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Series Preface 

S 
ince its inception in 1994, the Master Techniques in Orthopaedic Surgery series has 
become the gold standard for both physicians in training and experienced surgeons. Its 
exceptional success may be traced to the leadership of the original series editor, Roby 
Thompson, whose clarity of thought and focused vision sought ''to provide direct. detailed 
access to techniques preferred by orthopaedic surgeons who are recognized by their col-

leagues as 'masters' in their specialty," as he stated in his series preface. ltis personally very reward
ing to hear testimonials from both residenU and practicing orthopaedic surgeons on the value of 
these volumes to their training and practice. 

A key element of the success of the series is its format. The effectiveness of the format is reflected 
by the fact that it is now being replicated by others. An essential feature is the standardized presenta
tion of infmmation replete with tips and pearls shared by experts with years of experience. 

Abundant color photographs and drawings guide the reader through the procedures step-by-step. 
The second key to the success of the Master Techniques series resbl in the reputation and experi

ence of our volume editma. The editma are truly dedicated "masb:rll" with a commitment to share 
their rich experience through these texts. We feel a great debt of gratitude to them and a real respon
sibility to maintain and enhance the reputation of the Master Techniques series that has developed 
over the yean. We are proud of the progress made in formulating the third edition volumes and are 
particularly pleased with the expanded content of this series. Six new volumes will soon be available 
covering topics that are exciting and relevant to a broad cross section of our profession. While we 
are in the process of carefully expanding Master Techniques topics and edilma, we are committed 
to the now-classic format. 

The first of the new volumes is Relevant Surgical Exposures, which I have had the honor of edit
ing. The second new volume is Essential Procedures in Pediatrics. Subsequent new topics to be 
introduced are Soft Tissue Reconstruction, Management of Peripheral Nerve Dysfunction, Advanced 
Reconstructive Techniques in the Joint, and finally Essential Procedures in Sports Medicine. The 
full library thus will consist of 16 useful and relevant titles. 

I am pleased to have accepted the position of series editor, feeling so strongly about the value of 
this series to educate the orthopaedic surgeon in the full array of expert surgical procedures. The 
true worth of this endeavor will continue to be measured by the ever-increasing success and critical 
acceptance of the series. I remain indebted to Dr. Thompson for his inaugural vision and leader
ship, as well as to the Master TechnkJues volume editors and numerous contributors who have been 
true to the series style and vision. As I indicated in the preface to the second edition of The Hip 
volume, the words of Willi.am Mayo are especially relevant to characterize the ultimate goal of this 
endeavor: "'The best interest of the patient is the only interest to be considered." We ~ confident 
that the information in the expanded Master Technitples offers the surgeon an opportunity to realize 
the patient-centric view of our surgical practice. 

Bernard F. Morrey, M.D. 
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Preface 

W
elcome to the third edition of Ma:ster Techniques in Orthopaedic Surgery: TM 
Spine. Since publication of the first edition in 1997, the field of spinal surgery has 
moved forward at a dizzying pace. Perhaps in no othec branch of orthopaedic sur
gery has technology so radically changed surgical treatment 

We sought out those master surgeons whom we believe to be leaders in the 
discipline and ask£d them to present their material in a concise and logical manner, stressing the 
important pointa and making clear the steps iDvolved in performing each procedure. The techniques 
are well illustrated, and complications and pitfalls to be avoided are outlined. 

As in prior editions, we think readers will benefit greatly from this edition. Indeed, we ourselves 
picked up many pearls from putting this together and are .impl'e8sed with the expertise shown and 
the richness of this format. We hope you find it equally WICful 

Thomas A. Zdeblick, M.D. 
Todd J. Albert, M.D. 
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Anterior Cervical 
Approach 

Sanford E. Emery 

S
ince the 19508, the anterior approach to the cervical spine has become the approach 
of choice for many operative procedures performed today. Much of the pathoanatomy 
necessitating surgezy is located in the anterior oolumn of the spine. which lends itself to 
the direct anterior approach in treating degenerative, traumatic, neoplastic, infectious, and 
deformity conditions. Knowledge of the anatomy and respecting tissue planes allows the 

spine surgeon anterior access from Cl to the cervicothoracic junction. We will review the approach 
to the midcerv.ical spine since it is by far the most common approach utilized, followed by the less 
common techniques for the upper cervical spine and the cervicothoracic junction. 

ANTERIOR APPROACH TO THE CERVICAL SPINE (C3- C7) 

Indications/Contraindications 

The goals of most operative spine procedures are decompreaaion of the spinal canal, arthrodesis, 
or both. Because much of the pathology requiring operative intervention involves the disc space or 
vertebral bodies, the anterior approach is indicated for many disorders using decompression and 
fusion techniques. Disc herniations or spondylosis changes with cord or root compression are easily 
accessed from the anterior approach. Larger procedures such as cervical corpectomies to decom
press longer areas of the spinal canal or to correct deformity will require the anterior approach in 
most instances. Reconstruction of the anterior column following fractun:a, neopl8.8ID8, or severe 
infections utilizes the same operative approach. 

Contraindications to the anterior approach are uncommon. Multiple prior anterior surgeries, skin 
changes from radiation, or at times, severe obesity may lead the surgeon to opt for posterior approach 
options to treat certain oonditions. It should be noted that in patients with prior anterior approaches, 
any suspicion of a recurrent laryngeal nerve (RLN) palsy with unilateral vocal cord paralysis should 
be identified before other anterior procedures are performed, since the uninjured aide should not be 
used so as to avoid potential bilateral vocal cord paralysis. 

1 



2 PART I Cervical Spine 

Preoperative Preparation 

In preparing for an anterior operative procedure, the surgeon should palpate the skin and soft tissues 
of the patient's neck looking for an enlarged thyroid gland that could be problematic for exposure 
of the lower cervical spine. Some retraction on the carotid arteries during the anterior approach is 
unavoidable, so patients with known or suspected carotid artery disease should be evaluated pre
operatively, though in this author's opinion the risk of neurologic sequelae from retraction of the 
carotid artery is extremely rare. Identification of an existing unilateral vocal cord paralysis is men
tioned above and would dictate approaching the spine anteriorly from the same side as the injured 
RLN so as not to create a bilateral injury and thus an inability to protect the airway. 

The course of the vertebral artery should be checked preoperatively using routine magnetic reso
nance imaging or occasionally computed tomography angiography or magnetic resonance angiogra
phy. Aberrant medialization of vertebral arteries is uncommon though well described (5) and creates 
a high risk for vertebral artery injury in even routine cases. 

Technique 

Positioning of the patient for the anterior approach is important in facilitating exposure of the spine. 
For patients without severe cord compression, a roll can be placed between the shoulder blades 
allowing for neck extension and retraction of the shoulders. A general-use radiolucent table with 
a rectangular extension will allow raising or lowering of the head into more or less extension as 
needed during the case such as to compress the bone graft before plating. For discectomy and 
one-level carpectomy procedures, traction is not needed since screw-post-type retractors can eas
ily distract discs or one-level carpectomy distances. For two or more level carpectomy procedures, 
intraoperative traction can be helpful. Both neck extension and the amount of weights must be used 
with extreme care or not at all in patients with spinal cord compression so as not to create spinal cord 
injury. Taping down of the shoulders or using wrist restraints with light traction can help with fluo
roscopic or radiographic visualization of the lower cervical spine. Over pulling should be avoided 
so as not to create a brachial plexus injury. Rotation of the head 10 to 15 degrees away from the side 
of the operative approach will help with exposure. 

The superficial anatomy enables placement of a transverse incision at the appropriate level for 
the indicated procedure. The hyoid bone is at C3, the thyroid cartilage at C4 and C5, and the cricoid 
cartilage is at C6. The carotid tubercle is often palpable as a prominence of the transverse process 
of C6. Practically speaking, an incision for a C5-C6 discectomy and fusion procedure is typically 
three finger breadths above the clavicle and two finger breadths for a C6-C7 level. Fluoroscopic or 
radiographic confirmation intraoperatively is, of course, required to ensure the appropriate level. 
The typical sizing of the transverse incision starts approximately a centimeter on the other side 
of midline coming over to just past the border of the sternocleidomastoid on the surgeon's side. 
Cephalad and caudad incision of the fascial planes will allow for easy retraction and a surpris
ingly extensile approach over many vertebral levels. A longitudinal incision can be made along the 
border of the sternocleidomastoid for a more extensile approach, though it is much less cosmetic 
and rarely required. Two transverse incisions at distinct levels for long reconstruction constructs is 
also an option. 

After appropriate prepping and draping, the skin incision is made transversely at the chosen level 
for the classic Smith-Robinson anterior approach to the midcervical spine (24) (Fig. 1-1). Skin and 
subcutaneous tissue are incised with a knife blade, and any bleeding is controlled with cautery. 
Below the subcutaneous tissue is the platysma with vertical fibers. This author divides the platysma 
sharply the length of the incision, although it can be split vertically and retracted. There is a thin 
superficial cervical fascial layer that is incised transversely. This layer usually exposes branches 
of the external jugular system, which at times can be large. 'JYing and dividing these branches is 
sometimes prudent, although often they can simply be retracted with the deeper tissues. At this 
point, the deep cervical fascial layer is incised superiorly and inferiorly just medial to the border 
of the sternocleidomastoid (Fig. 1-2). This layer is the fascia that envelops the sternocleidomastoid 
and continues medially to envelop the strap muscles (10). Identifying and incising this fascial layer 
allows for extensile retraction up and down the anterior spine. The carotid artery is then palpated 
with an index finger and held laterally (Fig. 1-3). An appendicial-type retractor is placed medial to 
the surgeon's index finger deeply and retracts the trachea and esophagus medially. This retraction 
allows for a combination of blunt and sharp dissection of the pretracheal or alar fascia, which over
lies the prevertebral fascia. At this point, the discs and vertebral bodies should be easily palpable 
and visible. The prevertebral fascia (11) can be lifted with forceps and dissected with a pair of 
Metzenbaum scissors to expose the anterior longitudinal ligament, discs, and vertebral bodies. A 
peanut-type dissector is useful for sweeping away the thin fascial layers off of the spine superiorly 
and inferiorly, and the deep retractors can be placed. The longus colli muscles run along each side 



FIGURE 1·1 
Superficially, the ante
rior approach to the 
subaxial spine utilizes 
the interval between the 
stern oc lei do mastoid 
muscle (lateral) and 
trachea/strap muscles 
(medial). Deep to this. 
the interval is between 
the carotid sheath 
and the esophagus. 

FIGURE 1·2 
The muscles are 
contained within 
an investing fascial 
layer (superficial 
to the individual 
muscle encapsulating 
fascia). An interfascial 
dissection between the 
strap muscles and the 
stern oc lei do mastoid 
is developed bluntly 
by spreading with a 
clamp or Metzenbaum 
scissors. Once through 
this layer, finger 
dissection continues in 
a posteromedial direc
tion toward the spine. 
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FIGURE 1·3 
The carotid pulse can 
be palpated and the 
artery displaced later
ally at all times. which 
ensures that the dis
section is medial to the 
carotid sheath. With 
a finger palpating the 
pulse laterally, a hand
held retractor is placed 
medially to retract the 
trachea and esophagus. 
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Anterior longitudinal 
ligament 

of the spine and will actually converge toward the tubercle of Cl if the exposure is extended cepha
lad. The medial border of the longus colli along each side is typically elevated for 3 to 4 mm. using 
cautery. This dissection allows deep retractor blades to grip better and minimizes dislodgement of 
the retractors. Overzealous elevation of longus colli could threaten the vertebral arteries, however, 
and should be avoided. 

Self-retaining retractors have been Wled for many years for anterior cervical procedures and, 
with careful use, are very safe. Handheld retractors are possibly easier on the esophagus since the 
retraction will inherently be more intermittent, but this method requires more personnel. After the 
surgery, the wound ill irrigated and the retractors removed. Many SurgeonB use a small drain that ill 
brought out through the incision without making a cosmetically unacceptable separate stab wound. 
The platysma is the first layer closed with 3-0 Vicryl followed by 4-0 Vicryl in the subcutaneous 
layer and often a subcuticular Prolene or V1eryllayer for cosmetic skin closure. 

Postoperative Management 
Elevating the patient's head of the bed approximately 30 to 40 degrees may mitigate postopera
tive swelling. Most patients undergoing the common anterior cervical procedures can be extubated 
immediately after surgery. Larger multilevel corpectomy cases or more complex conditions such 
as tumors or deformity corrections may warrant a delayed extubation primarily to monitor airway 
edema (8). There is very little tension on the anterior cervical tissues, and typically the skin sutures 
can be removed in days rather than weeks. 

Complications 
Complications encountered in the anterior approach to the cervical spine are typically based on 
anatomy unique to this region. Dysphagia (swallowing difficulty) is nearly universal in the first few 
days after surgery in these patients, presumably due to retraction of the esophagus. This complica
tion recovers quickly in most patients although better investigation of dysphagia in recent years has 
documented a higher increase at 6 months and even at 12 months than was previously appreciated 
(3,15,22). Injury to the esophageal wall with perforation can also occur and, if unrecognized, can 



Anterior Cervical Approach 

lead to a life-threatening postoperative mediastinitis. Intraoperative indigo carm.i.ne can be injected 
by the anesthesiologist into the esophagus via a nasogastric tube to try and detect any perforationa 
though 1hiB technique has not been proven to be reliable. If aoy are noted, then otolaryngologic 
or thoracic consultation is recommended for closure and no oral intake is allowed for a period 
postoperatively to allow the injury to seal over. 

Dysphonia (hoarseness or voice changes) can arise from injury to either the RLN or the superior 
laryngeal nerve. The RLN supplies all the intrinsic muscles of the larynx with the exception of cri
cothyroid, which is supplied by the superior laryngeal nerve. An RLN palsy leaves the vocal cord 
in an open or semiopen position on that side, causing difficulty with phonation and even protection 
of the airway. The left RLN branches off the vagus and loops under the arch of the aorta and returns 
cephalad in the tracheal esophageal groove up to the larynx. The path of the right RLN is slightly 
more variable (Fig. 1-4). It loops under the right subclavian artery and travels up to the larynx with 
a slightly less predictable course. Rarely, the nerve will descend directly into the larynx without 
looping as a recutreDt structure (21). Because of these anatomic findings, some surgeons prefer a 
left-sided approach believing it will decrease the incidence of RLN injury. This opinion has been 
difficult to prove in the literature with any statistical validity (4), however, and both right-sided and 
left-sided approaches are commonly utilized. Suggested techniques to decrease RLN palsy such 
as deflating and reinflating the endotracheal tube cuff, which may allow the tube to adjust itself 
within the larynx after the retractors are placed, is believed to be effective by some authors and 
not by others (1,2). Most recurrent nerve palsies recover over time, but can take up to a year post
operatively (29). 'JYpically, the superior laryngeal nerve is at risk for exposure at the C3-C4 level. 
Small traversing nerves should be protected and retracted rather than simply transected. Superior 
laryngeal nerve injury results in weak phonation and voice fatigue, which can be a major disability 
for singing. 

FIGURE 1·4 
On the le1t side, the RLN is more consistently 
located within the carotid sheath and has less 
medial-lateral variability than on the right 
side. On the right side, there is much more 
medial-lateral variability in its location. (Adapted 
from Netterville JL, Koriwchak MJ, Winkle M, 
et al.: Vocal fold paralysis following the anterior 
approach to the cervical spine. Ann Otol Rhino/ 
Laryngo/1 05: 85-91, 1996.} 
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Vertebral artery injury, though more at risk during discectomy or cotpectomy procedures, can be 
injured during the approach as welL As mentioned above, preoperative identification of aberrant ver
tebral arteries is important to avoid an artery looping more medially under the longus colli. Though 
possible, injury of the carotid artery is notably rare in anterior approaches to the cervical spine. 

Horner syndrome has been described as a complication of the anterior approach. This complica
tion results from an injury to the sympathetic plexus that descends lateral to the longus colli muscle 
on each side. The sympathetic plexus courses more medially near the carotid tubercle at C6. Clini
cal features of Horner syndrome are ptosis (drooping eyelid), miosis (pupillary constriction), and 
anhidrosis (dry eye) (7). 

TRANSORAL APPROACH TO THE UPPER CERVICAL SPINE 

Indications/Contraindications 

This operative approach allows direct visualization of the anterior arch of C1 and the body of C2. 
It is used for removal of the odontoid and pannus in rheumatoid arthritis patients when indicated, 
for debridement of infection, and decompression for tumor. Because the incision is transmucosal 
in the posterior pharynx, there is theoretically a higher infection rate with this approach given oral
pharyngeal flora. Thus the most common indications for transoral approaches are for debridement 
or decompression and more limited for bone graft reconstruction or instrumentation. Other authors 
have described a tongue and mandible splitting technique for a more extensile approach (25,28) or 
endoscopic endonasal odontoidectomy (16,20), but other alternatives such as the high retropharyn
geal approach are more common. 

Preoperative Preparation 

Close examination of the oral-pharyngeal cavity should be done preoperatively, looking for any den
tal caries or active infections that might need treatment preoperatively. This approach does require 
the patient to be able to open the jaw an adequate amount (typically 3 to 4 em) for placement of 
retractors and visualization. 

Technique 

Position of the patient and setup are very important for transoral techniques. Oral rather than nasa
tracheal intubation should be performed so the endotracheal tube is not in the operative field. The 
patient should be placed in slight Trendelenburg to prevent fluids from entering the trachea and pul
monary tree. A well-functioning endotracheal tube cuff is essential. Sterile gauze should be packed 
into the hypopharynx to help prevent leakage into the airway tree. The nares are draped out of the 
operative field with plastic drapes. A red rubber or Foley catheter can be placed through the nose into 
the hypopharynx, and the uvula can be tied to the tip of the catheter with a simple stitch. The tube is 
then pulled back, which retracts the uvula out of the operative field without injuring it. The oral cav
ity is then prepped with Betadine; some surgeons fill the whole oral cavity with Betadine and let it 
sit for minutes to minimize bacteria in the field. A microscope and C-arm are highly recommended. 

Special transoral retractors with a broad tongue blade are available and are commonly used by 
otolaryngologists (Fig. 1-5). The anterior tubercle of the ring of C1 can typically be palpated in the 
posterior pharynx and should be confinned by radiograph with needle localization. A vertical inci
sion approximately 2 to 3 em in length is made in the posterior pharynx (Fig. 1-6). This incision can 
be made in the midline, and a full-thickness soft tissue flap is elevated off the bone and retracted 
laterally. An alternative is a more lateral incision and raising one large Hap in the opposite direction. 
There are four layers of tissue incised to access the spine: the pharyngeal mucosa, the pharyngeal 
constrictor muscles, the buccopharyngeal fascia, and the prevertebral fascia. These layers are not 
dissected out but rather kept in one full-thickness Hap to maximize the blood supply and healing 
potential. A knife is easier on the tissue edges than cautery and may facilitate the best closure. 

Retraction of the soft tissue Haps can be aided using stay sutures on each edge. Subperiosteal 
dissection on the anterior arch of C 1 is performed until the lateral masses of the C 1--C2 joints are 
exposed. If removing the odontoid, a burr is utilized to resect the anterior arch of C 1. The burr 
can then be used to thin the dens, hollowing it out to protect the soft tissues. When the dens is 
thin enough, it can be elevated off of the transverse ligament and tectorial membrane with curettes 
and pituitary rongeurs. Initially removing the base of the dens makes the operation more difficult 
as the odontoid becomes movable and thus more difficult to excise. The wound is vigorously 
irrigated to minimize the infection rate. Closure is very important, again to prevent infection. 
A two-layer closure is recommended with the deep muscle layer closed snugly with resorbable 
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C2 

suture such as 3-0 Vicryl with mattress sutures. The mucosa is then closed loosely with simple 
resorbable sutures. 

Postoperative Management 
Perioperative antibiotics are always utilized, and anaerobic coverage is recommended. Upper oral
pharyngeal swelling can compromise the airway, and extubation decisions should be made by the 
surgeon and anesthesiologist with this potential complication in mind. Delay of oral intalre is recom
mended for a couple of days until the wound is sealed and the patient upright and preferably mobile. 

Complications 
Infection risk with the transoral approach has actually decreased substantially over many years, with 
rates documented between 0% and 3% in contemporary series (17,19,29). This change ill most likely 
due to better prophylactic antl'biotics, improved surgical technique including careful closure, and 
perhaps patient selection. Protection of the airway intraoperatively from fluids draining down into the 
trachea and pulmonary tree is very important for the8e patients. Postoperative airway management 
is also critical to avoid swelling complications and airway compromise. Other complications include 
iatrogenic instability from removal of the dens in certain patients, most of which will require con
comitant posterior stabilization either at the same sitting or in a staged fashion. If a cerebrospinal fluid 
leak occurs during the procedure, then meningitis is of concern as a potential complication as well. 

HIGH ANTERIOR RETROPHARYNGEAL APPROACH 
TO THE UPPER CERVICAL SPINE 

Indications/Contraindications 
The high retrophary:ngeal approach to the upper cervical spine is an alternative to the transoral 
approach in many patients. It allows exposure from the clivus down to the midcervical spine and is 
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FIGURE 1·5 
Rectang u I ar-shaped 
self-retaining retrac
tors should be used for 
transoral exposure. A 
broad tongue blade with 
a suction device offers 
retraction inferiorly, 
whereas the superior 
aspect of the retractor 
rests on upper teeth, 
which must be padded 
to prevent injury to the 
teeth. A cut portion of 
a Foley catheter can be 
used for this padding. 
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FIGURE 1-6 
The knife blade should 
incise through the 
anterior longitudinal 
ligament down to the 
bone. The entire soft 
tissue layer is then 
sub peri osteally stripped 
as a unit of tissue using 
a periosteal elevator. 

Eustachian 
tube 
orifice----'~~~~ 
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extensile. It is a retropharyngeal dissection and thus theoretically offers a lower infection rate than 
ttansoral procedures. The approach for spine procedures is well descdbed by McMee et al. (18) 
and others (14,27) and is typically indicated for high cervical tumors, infections, and even frac
tures. Anterior reconstruction and instrumentation is facilitated with this approach. Contraindica
tions would be soft tissue concerns such as postradiation conttactures. It is also very helpful if not 
necessary for the patient to have some neck extension and rotation to allow for adequate exposure 
of the highest levels. 



Anterior Cervical Approach 

Preoperative Preparation 

As mentioned, the patient should be evaluated for the ability to extend and rotate the neck to allow 
for easier retraction and visibility at the uppermost levels. A short Kirschner wire (K-wire) placed 
directly into the anterior mandible in the midline can be bent at the tip and umbilical tape tied to 
this K-wire. A 1-pound weight can then be suspended off the end of the table, which retracts the jaw 
cephalad to help with exposure. Normal or abnormal function of the facial nerve and hypoglossal 
nerve should be noted as these structures are at risk during the approach. Injury or ischemia from 
retraction of the carotid artery is exceedingly rare in anterior cervical approaches, but preoperative 
evaluation of the carotids should be considered. 

Technique 

Positioning with a Mayfield rigid headholder versus tong-type traction depends on the particular 
case and the preference of the surgeon. A nasotracheal tube is preferred so as to allow better closure 
of the jaw with the K-wire plus umbilical tape in the step mentioned above. The head is extended as 
much as safely possible and rotated to the opposite side. Left- or right-sided approaches are based on 
surgeon preference since the RLN is not at risk this high in the neck. A transverse incision is made 
below the mandible at the level of the hyoid bone. Most pathologic entities requiring this approach 
warrant a several-centimeter transverse incision beginning past the midline on the opposite side of 
the cervical spine and ending on the surgeon's side at the anterior border of the sternocleidomastoid. 
The incision can become extensile distally with a "T'' distal extension along the anterior border of 
the sternocleidomastoid (Fig. 1-7). 

The transverse incision is carried down through subcutaneous fat. The platysma is usually quite 
thin and incised transversely. A submandibular gland is often visualized near the posterior angle 
of the jaw. This gland can be resected with attention paid to ligating the duct to avoid a postop
erative fistula. The digastric muscle and the tiny stylohyoid muscle are visible in this layer. The 
digastric muscle has two bellies (Fig. 1-8), with the anterior belly descending from the floor of 
the mandible to the hyoid where a 90-degree sling or pulley structure turns the tendon laterally to 
form the posterior belly, which then attaches to the mastoid process. The digastric can be divided 
and tagged, which exposes the hypoglossal nerve that is fairly large in diameter (Fig. 1-9). The 
mandibular branch of the facial nerve, which controls motor to the lower lip, is a smaller diam
eter structure located higher in the field near the mandible and may not be easily visualized (Fig. 
1-10). Vessels in this region from superior to inferior include the facial arteries and veins, the 
ascending pharyngeal arteries and veins, the lingual arteries and veins, and the superior thyroid 
vessels (Fig. 1-11). The superior laryngeal nerve may be visible in the lower aspect of the field. 
Ligation of these vessels may or may not be necessary for any given patient. Dissection along 
the anterior border of the sternocleidomastoid and incising the deep cervical fascia will facilitate 
a deeper dissection medial to the carotid sheath and posterior to the pharynx toward the spine 
(Fig. 1-12). The hypoglossal nerve should be dissected free as needed to allow for safe superior 
retraction. A nerve stimulator may be helpful to identify the hypoglossal nerve and/or the man
dibular branch of the facial nerve. For visualization to the highest levels in the cervical spine, 
this author recommends two assistants with handheld retractors. Using handheld retractors not 
only allows for better visualization but also gives the soft tissue frequent breaks with intermittent 
relaxation of the assistants. 

As the dissection is carried deeper, ligation of the small vessels mentioned above may be needed 
to allow for appropriate retraction. Blunt dissection is carried down to the alar fascia, and the spine 
is palpable. This layer is dissected superiorly and inferiorly, and the prevertebral fascia can be swept 
off of the vertebrae with a peanut dissector on a long clamp exposing the desired levels. Deep retrac
tors are then placed as in the standard midcervical Smith-Robinson type of approach. The longus 
colli muscles converge to the anterior tubercle of the ring of C1 and thus will cover more of these 
upper cervical vertebrae. Cautery can be used to elevate off longus colli on each side for exposure 
as needed. 

Closure of the wound is straightforward with 3-0 interrupted absorbable sutures in the platysma, 
4-0 absorbable sutures in the subcutaneous layer, and a final skin suture with a running nylon suture 
or vertical mattress sutures. 

Postoperative Management 

Often this approach is utilized for significant pathology such as tumors or severe infection, and 
drains are usually warranted. Perioperative antibiotics are given per the normal routine. Airway 
issues are of paramount importance given the ability of the soft hypopharyngeal tissues to swell 
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FIGURE 1·7 
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The hyoid bone is palpated along the anterior neck midline just below the jaw. This represents the medial extent 
of the incision. The incision can optionally be "T-ed" at its midaspect, approximately at the anterior border of the 
sternocleidomastoid muscle. Carried distally along the muscle border, this limb of the incision can be used for 
extensile exposure of the entire cervical spine. 
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FIGURE 1·8 
This cadaver dissection demon
strates a left-sided high retro
pharyngeal approach to the upper 
cervical spine. Note the salivary 
gland retracted out of the way, and 
the boomerang shape of the digas
tric muscle and its tendinous middle 
section. 

from long periods of retraction. An extubation strategy should be determined by the surgeon and 
anesthesiologist. 

Complications 
Airway swelling after complex procedures poses a threat for prolonged intubation on a case by 
case bas.is. Esophageal or hypopharyngeal injury is possible and should be suspected with any 
wound infection or fevers postoperatively. Injury to the mandibular branch of the facial nerve can 
produce facial nerve palsy of the lower lip area. Injury of the hypoglossal nerve will affect motor 
function of the tongue. A superior laryngeal nerve palsy will result in voice changes and voice 
fatigue. 
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FIGURE 1-8 
After the digastric 
muscle has been 
divided and retracted, 
hypoglossal nerve is 
identified. 
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FIGURE 1-10 
The retromandibular 
vein crosses the parotid 
gland in its approximate 
midaspect. The common 
facial vein crosses the 
anterior aspect of the 
masseter muscle along 
the inferior angle of the 
jaw. These two veins 
should be dissected 
free and ligated near 
their junctions with the 
internal jugular vein, 
allowing the soft tissue 
flaps to be retracted 
proximally and distally. 
Keeping the dissection 
deep to and inferior 
to these ligated veins 
helps protect the facial 
nerve branch from 
injury. 

Facial artery 
and vein 

Submandibular gland 

Hyoid bone 
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Sternothyroid muscle 

ANTERIOR APPROACH TO THE CERVIC01HORACIC 
JUNCTION (C7-T3) 

Indications/Contraindications 
The anterior approach to the cervicothoracic junction is limited by the manubrium, sternum, and 
great vessels of the mediastinum. Neoplastic or infectious disorders often destroy the anterior col
umn of the spine, so this approach may be useful in addressing those pathologic entities. Anterior 
reconstruction techniques as well as instnunentation can be utilized within the limits for distal fixa
tion afforded by the anatomy. Because the cervicothoracic junction is normally kyphotic, the use 
of additional posterior instrumentation is often recommended. Degenerative conditions, primarily 
affecting the C7-Tl level, are often best approached via this low cervical anterior approach. To get 
at the posterior pathoanatom.y at C7-Tl or Tl-1'2, it may be necessary to perform a corpectomy 
so as to visualize and resect the pertinent problem areas, rather than to try to visualize the posterior 
portion of the disc level with a difficult line of sight for discectomy alone. 

Preoperative Preparation 
Imaging studies must be carefully examined to predict what is achievable with this low anterior 
cervicothoracic approach (9). Sagittal images show the relationship of the manubrium, sternum, 
and clavicle to the upper thoracic and lower cervical spine. Simple lines drawn perpendicular to 
the manubrium at its uppermost border simulates a surgeon's line of sight to the upper thoracic 
vertebrae. This line usually lands at the T2-T3 disc space but can be variable depending on body 
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habitus. Preoperative planning should suggest whether partial manubriectomy or a sternal split
ting approach would be preferable to a low anterior transverse incision alone. If removal of the 
manubrium or the medial clavicle is a possibility, then prudence would warrant a cardiothoracic 
surgeon to be available. 

Technique 
Positioning on the operating table is the same as the standard anterior approach to the cervical spine. 
A roll is typically placed in between the shoulder blades to help the shoulders retract The head is 
placed in slight extension and rotated away from the surgeons if there is not severe cervical stenosis 
that would make this positioning dangerous. Prepping of the surgical field is obviously larger if a 
manubrlectomy or sternal splitting approach is possible. Three different incisions can be utilized 
depending on the particular case. A low ttansverse incision .immediately above the clavicle can 
provide excellent access to C7 and Tl in most patients. The dissection here is the same as for the 
approach in the midcervical spine. If exposure from C7 to T3 is needed, then an L-shaped incision 
can be used. A midline vertical incision from the midstemum or manubrium is made to 1 em above 
the sternal notch and then is carried laterally, along a line in 1 em proximal to the clavicle. This 
ttansverse limb is carried past the border of the sternocleidomastoid to the midclavicle if needed. 
If extensile exposure to the middle and upper cervical spine is necessaey, then a full-length longitu
dinal incision along the medial border of the sternocleidomastoid, starting from the upper cervical 
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FIGURE 1-11 
The plane of dissection 
progresses between 
the carotid sheath 
and the esophagus/ 
larynx medially, just as 
in the lower cervical 
approach. The differ
ence is that numerous 
anteriorly projecting 
branch vessels from 
the carotid and internal 
jugular must be ligated 
before this plane can 
be adequately devel
oped. These include, 
from cranial to caudad, 
the (A) facial artery 
and vein, (B) ascend
ing pharyngeal artery 
and vein, (C) lingual 
artery and vein, and (D) 
superior thyroid artery 
and vein. 
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FIGURE 1-12 
The hypoglossal nerve 
lies deep to the stylo
hyoid and digastric 
muscles and emerges 
from the carotid sheath 
deep to the internal jug
ular vein but superficial 
to the carotid artery. It 
must be dissected free 
along its path to allow 
it to be safely retracted 
superiorly. 

Hypoglossal nerve 

Jugular and --r--....:...-4ii~~~ 
carotid vessels 

Sternocleidomastoid muscle 
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Submandibular gland 
excised 

Superior 
laryngeal 
nerve 

Tendon of digastric 

Superior laryngeal 
vessels ligated 

Sympathetic trunk 

spine, can be carried all the way down to the sternal notch and distally in the midline of the sternum 
(Fig. 1-13). 

For the L-shaped incision, the vertical component over the sternum and manubrium will cut 
through skin, subcutaneous tissue, and fascia over the bone. Subperiosteal dissection along the 
anterior surface of the mamJbrium and sternum is carried lateral enough to expose the sterno
clavicular joints. The L-shaped transverse component will be carried through skin, subcutaneous 
tissue, and platysma as in the standard Smith-Robinson dissection. The superficial cervical fascia 
is incised transversely and the deep cervical fascia incised superiorly and inferiorly. Dissection 
medial to the sternocleidomastoid and lateral to the trachea and esophagus is carried deeper to 
the alar fascia. Continued dissection will expose the prevertebral fascia and the anterior cervico
thoracic spine. 

A3 its name implies, the sternocleidomastoid has one head that inserts in the proximal manu
brium and the more lateral head directly into the medial clavicle. These tendons are released with 
electrocautery, being careful to avoid external jugular veins, which may be ligated as needed. The 
sternohyoid and sternothyroid muscles insert into the deep surface of the manubrium, which are also 
carefully released and tagged (Fig. 1-14). 

If the medial portion of the clavicle is to be removed (13.26) (Fig. 1-15), the anterior periosteum 
is dissected with cautery to the junction of the medial and middle thirds. Subperiosteal posterior 
dissection should be done with a small Cobb elevator with great care since the subclavian artery 
and vein are immediately deep to the clavicle. If this circumferential subperiosteal dissection is first 
done at the clavicular osteotomy site, then the medial portion of the clavicle can be gently elevated 
to assist in further posterior subperiosteal dissection toward the sternoclavicular joint, which aids in 
visualization. The clavicle can then be sharply disarticulated from the manubrium. 

Resection of the manubrium can leave both sternoclavicular jointll or, if a partial medial resection 
of the clavicle is prefeued, then the opposite sternoclavicular joint should be maintained. The anterior 
cortex and cancellous bone of the manubrium can be removed with a high-speed burr. This process 
makes subperiosteal dissection of the posterior cortex easier, and it can be removed with Kenison 
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rongeurs. The posterior periosteum ideally is left intact to protect the great vessels and thymua. Dis
section to the spine is now similar to that performed in the midcervical area, with incising the deep cer
vical fascia. dissecting between the carotid sheath and the trachea/esophagus, through the alar fascia 
to the prevertebral fascia and to the spine. Long, thin Deaver-type or W:aley-type handheld retractors 
are utilized to achieve and maintain exposure of these cervicothoracic vertebrae (Fig. 1-16). Longus 
calli is dissected subperiosteally with cautery exposing the lateral aspects of the anterior vertebral 
bodies. After the operative procedure is performed, the strap muscles and heads of the stemoclei
domastoids are reapproximated to the thick periosteal sleeve deep to the manubrium and clavicle. 
A small drain is typically used and the layers are closed as described earlier for the standard 
midcervical approach. 

The options for the specific anterior approach to the cervicothoracic junction are as follows: (a) 
low transverse cervical (standard Smith-Robinson), (b) sternal splitting, (c) partial removal of the 
manubrium, (d) removal of medial clavicle, (e) removal of medial clavicle and partial manubriec
tomy, and (f) transthoracic approach (12). 

Which of these specific approaches are utilized will depend on the pathoanatomy of the patient's 
problem and the patient's body habitus. In this author's experience, most pathology requiring 
removal of the T1 body with reconst:IUction and fixation into T2 is achievable through a low 
transverse incision. The benefits of this incision and dissection are that it is comparable to the 
midcervical approach and is thus familiar to spine surgeons. The advantages of the stemal splitting 
approach is that it is fast and routine for cardiothoracic surgeons and provides a maximum expo-
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FIGURE 1·13 
Two different inci-
sions can be made. 
If extensile exposure 
of the entire cervical 
spine down to the upper 
thoracic spine is neces
sary, then an incision is 
made along the medial 
border of the sternoclei
domastoid muscle down 
to its insertion into 
the clavicle. This then 
joins a midline incision 
along the midsternum 
up to 1 em proximal 
to the sternal notch. If 
exposure of only C7-T3 
is necessary, then an 
L-shaped incision is 
made. 
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FIGURE 1-14 
The plane deep to the 
platysma is developed 
above and below, cre
ating generous flaps. 
These are then reflected 
proximally and distally 
and tagged with suture 
to the opposing skin to 
maintain retraction. 

Recurrent 
laryngeal nerve 

PART I Cervical Spine 

sure down to T4. A partial median sternotomy (of the manubrium) and a transverse osteotomy 
through the synostosis of the manubrium and sternum have also been described (6). Removal 
of the medial portion of the clavicle creates adequate exposure but has a potential downside of 
shoulder instability and pain. Authors have described raising a flap of the medial clavicle and 
manubrium for exposure and replacing the bone flap and using K-wires for stabilization (23). 
This technique is certainly an option but Seemll more complex than partial manubriectomy or 
median sternotomy in this author's opinion. The lateral transthoracic approach should not be 
forgotten as it is familiar to most spine surgeons and certainly to thoracic surgeons. Removal of 
the third rib and retraction of the scapula cephalad, which may require release of some rhomboid 
attachments, allows for visualization up to Tl and down into the midthoracic spine. Body habitus 
plays a role in the ease of this approach. Though not described in this chapter, posterolateral tech
niques with wide costotransversectomies and lateral extracavitary approaches have become more 
popular over the past decade to tteat conditions that may be difficult to approach anteriorly at the 
cervicothoraclc levels. 
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Reflected left 
sternocleidomastoid 
muscle 

Sternum 

Postoperative Management 
Prophylactic antibiotic usage and drain management are similar to other anterior cervical proce
dures and vary per surgeon preference. Postoperative airway management is also similar to midcer
vical spine procedures. Whether bracing or adjunct posterior cervicothoracic stabilization is needed 
will depend on the individual case and surgeon preference. 

Complications 
Injury to the great vessels, particularly the venous structures behind the manubrium and sternum, is 
an unavoidable risk. Meticulous subperiosteal dissection can minimiz-e this risk. As stated earlier, 
available backup with cardiothoracic surgical expertise should be arranged preoperatively. The RLN 
can be stretched from retractors on either side. From a left-sided approach, the thoracic duct can be 
injw:ed. which if not recognized could lead to development of chylothorax. Injury to the esophagus 
and complaints of dysphagia postoperatively are possible as with the standard anterior midcervical 
approach. 
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FIGURE 1-15 
The manubrium is 
marked for resection as 
necessary, which should 
leave the contralateral 
sternoclavicular joint 
and a thin border of 
bone on that side intact. 
Distally, the cut should 
extend approximately 
3 to 4 em, essentially 
removing a rectangle of 
bone from the proximal 
sternum. 
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FIGURE 1-16 
Handheld retractors 
can be used for medial
lateral retraction. A disc 
space is identified and 
marked with a spinal 
needle. Subperiosteal 
dissection is continued 
as described previously 
to elevate the longus 
co IIi off the anterior 
surface of the vertebral 
bodies. 

Recurrent 
laryngeal nerve 
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Anterior Ce 
Discectomy and 
Fusion 

Christopher K. Kepler and Todd J. Albert 

INDICATIONS/CONTRAINDICATIONS 

Anterior cervic8l discectomy and fusion (ACDF) is indicated to relieve anterior-based compression 
of either the spinal cord or nerve roots causing (a) cervical radiculopathy unresponsive to 
8 to 12 week& of nonoperative treatment; (b) cervical radiculopathy with a progressive :neurologic 
deficit; or (c) cervical myelopathy. Prior to any surgical procedure, appropriate imaging studies 
must be obtained that demonatmte neural element compression that is consistent with the patient's 
clinical presentation. Although expectant management is sometimes employed by spine surgeons in 
the treatment of cervical myelopathy, it is our practice to operate on patients with myelopathy in a 
relatively expedient manner given the relative frequency of progression of symptoms and the uncer
tain recovery of function. Additionally, ACDF may be performed to treat certain traumatic injuries 
including central cord syndrome and some types of extension-distmction injuries. 

Contraindications to ACDF include (a) anterior compression that is not confined to the disc space 
or the area immediately adjacent to the disc space and (b) anatomic or approach-related concerns 
that preclude anterior surgery. A relative contraindication is the requirement for decompression at 
more than t:hree levels because of the increasing risk of nonunion with more operative levels. 

PREOPERATIVE PlANNING 

Prior to indicating patients for surgery, the surgeon must take a careful history and perform a 
physical examination with the goal of determining what spinal levels are liktly to be causing 
the patient' s presenting signs and symptOIIlll. Concordance between the patient's presentation and 
imaging findings is increasingly important as improvements in magnetic resonance imaging (MRI) 
allows detailed anatomic visualization and frequently identifies spine pathology in asymptomatic 
individuals (1). 

Disc hemiation or spondylosis at the C2-C3 level leads to compre8Sion of the C3 nerve root, 
which does not have a motor component C3 radiculopathy is most often manifested as pain but is 
mre, in part dlle to the relative capaciousne3ll of the spinal canal at this level. C3-C4 disease caus
ing C4 radiculopathy also lacks a motor component but typically results in pain along the top of the 
shoulder or trapezius region. C4-C5 disc herniation or spondylosis causes CS radiculopatby which 
is most o&n associated with weakness of the deltoid and pain/numbness in the upper arm that may 
radiate into the radial aspect of the forearm. Disc herniation or spondylosis at C5-C6leads to a C6 
radiculopathy. Patients with C6 radiculopathy present with weakness in the biceps or wrist exten
sors, decreased or absent biceps tendon reflex, and forearm and hand painluumbness, classically 
including the thumb and forefinger. C6-C7 is the most commonly affected cervical. level and causes 
a Cl radiculopathy that most commonly leads to triceps or wrist flexion weakneBs, diminished 
triceps reflexes, and forearm or hand pain/numbness affecting the long finger. Finally, CS radicu
lopathy is caused by either disc herniation or spondylosis at the C7- Tl level and results in finger 
flexion weakness and pain/numbness in the forearm extending into the ring and small fingers. 
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FIGURE 2-1 
Sagittal (A) and axial 
(B) T2-weighted MRI 
images demonstrating 
large herniated disc at 
C5-C6 causing spinal 
cord compression. 
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Patient with cervical myelopathy may or may not also complain of symptoms of cervical 
radiculopathy in which case localization of levels may be done as described above. Common pre
senting symptoms of patients with cervical myelopathy include imbalance, difficulty with fine motor 
tasks, generalized bilateral hand numbness, and difficulty holding objects. More rarely, patients 
complain of urinary or bowel symptoms. Pertinent exam findings include the presence of pathologic 
reftexes such as Hoffmann sign or Babinski sign. diminished upper extremity reflexes and enhanced 
lower extremity reflexes, or ankle clonus. 

All patients should initially undergo anteroposterior, neutral lateral, flexion lateral, and extension 
lateral radiographs. Plain radiographs are essential to evaluate the standing alignment of the cervical 
spine, identify levels of dynamic instability, and evaluate for the presence of congenital stenosis. 
Patients who cannot extend to at least neutral cervical alignment must undergo anterior column 
reconstruction and should not be treated solely via posterior-approach sw:gery as laminectomy will 
not decompress the spinal cord in a kyphotic spine. MRI is most commonly used to evaluate the 
degree and location of neural element compression (Fig. 2-1), but computed tomography scan may 
be used in those patients with contraindication.s to 'MRI, preferably after myelogram to improve 
identification of sites with compressive lesions. 

Surgical levels for patients being treated for radiculopathy should be selected based on concor
dance between presenting symptoms and imaging findings. When patients are being treated for 
myelopathy, all levels causing spinal cord compression should be addressed to offer the best chance 
to arrest symptoms. Finally, it is our practice to carefully consider inclusion of adjacent levels 
with advanced degeneration that are indeterminate with regard to conttibution to radiculopathic 
symptoms. Hilibrand et at. demonstrated that such levels in the adjacent cervical spine are likely to 
continue to degenerate, resulting in adjacent-level disease (2). 

TECHNIQUE 

General anesthesia is administered, and the endotracheal tube is taped at the comer of the patient's 
mouth and retracted contralaterally and superiorly. The authors' preference for primary ACDF is 
to tape the tube in the right corner of the mouth to facilitate a left-sided approach in order to mini
mize the risk of injury to the recWTent laryngeal nerve as this structure is more reliably protected 
within the tracheoesophageal interval on the left side. Care should be taken that a line connect
ing the bottom lip and the inferior aspect of the ear is free of tape as this will define the superior 
border of the surgical field. Next, bony prominences and any intravenous lines are padded, and 



2 Anteiior Cervical Discectomy and Fusion 23 

FIGURE 2·2 
Position for a left-sided anterior approach. Note that the neck is extended, the arms are tucked at the side, and the ipsilateral 
iliac crest can be draped out if necessary. Wide tape can be used to depress the shoulders to facilitate visualization of lower 
cervical levels for identification using an intraoperative radiograph. 

the arms are tucked at the sides. The neuromonitori.ng personnel should obtain a postintubation, 
prepositioning set of motor evoked potentials to establish baseline readings. Next the shoulders are 
retracted inferiorly using tape to optimize visualization on the localization radiograph. The neck 
is extended to open the disc spaces anteriorly via increased lordosis (Fig. 2-2). This maneuver, 
however, slightly decreases the cross-sectional area of the central canal, so a set of motor evoked 
potentials should be obtained after final positioning. If there is any decrease in signal ampli
tude, the neck position is adjusted into less or no extension and the motor evoked potentials are 
rechecked. The draping should include both sternocleidomastoid (SCM) muscles and the sternal 
notch in the surgical field, and the iliac crest should also be prepped and draped if autograft bone 
is to be used. 
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FIGURE 2·3 
Superficial landmarks 
are helpful in planning 
the skin incision but 
should be used in 
conjunction with the 
carotid tubercle, which 
is the anterior tubercle 
of the transverse pro
cess of C6. The hyoid 
bone is approximately 
at the level of C3, the 
thyroid cartilage spans 
C4-C5, and the 
cricoid cartilage lies at 
approximately C6. 
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Next, the location of the incision should be planned based on anatomic landmarks. It is our 
preference to primarily consider the location of the carotid tubercle in planning the incision as it 
is the only commonly used landmark that is actually part of the spine. The carotid tubercle is the 
anterior tubercle of the transverse process of the sixth cervical vertebra and lies approximately at 
the level of the C5-C6 intervertebral disc. While palpating the tubercle, the surgeon should watch 
the vital signs as inadvertent pressure on the carotid sheath may trigger a vagal response and cause 
bradycardia. Superficial landmarks are also commonly used to guide the incision and include the 
hyoid bone around the level of C3, the thyroid cartilage that spans C4 and CS, and the cricoid car
tilage at C6 (Fig. 2-3). It is the authors' observation that these landmarks are variable and should 
be used in conjunction with other points of reference whenever possible. The skin incision may be 
made in either a transverse or oblique orientation. The transverse incision is more cosmetic while 
the oblique incision is more extensile. We prefer the transverse incision and feel 1hat up to four
level ACDF can typically be performed through a transverse incision provided that the incision is 
carried a few millimeters medially past the midline and laterally to the medial border of the SCM. 
An oblique incision is made along the medial border of the SCM. 

After the skin incision is made, the underlying fat is bluntly dissected off of the underlying platysma 
muscle. We prefer to divide the platysma in line with the skin incision (Fig. 2-4). Sma1111aps are 
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FIGURE 2-4 

Transverse skin incision exposing the platysma musele, which is incised transversely with electrocautery. 

raised above and below the platysma to assist in identification of this layer during closure. Next the 
interval between the strap muscles medially and the SCM laterally is identified by dissecting using 
Metzenbaum scissors (Fig. 2-5). Release of connective tissue that overlies the intecval between the 
strap muscles and the SCM is critical when utilizing a transverse incision for more than two-level 
ACDF. Surgeons performing procedures in the lower cervical spine may encounter the omohyoid 
muscle belly passing obliquely from superomedial to inferolateral across the surgical field-this 
muscle may be transected using electrocautery to provide greater visualization (usually we do not 
find this necessary) of the spine but should be the only muscle transected beside the platysma. The 
carotid sheath is identified through gentle palpation of lhe patie.nt's pulse along the medial border of 
the SCM, and the anterior border of the spine can also be palpated medial to lhe carotid sheath. The 
interval between the medial border of the carotid sheath and the lateral border of the strap muscles 
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FIGURE 2-5 

The superficial cervical 
fascia is incised medial 
to the SCM muscle. 
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Sternocleidomastoid 
muscle 

should be freed throughout the entire extent of the incision to facilitate an extensile exposure of the 
spine (Fig. 2-6). 

Next, an appendiceal retractor is used to retract the trachea and esophagus and strap muscles 
medially. The spine is again palpated directly through the prevertebral fascia to identify the midline, 
and Metzenbaum scissors are used to incise the prevertebral fascia in the midline. Next. we use a 
Kittner dissector to clear the prevertebral fascia from the midline and identify the disc spaces. Care
ful study of the preoperative lateral radiograph is often useful to use unique osteophyte geography 
in identification of the surgicallevel(s). Care should be taJam. not to disrupt the disc space during 
this initial dissection as it can lead to subsequent disc degeneration if a nonoperative level is injured. 
Next, we place a bent spinal needle into the disc space and perform an intraoperative lateral radio
graph to identify levels (Fig. 2-7). It is important to use all available information to place the needle 
into a disc space that is to be fused; iatrogenic annulotomy by spinal needles placed at the wrong 
level has been suggested to contribute to early disc degeneration (4). 

After identification of the correct level(s), the prevertebral fascia is elevated off the vertebral 
bodies using electrocautery, taking care not to disrupt the cranial and caudal disc spaces, which 
are not to be included in the fusion. The longus colli is similarly elevated off the vertebral bodies 
and disc spaces. The longus colli should be elevated in a single flap to provide a location to place 
side-to-side retractors and should not be elevated past the lateral border of the vertebral bodies and 
disc spaces to avoid injury to the sympathetic chain. Once this exposure is completed, side-to-side 
self-retaining retractors are placed. 

Next, the discectomy is performed. First, a rectangular annulotomy is made with a no. 15 scalpel 
blade on a long handle (Fig. 2-8). Using a pituitm:y rongeur and no. 3 Kenison rongeur, the major
ity of the disc can be removed (Fig. 2-9A). The Km.ison rongeur is particularly helpful for clean
ing out superficial to the uncovertebral joints, an essential step for identification of the midline. A 
cervical Cobb elevator is inserted into the disc space and rotated against the endplates to loosen 
up levels stiffened by advanced spondylosis. After the uncovertebral joint away from the primary 
surgeon has been cleaned of all disc material, a small intervertebral spreader is placed to the far 
lateral aspect of the uncovertebral joint and opened to improve visualization of the posterior disc 
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space. Caspar retractors are equally helpful for this purpose. Straight and curved curettes are used 
to remove residual disc and the cartilaginous portion of the endplates, taking care not to disrupt the 
bony endplate (Figs. 2-9 and 2-10). A burr is usually used to very gently decorticate but not disrupt 
the bony endplate. Often, we use a bwr before removal of the posteri.ormost aspects of the disc in 
order to eliminate posterior osteophytes that protrude into the disc space, obscure the true poste
rior bot:det of the vertebral bodies, and inhibit access to the neural canal. Particular care must be 
taken to resect uncovertebral osteopbytes that may compress exiting nerves in the neural foramen, 
being wary that excessive lateral resection can endanger the vertebral artery. We routinely resect 
both the posterior annulus and posterior longitudinal ligament (PLL) in order to directly visualize 
decompression of the dura and spinal cord. The annulus and PIL are sometimes already disrupted, 
in which case a 1- or 2-mm Kerrlson rongeur can be used to remove these structures. If the annulWI 
and PI.L are intact, a small curved curette is used to create a vertical rent in both the residual annu
lus and PLL. A blunt nerve hook helps to define this interval, and a 1- or 2-mm. Kenison rongeur 
is then used to remove the annulus and PLL. The nerve hook is carefully passed behind the cranial 
and caudal vertebral bodies to evaluate whether disc material or posterior osteophyte& continue to 
cause spinal cord compression. Disc material behind the body can usually be delivered into the disc 
space and removed using a nerve hood while posterior osteophytes calllling significant compression 
may require more aggressive resection of the posterior vertebral margins to remove the compressive 
portions via partial corpectomy. At the lateral border of each disc space, a 2-mm Kerrlson rongeur 
is used to ensure an adequate foraminal decompression, and we use a blunt nerve hook to palpate 
each neural foramen. A brief rush of blood when the nerve hook is passed into the foramen is an 
indication that the decompression has extended to the lateral vascular leash and has adequately freed 
the exiting nerve root. 

With the decompression performed and the endplates prepared to accept a graft, we use trial 
rasps to determine the appropriate size graft. Depending on surgeon preference, either lordotic or 
parallel grafts can be placed and the corresponding rasps should be used. Beginning with a 6-mm 
trial rasp, we sequentially rasp until the rasp fits snugly within the disc space. The disc space 
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FIGURE2-6 
The carotid sheath is 
retracted laterally while 
the esophagus and 
trachea are retracted 
medially, and a subperi
osteal dissection of the 
prevertebral and longus 
colli is completed using 
both blunt dissection 
and electrocautery. 
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FIGURE 2-7 
A,B: A spinal needle 
is placed into the 
disc space at the 
level thought to be 
the operative level 
before taking a lateral 
radiograph to confirm 

A 

the correct level. B 

FIGURE2-8 
Exposure of the disc 
space is complete, and 
a scalpel is used to 
initiate disc removal. 
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FIGURE2-9 
A-C: The disc and 
cartilaginous endplates 
are removed with a 
combination of pituitary 
rongeurs and curettes. 
A small lamina spreader 
improves the exposure 
and access to the neural 
canal. 
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FIGURE 2-10 
Surgical view of Figure 
2-8. 
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depth should be measured using depth gauge. If allograft is to be used, the graft size is selected 
and the graft customized if necessary using a burr or sagittal saw. Intervertebral spacers were clas
sically fashioned from autologous iliac crest that was cut to fit the disc space. Although we have 
moved away from the use of autograft due to concerns over donor site morbidity, the availability 
of accmately machined allograft, and increasing evidence that there is no difference in outcome, 
the harvest of iliac crest autograft is simple, yields excellent intervertebral spacers, and may be 
particularly useful in heavy smokers in whom concern about nonunion is heightened (Fig. 2-11). 
An incision is made 1 em below the anterior iliac crest, taking care to begin the incision 3 em 
posterior to the anterior-superior iliac spine in order to avoid injW'ing the lateral femoral cutane
ous nerve. The fascia overlying the crest is incised longitudinally with electrocautery and fascial 
11aps raised in a subcutaneous manner to expose the inner and outer tables of the crest. Using an 
oscillating saw, a wedge approximately 2 mm wider than the size needed is harvested using ver
tical cuts approximately 20 mm deep. After the transverse cut is made to complete the harvest, 
bone wax is applied to the cut cancellous surfaces to stop bony bleeding and the wound is closed 
inlayers. 

We prefer a lordotic graft as the wedged shape facilitates insertion (Fig. 2-12). An upward force 
on the patient's chin wiU typically provide enough distraction to allow graft insertion. The graft is 
seated to its final position using a tamp and mallet and should be countersunk beyond the natW'al 
anterior border of the vertebral bodies by approximately 2 mm (Fig. 2-13), taking care to consider 
anterior osteophytes that must be removed if using an anterior plate to allow the plate to sit 11ush 
against the vertebral bodies. Anterior plating is increasingly common after ACDF to increase 
the stiffness of the fused segment with the goal of increasing fusion rate and reducing reliance 
on postoperative bracing (Fig. 2-14) (8,9). After seating the graft(s), the shortest plate that will 
span the cranial and caudal disc spaces is selected so as to keep the screws and ends of the plate 
as far from the preserved disc spaces as possible as plate proximity to adjacent levels has been 
implicated in the development of adjacent-level ossification disease (5) (Fig. 2-15). Osteophyte& 
at the vertebral margins must be removed using a burr to create a flat surface to receive the plate. 
Although there are many plate designs available, one principal decision the surgeon must make is 
whether to use a static or dynamic plate. If possible, we prefer to use a dynamic plate that allows 
load sharing with the intervertebral graft to encourage loading and may result in higher fusion 
rates. Screw length can be estimated based on the localization radiograph if the length of the bent 
portion of the spinal needle is known; the goal is to select the longest unicortical screw possible. 
The plate should be centered on the vertebral body-visualization of the uncovertebral joints is 
essential for centering the plate. Lateral screws may have poor purchase and in extreme cases 
may injmy the vertebral artery. Screws at the cranial and caudal ends of the construct should be 
angled away from the fused disc spaces to allow for selection of the shortest plate possible with
out risking penetration of the endplates and displacement of the intervertebral grafts (Fig. 2-16). 
Many current plates employ mechanisms that lock the screws in place once they are positioned to 
prevent screw back-out. 

Intraoperative anteroposterior and lateral radiographs are then obtained to ensure correct 
placement of the grafts and plate. The wound is copiously irrigated although infection rates 
for ACDF are very low. A drain is placed and the platysma as well as a layered skin closure is 
performed. 
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FISURE 2·11 

A tricortical iliac crest bone graft. The graft should be harvested at least 3 em posterior to the anterior superior iliac spine to 
avoid injury to the lateral femoral cutaneous nerve. 
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FIGURE 2·12 
When a graft is either 
harvested from the iliac 
crest or fashioned out 
of a larger piece of 
allograft bone, we prefer 
to bevel the posterior 
aspect of the graft to 
make a lordotic-shaped 
graft. 

FIGURE 2-13 
The graft is inserted 
into the disc space; 
when using iliac crest 
autograft, the iliac crest 
cortex is positioned 
anteriorly. 

PART I Cervical Spine 
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FIGURE 2-14 

Lateral radiograph demonstrating anterior cervical plate with 
evidence of solid fusion across C5-C7. 

POSTOPERATIVE MANAGEMENT 

After surgery, the patient is placed in a cervical collar. For one- and two-level surgeriell, we utilize 
a soft foam collar. For patients who undergo ACDF at more than two levels, we utilize a hard col
lar. Patients are started on soft/dysphagia diets initially although this is advanced if they do not 
have difficulty swallowing after surgery. Am.bulation is encouraged on the day of surgery. Draina 
are typically removed the day after surgery, and most patients are also discharged home on the first 
day after surgery. We have found that no strict postoperative rehabilitation regimen is necessary 
other than aggressive mobilization to prevent the development of thromboembolic disease. Isomet
ric neck strengthening begins coincident with the removal of the collar. Most patients can return to 
work. within 6 weeb and often earlier depending on the demands of their occupation. By 3 months, 
most patienta are cleared to return to full activity although postoperative radiographs must be care-
fully followed to ensure that fusion i.s achieved. 

FIGURE 2·15 
Schematic demonstrating proper 
position of cervical plate. 

FIGURE 2-18 
Angulation of the proximal and distal 
screws will enable the surgeon to keep 
the ends of the plate itself as far from the 
adjacent disc spaces as possible. 
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COMPLICATIONS 

As surgeons have to use less autograft bone due to concerns over donor site morbidity, associated 
complications such as hematoma, infection, meralgia paresthetica (due to lateral femoral nerve 
injwy), and chronic donor site pain are more uncommonly seen. The most common complication 
after ACDF is dysphagia. While most patients will have minor pain and/or difficulty with swallow
ing for the 1st weeks after surgery, this will resolve in 90% or more of patients by the 6 week mark. 
In patients with persistent dysphagia, a wide variety in residual symptoms are seen ranging from dif
ficulty with certain foods to severe dysfunction requiring feeding tube placement in extreme cases. 
Another complication likely related to retraction during surgery is recurrent laryngeal nerve injury. 
Although this remains a subject of debate, many surgeons feel that a left-sided approach reduces 
the risk of recurrent laryngeal nerve injury due to the more protected location of the nerve. Patients 
who require revision anterior cervical surgery should undergo evaluation prior to surgery by an 
otolaryngologist; patients with full functional vocal folds can undergo surgery using a contralateral 
approach while those with evidence of recurrent nerve palsy should have surgery using the same 
side approach as the first operation to avoid injury to both recurrent laryngeal nerves. 

Significant neurologic injwy during ACDF is exceedingly rare. A recent survey of Scoliosis 
Research Society members reported acute neurologic injwy after surgery in only 0.28% of cases, 
although this number may underreport the true incidence due to the need for self-reporting in this 
database ( 6). Spinal cord injury is even rarer as the majority of the deficits in this survey were related 
to isolated nerve root injuries that improved in the postoperative period. 

Fear of vertebral artery injwy should motivate careful analysis of the location of the vertebral 
arteries on preoperative imaging. Occasionally, anomalous vertebral pathways will place these struc
tures at risk as the arteries curve into the disc space where they could be injured during discectomy. 
The pathway of each vertebral artery should be traced on preoperative MRI as a part of routine 
preoperative planning. 

Although the incidence of graft extrusion has been curtailed by increasing use of anterior cervical 
plating, backing out of screws is occasionally seen and places the esophagus at risk. In addition to 
raising the specter of nonunion as screw movement is associated with instability, screws that are 
backing out should be removed in an expedient manner in order to preserve cervical structures. 

As described above, the incidence of nonunion increases as more levels are grafted. The use of 
anterior cervical plating has decreased but not eliminated this problem. While patients with cervical 
nonunion must be monitored carefully for the development of associated symptoms, many patients 
with radiographic nonunion continue to enjoy excellent results and no intervention is necessary. 
Patients with risk factors for the development of nonunion such as diabetes or tobacco use should 
be counseled preoperatively about this risk, and consideration should be given to the use of auto
graft or a postoperative bone stimulator. Finn counseling about the benefits of smoking cessation 
will benefit patients in terms of both their likelihood of successful spine fusion and their general 
medical health. 

RESULTS 

ACDF is an effective treatment for the symptoms of cervical radiculopathy. Inasmuch as patients 
with myelopathy may have concomitant radicular symptoms, patients may note significant improve
ment in symptoms after ACDF for myelopathy, but patients must be reminded that the purpose of 
operating on patients with myelopathy is to halt progression of the disease with uncertain relief of 
any symptoms attributable to spinal cord compression. With regard to relief of arm pain, it is our 
experience that approximately 90% of patients will be satisfied after surgery with the degree of 
improvement in their symptoms. The rate of successful fusion is not equivalent to the rate of success 
of the operation as roughly half of patients who develop nonunion remain asymptomatic. Analysis 
of the control groups from recent total disc replacement randomized controlled trials have estab
lished a union rate of 95% for single-level ACDF (7); this rate decreases as the number of operative 
levels increases, and the nonunion rate for three-level ACDF is approximately 20% with anterior 
plating. Although range of motion will not be normal after surgery, patients can be counseled that 
their postoperative range of motion will improve compared with the limited preoperative range of 
motion seen in patients with cervical spondylosis (3). 
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Anterior Cervi 
Arthroplasty 

Thomas J. Kesman and Bruce V. Darden II 

INDICATIONS/CONTRAINDICATIONS 

Anterior cervical discectomy and fusion (ACDF) has developed into the primary operation for 
treating symptomatic cervical disc diaeue over the past several decades (1). While ACDF ill reliable 
at treating the arm pain associated with radiculopathy and the spinal cord compression associated 
with myelopathy, there are lingering questions regarding the loss of motion and potential adjacent 
segment degeneration (ASD) over long-tenn follow-up a.s a result of the procedure (2,3,5). 

Anterior c:ervical arthroplasty (ACA) was developed with tbese illaues in mind. The goal of ACA ia 
to not only relieve the radiculopathic or myelopathic symptoms but also prel!ICIVe motion and decrease 
the likelihood of ASD. Initially, some surgeons had ccmcems about ongoing motion and potential 
repetitive microttauma with the use of arthroplasty in myelopathy; however, studies have shown that 
patienta do no wor&e with arthroplasty than fusion with singl~level myelopathic di.&ea&e (11). 

Indications for ACA are similar to those of ACDF: 
Single-level symptomatic cervical disc disease (radiculopathy and/or myelopathy) between C3 
and C7 in a skeletally mature patient 
Disc herniation, osteophyte formation, and/or loss of disc height on imaging studies 
Functional deficit (pain) or neurologic deficit in a distribution consistent with findings on imaging 
(MRI or CT/CT Myelogram) 
Failure of nonoperative treatments for at least 6 weeks in the absence of progressive neurologic 
deficits 

Contraindications for ACA include 
Allergy to any component. metal or plastic, appearing in the desired implant 
Active local or systemic infection 
Osteoporosis with T score <-2.5 
Moderate to advanced spondylosis with bridging osteophyte& 
Disc collapse greater than 50% of its normal height 
Absetwe of motion at desired level of implantation 
Marked cervical instability defined by greater than 3 mm of translation on flexion/extension radio
grapba and/or more than 11 degrees of angulation at the disc space as compared to adjacent levels 
Significant kyphotic deformity 
Multiple levels requiring treatment 

With the above guidelines in mind, it is up to the individual surgeon to determine the appropriate 
indication for surgery. 

PREOPERATIVE PREPARATION 

The most important part of preoperative planning ill making an accurate diagnosis. A detailed history 
and physical exam are essential to planning an appropriate surgery. 

The patient should be examined for signs of radiculopathy a.s exhibited in Table 3-1. Fmd
ings consistent with myelopathy including a positive Ho:ffirumn reflex, positive Babinski sign, 
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TABLE 3·1 Radicular Patterns 

DiecLivel NerwRGot RellaMn..,..itJ Molar Wealcne• Sen.-, DeficitiPiin 
Dlslrlllullan 

C3-C4 C4 Supraclavicular region 
C4-c5 C5 Deltoid Lateral aspect of the ann 
C5-c6 C6 Diminished biceps reflex Wrist extensors Index finger and thumb 
C6-c7 C7 Diminished triceps reflex Triceps Middle finger 

spasticity, clonus, gait instability as well as motor weakness, sensory deficits, and bowel and bladder 
dysfunction should also be noted. 

Baseline anteroposterior (AP) and lateral x-rays can be helpful in identifying overall alignment as 
well as instability or spondylosis. For those patients contemplating a possible surgical intervention, 
advanced imaging with CT/CT myelogram or MRI is required (Fig. 3-1). 

Careful review of diagnostic information including history, physical exam. and electrodiagnostics 
(as applicable), in conjunction with advanced imaging is Jrey. An appropriate diagnosis and good 
surgical technique will yield a superior outcome to a technically perfect surgery for the wrong indi
cation. 

Once the decision for surgery has been made, further preoperative planning should occur. The 
surgeon should measure the width and depth of the disc space endplates to allow for appropriate 
implant sizing. Some companies have templates available to size their proprietary implant. 

TECHNIQUE 

The majority of the initial steps in ACA are similar to ACDF. General endotracheal anesthesia 
is induced with the endotracheal tube taped in the corner of the mouth away from the approach 
side of the neck. The patient is transferred supine on the radiolucent portion of an operating table. 
The radiolucency of the operating table is essential in ACA since both AP and lateral x-rays must be 
obtained using C-arm. fluoroscopy. For those surgeons who prefer intraoperative electtophysiologic 
monitoring, electrodes can be placed once the patient is transferred to the operating table. Support 
the natural/neutral position of the neck using a small neck roll or towel beneath the posterior neck 

B 

FIGURE 3·1 
MRI images revealing a large central herniated disc at C6-C7 level (arrows) with minimal degeneration at other 
levels in sagittal (A) and axial (B) images. 
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C.arm moni1or 

and shoulders. The additional support will help to minimize any potential movement during the 
procedure. The overall position of the head and neck is important. verifying correct neutral position 
in all planes (flexion/extension, lateral bending, rotation) (Fig. 3-2). An AP fluoroscopic image is 
obtained at this point to verify that the patient is rotationally neutral. Once the position of the head/ 
neck has been optimized, the head is secured to the table using a strap or tape. Traction is not rec
ommended as it will provide a distracting fotee on the neck that may cause the surgeon to oversize 
the implant. 

AP and lateral fluoroscopic images should be obtained after securing the head position to verify 
that the disc space of interest and the respective vertebral bodies are clearly visible on both projec
tions and that the head has not moved. If the shoulders are obscuring the lateral view, traction can 
be applied to the shoulders using wide tape or other devices to pull the shoulders more distally and 
out of the view of the lateral image. Any time additional traction is placed on the arms, caution 
must be exercised to avoid undue pressure on the brachial plexus, especially if the head is already 
secured. 

The patient is then prepped and draped in the usual sterile fashion. Either a standard left-sided 
approach or right-sided approach is acceptable. We prefer the left-side approach where the anatomy 
of the recurrent laryngeal nerve is more predictable. The transverse incision, curved in line with 
Langer's lines, can be placed via common landmarks (Thble 3-2) or by taking a fluoroscopic lateral 
image with a radiopaque object (Kelly clamp) placed on the skin. Once the incision is localized, the 
skin ill incised with a knife. An insulated monopolar electrocautery is then used to cauterize through 
the fat to reach the underlying platysma. The platysma is incised with electrocautery in line with the 
incision. The surgeon then must identify the medial border of the sternocleidomastoid muscle and 
proceed medial to it. The carotid sheath is palpated with a finger to feel the carotid pulse and the 
sheath retracted laterally. Medially, the esophagus and trachea are pulled across the midline using 
blunt handheld retractors (Fig. 3-3). The prevertebral fascia and longus colli overlying the anterior 
cervical spine are identified. Once the anticipated disc level is identified, a small disc marker ill 
inserted into the disc. A lateral radiograph is then tabm. to verify the appropriate level. The surgeon 
can adjust proximally or distally as need be to be operating on the correct level disc. Once the cor
rect disc is identified on x-ray, the disc ill marked with the electrocautery or knife to remove a small 
portion of that disc. If crossing vessels are encountered (superior or inferior thyroid), they may be 
cauterized carefully using bipolar electrocautery and divided. 

The above procedure is universal to all major cervical disc arthroplasties in the United States. Below 
we will describe the procedure for the Synthes ProDisc-C (Synthes USA, Inc., West Chester, PA) 

DIICl.nel 

C3 
C4-C5 
C6 

TABLE 3-Z Anatomic Landmarks 

Anlllamlc a.dmalk 

Hyoid bone 
Thyroid cartilage 
Cricoid cartilage 
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FIGURE 3-2 
Positioning for surgery 
for a left-sided anterior 
approach. 
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FIGURE 3-3 

Handheld retractors 
are used to retract and 
protect the trachea and 
esophagus medially and 
the carotid sheath later
ally. The prevertebral 
fascia and longus co IIi 
muscles can then be 
elevated in the midline. 

FIGURE 3-4 
ProDisc-C implant. 
(© 2012 Synthes, Inc. 
or its affiliates. All 
rights reserved.) 

PART I Cervical Spine 

implant as an example (10) (FJ.g. 3-4), but other popular arthroplasty devices such as the BRYAN 
Cervical Disc System (Fig. 3-5) or the Prestige Cervical Disc (Fig. 3-6) (Medtronic, Inc., Minneapo
lis, MN) will have similar procedures and their individual technique manuals should be consulted 
for specific details. 

The prevertebral fascia and longus colli overlying the disc of interest are elevated. Elevation of the 
longus colli allows for improved visualization and protection of more lateral structures. A Cloward
type self-retaining retractor is placed beneath each of the longus colli in a medialllateral fashion. 
The retractor is then assembled to hold the blades in place. 
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FISURE 3·5 
BRYAN Cervical Disc. {Images pro
vided by Medtronic, Inc.) 

AP fluoroscopy i.a then brought in to identify the precise midl.ine of the spine. A mark i.a placed 
on the superior and inferior vertebral bodies. which will remain in place throughout the operation. 

Retainer screws are placed in the midline using lateral fluoroscopy to keep the screws parallel to 
the operative disc space. The retainer screw in the superior body should be placed in the superior 
one-third of the superior body, and the inferior screw should be placed in the inferior one-third of the 
inferior vertebral body. This will allow for adequate working room for milling at the disc level later 
in the operation. The trajectory of the screw is determined by the starter awl that is used to perforate 
the anterior oortex and create the trajectory of 1he screw using fluoroscopy. Once the path has been 
created. a 3.5-mm retainer screw can be inserted under fluoroscopy to a depth where the posterior 
cortex is engaged. The process is repeated for the screw in the inferior vertebral body. The retainer 
is then placed over the two screws and locked into place using set screws on the top of the retainer 
(Fig. 3-7). The disc space can be pretensioned using the .retainer but should not be distracted. The 
retainer is not intended to distract the disc space. 

FIGURE 3·8 
Prestige implant. {Images provided by 
Medtronic, Inc.) 
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FIGURE 3·7 
Artist's representation 
of lateral view with 
retainer in place. 
{© 2012 Synthes, Inc. 
or its affiliates. All 
rights reserved.) 

FIGURE 3·8 
With the self-retaining 
retractor in place, a 
standard discectomy 
can be performed. 

PART I Cervical Spine 

The swgeon now completes a preliminary discectomy in the usual fashion by creating an 
annulotomy with a knife and using small curettes, Kerrlson punches, to remove the disc material 
(Fig. 3-8). Once the disc space is relatively clear, the vertebral distractor is inserted to the back of the 
vertebral bodies. The disc space is now disttacted using this tool and the retainer locked in place to 
hold this distraction. With the disc space distracted, the discectomy can be fully completed posteri
orly, the segment mobilized, and foramen decompressed. A micro nerve hook can be used to ensure 
that no disc fragments are behind either of the two vertebral bodies or in the foramina. The posterior 
longitudinal ligament may be removed if the pathology necessitates this step. Care should be taken 
to not disrupt the endplates as exposure of bleeding cancellous bone will make the disc space more 
osteogenic and possibly may increase the risk of heterotopic ossification. 

With the discectomy complete, implant trials are inserted after which any tension on the retainer 
is released. The size of the implant can be estimated from preoperative CT or MRI images, or using 
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A B 

FIGURE 3·9 
A: Artist's representation of ProDisc-G trial in place. B: Fluoroscopic images of ProDisc-G trial in place.{© 2012 Synthes, 
Inc. or its affiliates. All rights reserved.) 

intraoperative calipers. These measurements tue only guidelines, and an intraoperative trial should 
be completed. The trial should cover as much of the smaller vertebral body as possible and have 
a height consistent with adjacent unaffected levels. Implant sizing should be checked on AP and 
lateral fluoroscopy to verify that the posterior portion of the trial is flush with the posterior vertebral 
bodies (Fig. 3-9). 

Keel cuts may be created in the vertebral bodies using either a chisel or a powered mill. We 
prefer the mill all it applies less force to the spine to make the keel cut and reduces the risk of pos
terior vertebral body fracnlre8 while using the chisel. The milling guide is seated over the trial and 
tightened into place. The surgeon should verify that the trial and milling guide are in the precise 
midline on an AP fiuoroscopic image. Once verified, a sbaip retaining pin should be placed in the 
inferior hole of the milling guide for additional stability. The powered mill can be then inserted into 
the superior hole. Once the mill bit reaches the anterior cortex, power is given to the device and the 
mill is plunged until it stops into the vertebral body towanl the disc space all much all the guide will 
allow. The mill is then angled away from the disc space and then rettacted slowly to cut the channel 
in the bone (Fig. 3-1 0). The temporary sharp pin is removed from the lower portion of the guide 
and a blunt retaining pin is placed to the channel just created superiorly, and the milling process is 
repeated through the inferior hole in the guide. 

Once both channels have been cut, lateral fluoroscopy is used with the keel cut cleaners to remove 
any additional bone from the channel and to also verify depth of the keel cut (Fig. 3-11 ). Irrigate the 
disc space to wash out any bone shavings or residual soft tissue from the discectomy. 

The appropriately sized implant as determined by the trial is opened and attached to the inserter 
(Fig. 3-12). The implant is moved into place, making sure to line up the lreels on the implant with the 
keel cuts in the bone. Also, care must be taken to put the implant in the correct orientation with the 
word "UP'' on the superior portion of the disc space. The implant should be impacted until it is flush 
with the posterior vertebral body on a lateral fluoroscopic image (Fig. 3-13). The implant should 
not be placed past the posterior extent of the keel cut. Once the surgeon is satisfied with the lateral 
image, a final AP image is taken to confirm placement in the midline (Fig. 3-14). 

The retainer screws are removed, and bone wax is placed in the holes. Any bleeding cancellous 
surfaces should be covered with bone wax to create an euvironment less amenable to bone forma
tion. The wound should be copiously irrigated to decrease the risk of infection and heterotopic ossi
fication. The Cloward-type retmctors are then removed and exchanged for handheld right-angled 
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FIGURE 3·12 

FIGURE 3·10 
Keel cut with mill in superior vertebral 
body and stabilizing pin in inferior 
vertebral body. {2012 Synthes. Inc. or 
its affiliates. All rights reserved.) 

FIGURE 3·11 
Verify keel depths and clean the keel 
cuts using the keel cut cleaner. (2012 
Synthes, Inc. or its affiliates. All rights 
reserved.) 

B 
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A: Verify that •up• on the ProDisc-G implant is placed into the superior vertebral body. B: ProDisc-C implant loaded on 
inserter. (2012 Synthes. Inc. or its affiliates. All rights reserved.) 
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FIIURE 3·13 

Insertion of the ProDisc-C device. 
(2012 Synthes, Inc. or its affiliates. 
All rights reserved.) 

retractors. The esophagus must be inspected for any injury and the entire surgical field evaluated for 
adequate hemostasis. 

A drain may be placed at the surgeon's discretion. The wound is then closed by closing the 
platysma with absorbable sutures followed by routine subcutaneous and skin closure. 

PEARLS AND PITFALLS 

The most important factor in placing a cervical arthroplasty is the ability to image the operative 
segment with a C-arm and image intensifier. If this is not feasible to visualize the superior end
plate of the proximal vertebrae and the inferior endplate of the inferior vertebrae, then the cervical 
arthroplasty should be aborted and an anterior cervical fusion perfmmed. To optimally place the 
implant. it is important to make sure that a true AP and lateral C-arm images are obtained. This 
is best done by looking at the uocovertebral joints bilaterally and centering these as opposed to a 

FIIURE 3·14 

Artist's representation of the 
ProDisc-C implant placed in the 
precision midline in the AP plane. 
(2012 Synthes, Inc. or its affiliates. 
All rights reserved.) 

45 



46 

A 

FIGURE 3·15 
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spinous process that might not be completely in the midline, on the AP view. The lateral view should 
also be meticulously aligned. If the operative segment has anterior or posterior osteophytes that have 
to be removed with a high-speed burr, it is again best to abort the total disc arthroplasty and proceed 
to fusion. The bone dust created by the burr may be a factor in development of heterotopic ossifica
tion. Also, if the space ia Il8ITowed enough to require a burr to widen out the endplates, then there 
is not enough room to allow for placement of a cervical arthroplasty. If the two operative endplates 
cannot be adequately placed parallel one to another, then the arthroplasty may end up being placed 
in a "fish-mouthed" position. This then places the prosthesis in extension and may limit both the 
flexion and extension of the arthroplasty. It is important to have an adequate size footplate to cover 
the cortical rim of the vertebral bodies. If too small an implant is placed, this may allow for subsid
ence. When the surgeon is faced with deciding between two sizes of an arthroplasty as far as height 
is concerned, it is prudent to choose the smaller size. Placi:ng an arthroplasty that is "too tight'' in 
height will limit range of motion. It ia also important to restore the center of rotation of the vertebral 
segment This requires that the arthroplasty be placed as posteriorly as possible. In the case of the 
ProDisc-C cervical disc arthroplasty, the footplate needs to be placed to the posterior cortical rim. 
This prevents the center of rotation being placed too far anteriorly and therefore overloading the 
facet joints. At the end of the procedure, it ia imperative to obtain meticulous hemostasis, to mini
mize the risk of heterotopic ossification. This requires extensive use of bone wax applied to all bony 
surfaces and use of any other hemostatic agents as determined by the surgeon. 

POSTOPERATIVE MANAGEMENT 

If a drain was placed, it ia usually removed the morning of postoperative day 1. The patient ia 
insbucted in basic neck exercises to promote motion and reduce stiffness. A soft collar can be worn 
for comfort. No strenuous activity should be undertaken before follow-up in 2 to 3 weeks for suture 
removal and wound check. Additionally, prophylaxis for heterotopic ossification ia reasonable if 
feasible. We give our patients without risk factors for intolerance to nonsteroidal anti-inflammatory 
medications indomethacin sustained-release 75 mg PO b.i.d. for 3 weeks. 

Routine follow-up radiographs are taken at 6 weeks, 3 months, and 1 year to verify position of 
the implant (Fig. 3-15). 

B 

A: Post-op AP x-ray. B: Post-op lateral x-ray. 
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COMPLICATIONS 

Anterior cervical arthroplasty has the same intraoperative risks as does anterior cervical discectomy 
and fusion. The FDA investigational device exemption (IDE) studies of Prestige, Bryan, and 
ProDisc-C arthroplasties did not show any different complication profiles for arthroplasties versus 
the control fusion patients (4,8,9). There were neither any major neurologic complications among 
the arthroplasty patients nor any problems specific to the device insertion. There is the potential risk 
of accelerated wear of the arthroplasty secondary to malpositioning. Due to the overall short follow-up 
period of these studies, wear problems have not been proven. There have been case reports of early 
osteolysis of the vertebrae adjacent to the implant. One patient had an early explanation and fusion 
due to osteolysis. When no significant wear debris was found, speculation to the cause centered on 
an immune-mediated response (13). 

The risk of dysphagia in arthroplasty patients has been shown to be lower than in fusion patients 
(12). Heterotopic ossification has been reported in all arthroplasty studies, with the rates of hetero
topic ossification (HO) occurring in up to 71.4% of cases (6,7,14). While HO occurs, over 90% of 
patients maintain at least 3 degrees of motion at the operative site. There also have been no adverse 
effects on the clinical outcomes in patients who develop HO. 

RESULTS 

The clinical results of anterior cervical arthroplasty come primarily from the US FDA IDE trials; 
these randomized multicenter studies were designed as noninferiority studies. The trials of Pres
tige ST, Bryan Cervical Disc Replacement, and ProDisc-C represent level 1 clinical data. Mum
maneni et al. reported on the Prestige ST trial. All clinically evaluated parameters in Short Form 36 
(SF-36), Visual Analogue Scale (VAS), and Neck Disability Index (NDI), improved from base
line and comparably to fusion. Overall success (NDI improvement greater than 15 points, mainte
nance of neurologic status, and absence of implant-related adverse events) occurred in 79.3% of the 
arthroplasty patients versus 67.8% in fusion patients (8) ProDisc-C IDE results were evaluated in a 
paper by Murrey et al. Both the arthroplasty patients and the fusion patients improved similarly; the 
ProDisc-C patients showed a much lower reoperation rate (1.8%) versus fusion (8.5% ), (p = 0.033) (9). 
Bryan Cervical Disc Replacement IDE results reported by Heller et al. ( 4) demonstrated statistically 
significant improvement in the VAS and NDI scales as well as overall success at 2-year follow-up 
in the arthroplasty group (4). 

The early overall clinical results of anterior cervical arthroplasty are promising. Whether cervical 
arthroplasty can diminish adjacent segment degeneration and have acceptable rates of wear long
term are questions to be answered by future studies. 
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Cervical 
Vertebrectomy 
and Plating 

William Ryan Spiker and Darrel S. Brodke 

INDICATIONS 

Cervical vertebrectomy (also known as corpectomy) and plating is indicated for patients with ante
rior compression of the cervical spinal cord and exiting cervical nerve roots. It is an alternative to 
multiple level di.scedomy and interbody fusion and is uniquely well suited to .relieve cord com
pression occurring not only at the disc level but also behind the vertebral bodies (e.g., disc hernia
tion fragment). Common indications for vertebrectomy and plating of the cervical spine include 
degenerative cervical spondylotic myelopathy (without hyperlordosi.s), traumatic fractures and dis
locations, congenital cervical stenosis, ossification of the posterior longitudinal ligament (OPLL), 
tumors, and infections. 

CONrnAINDICATIONS 

Anterior cervical exposures should not be attempted in the face of severe anterior neck trauma with 
tracheal or esophageal injury that precludes safe access to the spine. Similarly, careful consideration 
is necessary when placing hardware in the infected patient. Anterior surgery should be avoided 
when in the setting of posterior sources of neural compression such as hyperlordosiB or ligamentous 
infolding. Diminished bone quality from osteoporosis or metastatic disease may lead to graft failure, 
subsidence, migration, or kyphotic collapse. Relative contraindications that carry increased risk of 
complications include poor nutrition (albumin and prealbumin levels), bleediDg disonier, aberrant 
vertebral artery anatomy, smoking, history of previous nonunion, advanced age, and inability to fol
low postoperative activity restrictions. Additionally, anterior corpectomy of more than two vertebral 
bodies with a strut graft (with or without plate) has a high nonunion rate with increased risk of graft 
or plate dislodgement and often necessitates additional posterior stabilization (9). 

PREOPERATIVE PREPARATION 

History and Physical 
As always, preoperative preparation begins with an accurate and thorough history and physical 
examination. 

• Key historical facts include duration, severity and timing of symptoms, symptoms of myelopathy/ 
radi.culopathy, exacerbating and mitigating factors, and results of previous treatments. 

• Key physical examination findings include inspection of cervical alignment (lordosis vs kypho
sis), evaluation for anterior neck scars, upper ex1remity examination to rule out peripheral causes 
of symptoms, cervical spine range of motion, and detailed neurovascular exam of upper and lower 
extremities including strength, sensation, reflexes, and assessment of long-tract signs. 
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Patient Education 

Patients should be extensively counseled regarding the goals of surgery and the specific risks of 
surgical intervention. Managing postoperative infections, persistent pain, numbness or weakness, 
decreased range of motion, and other complications are made easier when these topics have been 
broached preoperatively. 

Radiology 
Radiographic evaluation begins with plain radiographs, including flexion and extension views and a 
long spine film in patients with a deformity on examination or initial radiographic views. MRI pro
vides excellent visualization of the soft tissues, including the spinal cord and exiting nerve roots. The 
course of the vertebral arteries should be confirmed on every preoperative MRI to minimize risk of 
intraoperative injury. In cases with severe deformity, tumor resection, or difficult revisions, angiog
raphy can be used to more clearly understand the course of the vertebral arteries and their branches. 
Preoperative occlusion of the artery may be beneficial in specific patients. cr myelography can also be 
used to identify neural structure impingement with the advantage of improved visualization of bony 
structures (important in OPLL) and decreased scatter from previously placed hardware. 

Graft Choices 
Preoperative planning for vertebrectomy includes determination of the size and type of bone graft 
to be used for anterior column reconstruction. Autologous iliac crest bone graft is an option for one 
or sometimes two-level vertebral body resections, while auto or allograft fibula grafts are usually 
preferred for larger reconstructions. Consideration for supplemental posterior fixation is important 
in three-level vertebrectomies and high-risk patients (history of smoking, osteoporosis, kyphotic 
deformity, etc.) to minimize risk of pseudarthrosis. Due to the high union rates in circumferential 
(anterior and posterior) fusions, allograft is often used for anterior column support in these cases. 

An alternative to allograft bone for anterior column support after vertebrectomy is the placement 
of a cage or spacer made of titanium, ceramic, carbon fiber, or poly-ether-ether-ketone (PEEK). 
These have the advantage of strength and easy of placement, while potentially adding significant 
cost to the case. 

TECHNIQUE 

(Fig. 4-1) 

• Large fluoroscope--off of the upper right hand comer of the OR table 
• Surgical microscope--off of the lower right hand comer of the OR table 
• High-speed air drill-at foot of OR table--opposite of scrub tech 
• Skin preparation: chlorhexidine (+/-alcohol pre-prep) 
• +1- Loupe versus microscope 

Positioning 

• Know preoperative cervical range of motion-discuss possible nasotracheallfiberoptic intubation 
if poor range of motion 

• Discuss role of total IV anesthesia to allow measurement of somatosensory and motor evoked 
potentials. 

• Supine position, arms tucked to side 
• Head straight or rotated slightly away from side of surgical approach 
• Pad between scapula to obtain desired extension. Care must be taken to avoid hyperextension in 

the myelopathic patient. 
• Wide cloth tape can be used to pull down on the shoulders to increase fluoroscopic visualization 

of the caudal cervical spine (C6--Tl). Care should be taken to avoid overly aggressive retraction 
and brachial plexus injury 

• Mark desired level of incision with fluoroscopic guidance prior to skin preparation 

Traction 

• Intraoperative traction to stabilize spine during vertebrectomy is particularly important in patients 
with myelopathy and unstable fractures. This may also limit Ligamentum Flavum infolding and 
cord compression with positioning. 

• Head halter traction can be used for single-level resections 
• Gardner-Wells tongs can be used with single- or multilevel resections 
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Anesthesiology 
equipment 

Surgical 
assistant 

Anesthesiologist 

Instruments 

Scrub nurae 

FIGURE 4·1 

Room setup. 

• Halo ring traction can be used if the patient is going to be in halo-vest immobilization postopera
tively (attach the vest at the conclusion of surgery) 

• 10 to 15 pounds of traction is used to stabilize the spine, can be increased as necessary during 
placement of the graft 

Graft Harvest 

• lliac crest: small bump under crest 
• Fibular autograft: bump under ipsilateral hip, thigh tourniquet 

Approach 

Incision (Fig. 4-2) 
• Historically, left-sided approach is prefetred for the lower cecvical spine due to more predictable 

course of the recurrent laryngeal nerve. However, the side of approach is often chosen 
contralateral to the decompression (if one side is worse than the other) to ease deep access and 
visualization. 

• Revision ca&e3: important to note function of recurrent laryngeal nerves 
• Approach from the same side as prior surgery, laryngoscopy optional 
• Approach from the contralateral side, direct laryngoscopy and vocal cord visualization should 

be performed to rule out unilateral (potentially asymptomatic) vocal cord paralysis preopera
tively. 

• If laryngoscopy reveals normal vocal cord motion-contralateral approach allows dissection 
through native tissue and likely less risk of trachea, esophagus, and neurovascular iDjwy 

• H laryngoscopy reveals abnormal vocal cord motion-approach through previous surgical 
incision to avoid risk of bilateral nerve injuries 

• Transverse inci.s.ion allows exposure for up to four-level vertebrectomy and provides a signifi
cantly better cosmetic result 

• Longitudinal incision just anterior to the sternocleidomastoid (SCM) is rarely needed, but does 
allow a more extensile exposure if required. at the cost of a significantly worse cosmetic result 

• Anatomic landmarks for incision: (see Table 4-l) 
• Use preoperative imaging to confirm correlation oflandmarks and levels 
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FIGURE4-2 
A: Transverse skin inci
sion used for anterior 
cervical exposure for 
cervical vertebrectomy. 
The dotted line shows 
the midline of the cervi
cal spine. B: A second 
photo of the transverse 
cervical incision, begin
ning 1 em right of mid
line and extending over 
to the sternocleidomas-

A 

toid musculature. B 
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Carotid sheath 
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Trachea Sternocleidomastoid m. 

c 
FIGURE 4-2 (Continued) 
C, Top: Transverse view of the cervical spine through the fifth cervical vertebra. The arrows denote the anterior approach 
through the platysma. medial to the carotid sheath and lateral to the trachea, esophagus, and thyroid. C, Bottom: The view 
shows the complete exposure of the cervical spine with the retractors underneath the longus co IIi musculature. 
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FIGURE 4·3 
Axial neck drawing with 
dissection plane and 
drawing of surgical dis
section from surgeon's 
viewpoint. 

PART I Cervical Spine 

TABLE 4-1 Superficial Anatomic Landmarks of the Cervical Spine 

C-lplne Lnel 

C3-C4 

C4-C5 

C5-C6 

C6 

C6-C7 

Hyoid bone; two linger breadths below mandible 

Thyroid cartilage 

Cricoid cartilage 

Carotid tubercle 

Two finger breadths above the sternal notch 

Dissection (Figs. 4-3 and4-4) 
Platysma can be incised horizontally or vertically 

We incise horizontally along the length of the wound, after blWIIly di.rsecting it from deep 
structures, without preplatysmal dissection, which improves wound closure. 

Underlying superficial cervical fascia can be separated off of the deeper SCM and anterior jugular 
vein with Metzenbaum scissors, usually bluntly 
Vein can be ligated with suture if necessmy, but is usually retracted 
Cranial and caudal subplatysmal release of anterior cervical fascia is key to a wide exposure 

SCM is retracted laterally, and the omohyoid is often seen traversing the field 
Carotid sheath is palpated with index finger (contents =carotid artery, internal jugular vein, and 

vagus nerve) 
Interval directly medial to SCM/carotid sheath is developed bluntly, and a Cloward or Richardson 

retractor is used to retract the trachea, esophagus, thyroid, and other anterior neck structures medially. 
Digastric and stylohyoid muscles can impede exposure of upper cervical spine; omohyoid can 

impede visualization of middlellower ceiVical spine 
'lb.ese muscles can usually be retracted. but can be divided if necessary 

Crossing veins (superior and middle thyroid) and small nerves (deep ansa cervicalis) are retracted 
as necessary. 

Pretracheal fascia split bluntly with Kittner dissector, allowing visualization of anterior surface of 
the cel'Vical spine 

Thyroid 
cartilage 

Sternocleidomastoid 

lntemal jugular vein 
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FIGURE 4-4 

Photo of dissection with retractors 
in place. 

Prevertebral fascia can be dissected off the oenter of the vertebral bodies blundy with a Kittner or 
sharply with scissors or electrocautety revealing the longus colli muscles, anterior longitudinal 
ligament (AIL), and anterior surface of the vertebral bodies 

KEY-Obtain a lateral fluoroscopic image with a hemostat clamped on the AIL directly overlying 
a disc space or with a spinal needle within the disc to confirm level 

Carefully dissect the longus colli muscles to the lateral border of the vertebral bodies with 
electrocautery or a Freer diBsector to allow full exposure of the uncovertebral joints during 
decompression 
Vertebral arteries are usually lateral and deep to this dissection 
Penfield elevator can be used to palpate the transverse processes and provide an estimation of the 

depth and width of the vertebral body 
Dissection should proceed superficial to the transverse process 

Rem.ceor PlacemenJ 
Wide, smooth-edged, or small-toothed medial/1ateral retractors should be placed first and must be 

below the longus colli muscles to avoid damage to the overlying sympathetic chain 
Sharp-edged long-toothed retractors should be used with care as they can damage the esophagus 

medially and the carotid sheath laterally 
Narrow retractors can slip between the transverse processes and damage the vertebral artery 

Place Caspar distraction posts (14 mm length) into the vertebral bodies above and below the corpc» 
to.my level(s) to provide local :retraction. 
Distractor pins can be placed in a diverging alignment to reduce kyphotic deformity if present 

Cephalad/caudad retractors should be avoided, as they increase the risk of postoperative dysphagia; 
the distractor posts are often enough to hold cranial and caudal tissues 
If exposure is inadequate, consider more aggressive fascial release 

Confirm adequate exposure, should be able to visualize lateral border of all vertebral bodies to be 
resected uncovertebraljoints and intervertebral discs at every level of resection. 

NOTE: If wanting to dillaect more laterally (unde.r longus colli) to confirm boundaries of the 
vertebral body, it is safe to perform this at vertebral body level where there is bony protection of the 
vertebral artery, rather than at disc level where the vertebral artery is exposed (Fig. 4-S). 

DecompressionNertebrectomy (Figs. 4-5 and 4-6) 

Review the course of the vertebral arteries (again) 
Begin with discectomy at the cranial and caudal extent of the planned resection 

Complete discectomies should all be performed prior to vertebrectomy- this allows for knowl
edge of depth and identification of the uncovertebral joints that mark the lateral boundaries of 
the planned carpectomy 

Remove posterior osteophyte& to clearly visualize the uncovertebral joints bilaterally at every 
involved level 
Confirm adequacy of foraminotomies by passing a nerve hook just anterior to the exiting nerve 

root through the foramen 
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FIGURE4-6 
A: Sagittal image with 
burr at corpectomy 
level. B: Sagittal 
image with forward 
angle curette/pituitary 
rongeur. 

FIGURE 4-5 
Axial image of planned bone resec
tion. (Reprinted from Sherk HH. The 
cervical spine: An atlas of cervical 
procedures. Philadelphia, PA: JB 
Lippincott, 1993. Illustrator: Bernie 
Kida, with permission.) 
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Mark planned resection with electrocautery or high-speed burr 
Use uncovertebral joints to center resection 

Debulk ventral vertebral bodies with rongeur 
Resect vertebral bodies with high-speed burr using uncovertebral joints at the cranial and caudal disc 

spaces to determine width of resection 
Width should be between 15 and 18 nun to accommodate graft 
Thrombin-soaked collagen power or sponges can be used to control bleeding from bone surface 
Remove the posterior cortical bone of vertebral body with small anterior-angled curette, high-

speed burr, or 1- or 2-mm Kerrison rongeur 
Leave a thin shell of the posterior wall attached to the posterior longitudinal ligament to avoid 

dural tear in patients with OPLL 

NOTE: In OPLL, because the posterior longitudinal ligament cannot always be dissected off of 
the underlying dura, a small bone island over dura can be left behind; it will float up as decompres
sion is completed. 

This dissection can be difficult, and a skin hook can be used to pull the posterior longitudinal 
ligament away from the cord, which is released with a fine curette. A modified valvulotome 
can be used for this dissection (modified by a change in handle). This has a small ball tip for 
dissecting and a sharp cutting blade behind the ball that can be used by pulling back on the 
instrument. 

Graft Preparation (Figs. 4-7 and 4-8) 
Docking sites for the graft are created with a high speed burr-flatten the endplates to smooth 

punctate-bleeding cortical surfaces (remove all cartilage). 
NOTE: Leave rim of cortical bone to provide stability to graft 
NOTE: Remove anterior osteophyte at the superior endplate of the caudal vertebral body to avoid 

placing graft too anterior 
Measure the bone defect with surgical calipers, a ruler, or an 18-gauge wire 

Measure distance between endplates, as well as width and AP depth of defect 
Obtain donor graft (fibula, iliac crest, allograft) at least 5 mm longer than measured defect. 

iliac crest: after safe dissection to the crest, an oscillating saw is used to resect a tricortical graft 
(larger than defect in length and width) 

iliac crest curvature can make it difficult to use when more than two vertebral bodies are removed 
Anterior cortex of iliac crest graft is used to recreate the posterior vertebral body wall 

Fibula: after safe dissection, an oscillating saw is used to resect a section of fibula (longer than 
defect) 

Trim to final dimensions with saw, high-speed burr, or small rongeur 
Graft is held with Kocher clamp and placed with the assistance of up to 30 to 40 pounds of cervical 

traction and gentle tapping with a bone tamp. 
Traction is released, and the graft is checked to ensure stability 

Kocher clamp can be used to gently pull on graft to verify fixation 
AP and lateral fluoroscopic views to ensure proper graft placement 

Plating (Figs. 4-9 and 4-10) 
Anterior cervical plates for single or two-level vertebrectomies 
Anterior plating for three or more level vertebrectomies is controversial because the forces from 

the longer lever arm may dislodge the plate and graft, causing more complications than graft 
dislodgement alone 

Identify midline using anatomic landmarks to place the plate directly in midline (use fluoroscopy 
if needed) 

Review preoperative imaging to measure the room available for screws in both the cranial and 
caudal vertebral bodies. Set the stop guide on the drill to the maximum screw length (usually 
14 to 16 nun). 

Choose the shortest plate that will span vertebrectomy to minimize risk of damaging adjacent levels 
during plating 

Remove anterior osteophytes with rongeur or high-speed burr to ensure that plate sits Hush against 
vertebral body 

Hold plate in midline with a holding pin as the first screw is placed at the cranial and then caudal end 
(without final tightening of these screws) 

Place the remaining screws and tighten all screws to "2-finger" tightness, so as to avoid stripping 
Confirm the screw locking mechanism of the implant chosen 
Fluoroscopy: AP and lateral views confirm position and alignment 
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FIGURE 4-7 
Sagittal drawing of grait 
positioning following 
multi level carpectomy. 
A: Graft positioned 
cranially and tamp 
positioned to fit cau
dally. B: Graft in correct 

A 

Graft positioned at 
center of vertebral body 

position at both ends. B 
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A 

FIGURE 4·9 

Graft placement too anterior 
at osteophyte 

A,B: AP and lat XR of well-placed plate placed correctly. 

B 

59 

FIGURE4·8 
Anterior placement 
of strut graft due to 
incomplete removal of 
osteophyte. 
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FIGURE 4-10 
Anterior osteophyte limiting screw pur
chase. 

Closure 

PART I Cervical Spine 

Ensure completely dry wound at closure. Use bipolar electrocautery along the longus colli muscles. 
If not completely dry, place a suction drain. 

Platysma and subcutaneous tissue can be closed together with interrupted stib:hes of 3-0 dissolvable 
suture 

Skin is closed with a running subcuticular stiwh. using 3-0 or 4-0 dissolvable suwre and Steri.-Strips, 
or with topical skin adhesive 

Special Notes 

Anterior Cetvical Plate Fixation The design of anterior cervical spine plates has evolved 
from standard nonlocked plates to rigid plates with locking screws to variable-angle screws to 
dynamic plating with either slotted plates to allow for compression through translation of the screws 
in the plate or plates that ttanslate by internal mechanism. Dynamic fixation may allow more load 
sharing through the graft to decrease the risk of hardware failure and increase fusion rates. 

Autograft versus Allograft versus Cages versus Cementation 

Although it does carry donor site morbidity, autologous iliac crest bone grafting is a valid option for 
one- or two-level vertebrectomies. With larger defects, fibular auto- or allograft provides appropriate 
graft dimensions with minimal fashioning of the graft. The increased healing potential of autograft 
is often overshadowed by the donor site morbidity and the fact that posterior stabilization in these 
large defects minimizes any effect of bone graft choice on final functional ouwome. 

Several different types of cages have recently been introduced for reconstruction after anterior 
cervical vertebrectomy with the proposed benefit of immediate anterior column stability without 
donor graft site morbidity. The most commonly used are titanium mesh cages, ceramic cages, PEEK 
cages, and carbon-fiber reinforced polymer cages. Although well-designed prospective studies are 
lacking, all appear to have excellent fusion rates with acceptable subsidence and similar short-term 
ouwomes (4). 

PMMA cement constructs with or without Steinmann pins or screws for additional fixation 
(not FDA approved for this use) can be employed successfully for anterior column reconstruc
tion in patients with metastatic cervical spine disease to provide immediate stability without donor 
site morbidity. PMMA cementation does not allow for bony healing and is thus best suited for 
patients with life expectancies less than 6 months (7). (Sayama, Schmidt, Bison Cervical Spine 
Metastases: tech) 

PEARLS AND PITFALLS 

Review location of vertebral arteries on MRl preoperatively 
Mark incision under ftuoroscopic guidance to ensure proper level 
Can use transverse incisions for up to at least four-level vertebrectomy 
Intraoperative traction is optional for many cases but is particularly important in patients with 

myelopathy 
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Preoperative direct laryngoscopy and assessment of vocal cord function is necessary in revision 
cases when approaching the anterior cervical spine from the contralateral side of original 
approach 

Horizontal incision through the platysma and avoidance of extensive dissection between the pla
tysma and the skin allows the platysma and skin to be closed in one level and improves strength 
of skin closure and cosmesis 

Obtain a lateral fluoroscopic image with a hemostat clamped on the ALL directly overlying a disc 
space or with a spinal needle within the disc to confirm level 

Cephalad/caudad retractors may increase post-op dysphagia, and the distractor posts are often 
enough to hold cranial and caudal tissues 

If wanting to dissect more laterally (under longus colli) to confirm boundaries of the vertebral body, 
it is safe to perform this at vertebral body level where there is bony protection of the vertebral 
artery, rather than at disc level where the vertebral artery is exposed 

We can't always dissect bone off of the dura in OPLL, so frequently we will leave a small bone 
island over dura that can float up as decompression is completed 

Graft docking site preparation-flatten the endplates to smooth punctate-bleeding cortical surfaces 
(remove all fibrocartilage). Creating concave docking sites to improve graft stability carries a risk 
of graft subsidence since the cortical bone has been thinned and weakened. 

Use anatomic landmarks and fluoroscopy to ensure central placement of anterior plate without 
encroachment upon the adjacent level intervertebral discs. 

POSTOPERATIVE MANAGEMENT 

At the conclusion of the surgery, patients can be fit with a semirigid cervical orthosis for 6 to 
10 weeks depending on perceived stability of construct during surgery. Patients should be encour
aged to get out of bed and ambulate with PT on POD no. 0 or 1 and surgical drains are pulled on the 
first postoperative day. Postoperative pain control begins with preoperative education. Preoperative 
treatment with pregabalin and oxycontin may be considered. Postoperatively, pain treatment may 
include acetaminophen, N, and oral narcotic medications (both short and long acting), as well as 
nerve modulating medication (gabapentin). The patient should begin on a mechanically soft diet as 
it is the least likely to cause an aspiration. Some patients will have swallowing discomfort for the 
first 2 to 4 days after surgery due to retraction on the esophagus intraoperatively. Any difficulties 
with swallowing should be evaluated by a speech and swallow exam before the patient takes further 
oral intake. An appropriate bowel regiment should be started in the immediate postoperative period 
to minimize the risk of developing an ileus. 

Anterior cervical spine hematomas are rare but can progress quickly and cause airway obstruc
tion. Symptomatic hematomas must be urgently addressed by opening the incision to decompress 
the anterior neck. 

After discharge from the hospital, patients are routinely seen at 2 weeks, 6 weeks, 12 weeks, 
6 months, and 1 year. Patients are encouraged to ambulate as often as possible from the time of dis
charge, with a limited lower extremity strengthening program beginning at 2 to 4 weeks. Overhead 
lifting, cervical spine twisting, and bending are discouraged until fusion is obtained. 

COMPLICATIONS 

The complications encountered after vertebrectomy and plating range from the relatively com
mon and bothersome transient postoperative dysphagia to the rare and devastating cervical cord 
injury or dominant vertebral artery injury. Early complications can be organized based upon the 
area involved: neurologic, vascular, central neck structures (trachea and esophagus), and bone graft/ 
hardware failures. Long-term adverse effects can also be seen in the form of decreased range of 
motion, symptomatic nonunions, and adjacent segment degeneration. Once again, adequate pre
operative patient education regarding both the risks and benefits of surgery is critical to dealing with 
postoperative complications. 

Trachea/Esophageal Trauma 
Postoperative transient hoarseness and/ or dysphagia occurs in at least 5% to 10% of patients, and 
the incidence is likely higher for dysphagia. It nearly always resolves within 2 months (5). These 
symptoms are thought to be due to retraction on the esophagus, and/or trachea, intraoperatively 
and can be minimized by reducing time of retraction and ensuring that the retractors remain under 
the longus colli for the entire surgery. Some surgeons also will deflate the endotracheal cuff after 
retractors are placed and reinflate to reduce the incidence of hoarseness (1). Appropriate antibiotic 
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treatment should be initiated after any recognized intraoperative tracheal or esophageal perforation 
to minimize the risk of infection. Such patients should be followed for clinical symptoms of a 
tracheal-esophageal fistula and managed by anENT surgeon. 

Neurologic Injuries 
The most common neurologic complication after vertebrectomy and fusion is a C5 palsy, with a 
reported incidence of 0% to 17%, and nearly all patients improve over 2 to 3 months. The etiol
ogy, risk factors, and prognostic factors for this complication remain unknown. Potential causes 
include direct nerve root trauma, excessive traction of the nerve root caused by shifting of the 
cord after decompression, and ischemia caused by damage to the radicular arteries. Regardless, 
C5 radiculopathy occurs at a similar frequency after posterior or anterior cervical decompressive 
surgeries (2). 

Intraoperative damage to the sympathetic chain can lead to Horner syndrome, which is diagnosed 
based on the clinical findings of unilateral ptosis (drooping eyelid), meiosis (constriction of pupil), 
and facial anhidrosis. This occurs if dissection is carried out lateral to the longus colli muscles. 
Supportive care is adequate for transient symptoms, and a neurology consult may be helpful for 
unrelenting cases. 

• Cerebral spinal fluid leak from intraoperative dural injury is relatively rare and can usually be 
managed with a drain for 12 to 24 hours and a compressive dressing. A fibrin glue may be placed 
on the durotomy to seal the tear. Symptoms may be aided by maintaining an upright posture to 
decrease hydrostatic pressure in the cervical spine. Myelopathy and complete cord injury are 
thankfully very uncommon and can likely be minimized with spinal cord monitoring and meticu
lous surgical technique. 

Vascular 
The most feared vascular complication is the rare vertebral artery injury. Treatment options include 
local control with pressure and hemostatic agents versus direct repair or ligation. Close monitor
ing of blood pressure is critical to maintain cerebral perfusion. If a vertebral artery is suspected or 
identified, further dissection around the contralateral vertebral artery should be avoided (this may 
leave inadequate fixation that necessitates external or posterior stabilization). If local control has 
been obtained during surgery, the patient should nonetheless be evaluated by arteriography post
operatively to confirm repair or occlusion and lack of ongoing leak. 

Graft/Hardware Related 
Subsidence, migration, and frank dislodgement of the bone graft used for anterior column recon
struction can all lead to clinical symptoms and revision surgery. Similarly, failure of the anterior 
plate or screws can lead to compression of any of the anterior neck structures and often requires 
further surgical intervention. The reported incidence of graft dislodgement and hardware failure are 
each approximately 5% (8). 

Long-Term Issues 
Patients can expect to lose approximately 10 to 20 degrees of motion in all planes with each 
vertebral body removed. Reported nonunion rates vary between 0% and 28%, with an average of 
approximately 8% (8). 

RESULTS 

Long-term data have shown that anterior vertebrectomy and plating halts progressive myelopathy 
and results in clinically significant improvements in functional outcome scores (JOA score) (3). 

A recent systematic review of ACDF versus vertebrectomy and fusion for multilevel cervical 
spondylosis found that vertebrectomy resulted in increased blood loss and an increased rate of 
graft dislodgement but also increased fusion rates for both 2 and 3 disc level surgeries. They also 
found that clinical outcome scores were greater in the vertebrectomy group in three studies, simi
lar between ACDF and vertebrectomy in six studies, and no studies found ACDF clinical results 
superior to vertebrectomy (8). Two-level ACDF and single-level vertebrectomy and fusion have 
comparable results in terms of infection rates, dysphagia, sagittal alignment, cervical lordosis, graft 
subsidence, and adjacent-level radiographic deterioration (6,8). 
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Cervical 
Osteotomy 

Justin W. Miller and Rick C. Sasso 

T
echniques for spinal osteotomy have evolved over the past 75 years, and although basic 
principles remain the same, certain technical advances have occw:rod. Smith-Petersen 
et al. (7) were among the first to describe such techniques with their series of posterior 
lumbar osteotomies in 1945. LaChapelle (2) followed soon thereafter with his descri.ption 
of staged anterior and posterior lumbar osteotomies in 1946. Mason et al. (3) described 

his osteotomy of the cervical spine in 1953. 
In 1972, SimmoDB (6) popllarized the idea that cervical osteotomy oould be pedonned in 

ankylosing spondylitis (AS) patieDts under local anesthesia with continuous neurologic monitoring. 
Urist (8) is credited with first describing this awake-sitting technique under local anesthesia in 1958. 
Uriat also rec:ommended that 1be osteotomy occm at the C7-Tl jlUICtion if possible. Thete are several 
benefits of perlomring the osteotomy at the cervicothoracic junction: (a) the spinal canal is relatively 
wide with more space available for the neural ele.ments, (b) damage to 1be cord and/or nerve roots at 
this level would be les8 catastrophic than if in the midcervical. region. and (c) the risk of injuring the 
vertebral arb:.ry i.a I.ess, 118 the arb:.ry typically passes anterior to the tnmsvcne proceS8C8 in this region. 

Simmons (6) advocated a posterior wedge-shaped osteotomy to perform the correction. Removal 
of the lamina and spinous processes from C6 to Tl i.a done. Facetectomies are performed bilaterally 
to widely expose the C8 nerve roots. The head i.a extended in order to perform an osteoclasis of the 
anterior and middle columns of the cervical spine with the instantaneous axis of rotation at the base 
of the C7 pedicle. This causes lengthening of the anterior spine while the posterior elements are 
shortened. No instrumentation was used, and a halo was applied until fusion occurred. This tech
nique wu usociated with a 4% mortality and 2% incidence of nerve root lesions. 

Bohlman (1) expanded on Simmons' cervical osteotomy technique with the addition of instru
mentation to stabilize the cervical spine after the osteotomies were performed. Bohlman utilized 
a small Luque rectangle with Drummond wires and buttons supplemented by autograft. Patients, 
however, were still immobilized postoperatively in halo vests. Like Simmons and Urist, Bohlman 
preferred to perform his osteotomy at the C7-Tl junction. 

In order to limit the possibility of sagittal 1ranslation during the Simmons osteotomy technique, 
Mehdian and Arun (4) devised a more controlled method of reduction at the osteotomy site. The 
Mebdian method involvea the 118e of a poaterior cervicotboracic !ICI'CW-rod system that i.a implanted prior 
to completion of the osteotomy. Provisional, malleable rods are tempomrily inserted. These rods allow 
the thoracic pedicle saews to slide along the rod as the reduction is perfomJed without allowing transla
tion. This allows for a more controlled reduction IIJaiKmvec before the definitive titanium rods are pl.aced. 

INDICATIONS/CONTRAINDICATIONS 

The primary indication for cervical osteotomy i.a the correction of a fixed cervical kyphotic defor
mity. This can occur in patients with AS, previOLJS trauma, or prior surgery. This deformity may 
result in difficulty with activities of daily living, respiratory compromise, difficulty eating, loss of 
horizontal gaze, and/or disabling pain. Cervical osteotomy i.a contraindicated when the major defor
mity is in the thoracolumbar spine, when a flexion contracture of the hip is present, or if the cervical 
kyphosis is flexible. Other general contraindications include significant medical comorbidities that 
would prohibit normal recovery and rehabilitation. 
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PREOPERATIVE PREPARATION 

Patient Evaluation 
Medical com.orb.idities should be noted, evaluated, and optimized. Special attention should ensure 
that the cardiopulmonary status of the patient is satisfactory to undergo a spinal reconstructive 
procedure. Patients with AS, for instance, often have significantly restricted chest expansion due to 
ankylosed costovertebral jo.ints. The surgeon should be aware of such issues. 

Routine preoperative lab work should exclude anemia and coagulopathy. We recommend a 
lengthy discussion with the patient regarding the potential risks and benefits of surgery. Major surgi
cal risks of cervical osteotomy include dysphagia, infection, malunion, nonunion, neurologic injury, 
vertebral artery injury, and death. 

Preoperative Radiographic Evaluation 
Cervical kyphotic deformities can occur at any age and may be associated with thoracic andlo.r 
lumbar deformities. It is important, therefore, to look at global sagittal and coronal balance (with 
full-length PA and lateral 36-inch scoliosis x-rays) in these patients to ensure that the planned 
COl'l'eCtion does not cause decompensation in overall spinal balance (Fig. S-1). You must assess 
cervical, thoracic, and lumbar sagittal alignment individually as well as globally and define the site 
of mali rna) deformity. The degree of correction to be obtained depends on the angle of the cervical 
deformity and the chin-brow to vertical angle. Meticulously plan the procedure on printed or digital 
x-ray including the size of the osteotomy and hardware position. Determination of osteotomy sizJ:/ 
angle can be done via radiographic tracing and film cutout or simple mathematical calculation (5). 
Planning is crucial to ensure you do not overcorrect the deformity. In addition, we recommend 
preoperative radiographic evaluation with computed tomography (CI'), and magnetic resonance 
imaging (MRI). Sagittal and coronal reconstructions are helpful to better visualize the deformity. 
The cr scan is useful to measure the dimensions of the vertebral bodies, the cervical pedicles, and 
the cervical lateral masses. This information is crucial for selection of the appropriate implants and 
accurate planning. The MRI is useful to evaluate not only spinal cord and nerve root compression 
but also size and position of the vertebral arteries. 

FIGURE 5·1 
Lateral standing radiograph demonstrating significant sagittal 
imbalance with the G7 plumb line approximately 10 em anterior to 
the sacral promontory. 
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TECHNIQUE 

Anesthetic Considerations 

Intubation of a patient with a significant cervical deformity can be challenging. A real potential 
exists for spinal cord injury during intubation, as well as throughout the case due to hemodynamic 
changes or direct cord injury. Consequently, modern anesthetic techniques involve monitoring the 
cardiovascular and neurologic status of the patient. To this end, arterial line placement and motor 
evoked (MEP) and somatosensory evoked potentials (SSEP) are recommended to monitor blood 
pressure and spinal cord integrity respectively throughout the case. Subclavian central line place
ment for monitoring the central venous pressure can also be done if deemed necessary. We caution, 
with regard to neuromonitoring, that SSEPs are not always accurate and there have been cases where 
changes in evoked potentials have not been accompanied by changes in neurologic status (i.e., false 
positives). There have also been cases where a neurologic injury occurred without accompanying 
changes in the evoked potentials (i.e., false negatives). 

One relatively safe method of intubation is awake, nasotracheal, fiberoptic intubation. Performing 
the intubation awake is important because the patient's neurologic status can be continuously 
assessed. The abnormal fixed chin-brow vertical angle does not allow for the patient's head to be 
extended, and fiberoptic intubation is necessary to visualize the vocal cords and ensure appropri
ate placement of the endotracheal tube. Orotracheal intubation with a chin-on-chest deformity is 
difficult at best due to restricted access to the oral cavity. Nasotracheal intubation is easier and can 
proceed after the nasal cavity has been anesthetized. 

The choice of anesthetic agents is critical when evoked potentials are utilized. Paralytics and 
nitrous oxide are not used in these cases as they blunt the MEPs and SSEPs respectively. Total IV 
anesthesia is ideal in the setting of neuromonitoring. 

It is important to obtain pre- and post-general anesthesia baseline readings of the evoked 
potentials. Since changes in the anesthetic regimen can cause changes in the evoked potentials, we 
do not recommend changing the drugs or dosages throughout the case. 

Ensuring adequate spinal cord perfusion throughout the case is crucial. The patient's mean arterial 
pressure (MAP) prior to intubation is assessed, and this MAP is maintained throughout the case 
(even in the face of blood loss). We do not hesitate to use transfusions and/or pressors as needed 
throughout the case to maintain the MAP. 

Osteotomy Considerations 

Numerous osteotomy techniques have been described as previously mentioned. All include some 
variation of opening versus closing wedge osteotomy. We will describe two cervical techniques felt 
to be the most efficacious and biomechanically sound depending on where the apex of the deformity 
occurs. The majority of deformities involving the cervical region are most severe at the cervicotho
racic junction, which is also an ideal place for the osteotomy due to the reasons discussed earlier. 
Deformities, however, may be within the actual cervical region and necessitate osteotomy above the 
cervicothoracic junction. 

CERVICOTHORACIC PEDICLE SUBTRACTION OSTEOTOMY 

Stage 1-Positioning 

After induction of anesthesia, a Foley catheter, sequential compression stockings, and pneumatic 
compression devices are applied. Baseline readings of SSEPs and MEPs are obtained before posi
tioning the patient. The preoperative x-ray with the operative plan is hung in the operating room for 
all physicians and assistants to reference. 

The patient is placed in Mayfield pins while in the supine position. The Jackson table is set up 
such that the foot of the bed is placed at the lowest rungs and the head of the bed at the highest rungs. 
The patient is then transferred to the prone position on the Jackson table. Due to the significant 
kyphotic deformity, positioning can be a challenging task. In order to raise the head into the opera
tive field, blankets can be used to elevate the chest. A second option involves removing the hip pads 
on the table and using the leg sling only provided the patient's body habitus allows the pelvic region 
to pass between the bars of the table. Arms are secured at the patient's side with a circumferential 
sheet and towel clips. The head is secured to the table by attaching to the Mayfield head holder. The 
patient's buttocks should be taped to the table to prevent distal migration of the patient on the bed. 
The shoulders are taped to aid with imaging. The table is placed in reverse Trendelenburg to also aid 
with elevation of the head into the operative field. 
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It is important that the surgeon pay close attention to the plane of the patient's body in relation to 
the ftoor. The chin-brow vertical angle should be noted, and this angle should be corrected, allow
ing the face to be parallel to the plane of the body. It is better to slightly undet:correct the deformity 
than to overcorrect. After positioning is complete, repeat SSEPs and MEPs are performed to ensure 
integrity of the spinal cord. 

The posterior cervicothoracic region is prepped and draped in the normal sterile fashion. A per
manent surgical marker is used to outline the incision prior to draping. It is best to drape wide from 
the occiput down to the midthoracic region. 

Stage 11-Exposure and Instrumentation 
A standard posterior cervical exposure is performed. The lateral masses in the cervical region are 
fully visualized as are the transverse processes in the thoracic region. Care is taken at both the proxi
mal and distal extent of the fusion area to protect the facets and posterior ligamentous complex in 
hopes of avoiding iatrogenic adjacent level problems (Fig. 5-2). 

Lateral mass screws are inserted in the cervical region via the Magerl technique. The starting 
point is in the middle of the lateral mass, and the trajectory aimed at the upper and outer quadrant of 
the lateral mass. We typically use 14-mm. screws d:lat are placed unicortically. 

Upper thoracic pedicle screws are placed via standard anatomic landmarks. The craniocaudal 
entry point is at the junction of the upper and middle third of the transverse process, and this point 
is usually approximately 3 mm. below the facet joint itself. The mediolateral entry point is at the 
center of the facet joint In addition, a laminoforaminotomy may be performed to allow the surgeon 
to visualize and palpate the medial bot:der of the pedicle. Use of image guidance can also assist with 
placement of the thoracic screws. Use a high-speed drill to burr the posterior cortex at pedicle screw 
entry points. TYPically, a bleeding area of bone (this is the cancellous bone within the pedicle) is 
exposed with this maneuver. We then utilize the awl and tap to enter the pedicle. These instruments 
usually pass down the pedicle with minimal force without perforating the pedicle walls. Pedicle 
screws are then placed. 

Next we attach provisional rods to the lateral mass and thoracic pedicle screws. The provisional 
rods are hollow stainless steel tubes that are fairly easy to bend, thus allowing sagittal plane correc
tion while preventing translation. These provisional rods are attached to the polyaxial screw heads 
with small lateral connectors. The lateral attachment of the provisional rods is necessary to allow for 
the upcoming posterior wedge osteotomy of the cervical facets. Locking caps are placed and tight
ened to secure the connectors to the poly axial screw heads. Locking caps are also used to secure the 
connectors to the rods; however these are not tightened, allowing the connectors to translate along 
the rod dwing deformity correction (Fig. 5-3). 

Stage III-Osteotomy 
The osteotomy begins with a complete laminectomy of C7, removing the entire spinous process 
and lamina. The inferior half of the C6 lamina and superior half of the T1 lamina are removed. If 
needed, the caudal and cephalad aspects of the spinous processes of C6 and Tl respectively, can 
also be removed. The C7lateral mass must be completely removed as well as the transverse process 
laterally. The inferior facets of C6 and the superior facets of T1 are also removed ftush with the edge 

FIGURE 5·2 

Complete exposure is performed of 
the lateral masses within the cervi
cal region and out to the transverse 
processes within the upper thoracic 
region. 
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FIIURE 5·3 

Instrumentation is placed above 
and below the C7 vertebra with a 
provisional rod. Note that off-set 
connectors are used in the thoracic 
spine from T1 to T3. 

of the respective pedicle. It is crucial to remove any overhanging bone whether from residual facet 
overhang or lamina to prevent impingement of the neurologic structures during closure of the oste
otomy. At this juncture, the spinal cord, C7, and C8 nerve roots should be fully visible and the C7 
pedicle between the roots (Fig. S-4). Hemostasis is maintained with Gelfoam thrombin and Floseal 
(Baxter Healthcare Corp.) 

Decancellation of the C7 vertebral body is then begun. Several methods can be employed to 
perform the removal of bone from the vertebral body. The pedicle wallB should be left intact if pos
sible during this process to aid with protection of the neurologic structures. One method is use of 
a high-speed burr to thin the bone within the pedicle and subsequently remove the cancellous bone 
within the vertebtal body. A second method is the use of succe88ively larger taps, passing through 
the pcdicles and into the vertebral body. Various forward and backward angle curettes abo can assist 
with bone removal. Whethec using the bun or taps, a wedge cavity is created via access through both 
pedicles such that only a oortical shell of bone remains. It is i.m.pel"ative that a uniform area of bone 
be resected to allow a symmetric closure of the osteotomy. A Penfield elevator is then used to expose 
the lateral walls of the vertebral body and a V-shaped area of bone is resected (Fig. 5-5). The resec
tion is carried to the anterior cortex of the body. This is done with a narrow Lebell rongeur. The 
final area of bone to be removed is the posterior cortex and any remaining aspect of the C7 pedicle 
wall. This is done with a backward angle curette and should occur with relative ease if decancella
tion was done properly. The posterior cortex is carefully pushed downward into the wedge cavity, 
taking care not to retract the cord. 

Stage IV-Correction of the Deformity 

Once the osteotomy is complete, an unscrubbed assistant loosens the Mayfield attachment and gen
tly elevates the patient's head. The surgeon helps to guide the head and closure of the osteotomy 
under direct visualization. Within the wound, close attention is paid to the exiting C7 and C8 nerve 

FIIURE 5·4 

Complete removal of the C7 
posterior elements has been 
performed. The caudal aspect of 
C6 has been removed as well as 
the inferior facets of C6 bilaterally. 
The cephalad aspect of T1 has been 
removed as well as the superior 
facets of T1 bilaterally. (Note the 
provisional rods have been removed 
for visualization purposes.) •. C7 
pedicle; i, C7 nerve root; ii, C8 
nerve root. 
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A 

FIGURE 5-6 

FIGURE 5·5 
Note the Penfield 4 retractor lateral to 
the •decancellated C7 pedicle wall. 

PART I Cervical Spine 

roots as well aa the spinal cord and buckling dura (Fig. 5-6). If there is any impingement evident 
during closure of the osteotomy, or neuromonitoring signals change, the osteotomy should be gently 
reversed and the <rlfending agent (i.e., bone) should be resected. The lamina may need to be under
cut or further facet resection may be necellsary. After the osteotomy is closed the provisional rods 
should be locked in place and the Mayfield attachment secured to the table again. Assessment of 
the chin-brow to vertical angle should be done at this time to assure that adequate correction has 
occum:d. It ia important not to overcorrect the deformity. The overall alignment is aMes sed via fluo
roscopy imaging as well as gross examination of the patient's head in relation to the torso. We then 
proceed to replace the provisional rods with the appropriate length permanent titanium rods. The 
final set screws are secured and finally tightened with the torque wrench. 

B 

A,B: Note the Penfield 4 retractor within the osteotomy defect and the change in rod length and buckling of the dura following 
closure. The Penfield 4 retractor is no longer able to fit within the defect following closure of the osteotomy. 
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Stage V-Bone Grafting and Wound Closure 

The wound should be copiously irrigated with normal saline. Decortication is performed at each 
facet joint and across each lamina within the fusion region using the high-speed burr. Local auto
graft is then placed along the decorticated regions. If additional graft is needed, iliac crest bone 
can be harvested. The wound ill then closed in a layered fashion. A meticulous layered closure 
should be done to ensure proper healing occurs. It is especially critical that the fascial layer be 
reapproximated. as this layer tends to retract throughout the case, and if not careful can be missed. 
Poor wound closure can result in numerous complications including infection, fascial and/or wound 
dehiscence, hematoma, and poor cosme&is. 

MIDCERVICAL EXTENSION OSTEOTOMY 

Stage 1-Anterior Release and Osteotomy 
After induction of anesthesia, a Foley catheter, sequential compression stockings, and pneumatic 
compression devices are applied. Baseline readings of SSEPs and MEPs are obtained before posi
tioning the patient. The preoperative x-ray with the operative plan ill hung in the operating room for 
all physicians and assistants to reference. 

The patient is positioned supine on the operating table with the head on a foam headrest, elevated 
with blankets and pillows to adjust for the kyphotic deformity. If there is a significant submandibular 
pannus, the soft tissue is retracted with wide tape to allow for greater access to the anterior cervical 
region. The shoulders are pulled caudally with tape. Rarely, the chin-on-chest deformity ill so severe 
that the surgeon cannot access the anterior neck, and the procedure ill abandoned Patients with such 
severe kyphotic angulation may benefit from a trial of cervical traction. 

We prefer to perform the anterior cervical approach through a transverse right side incision when 
above C7!I'l. For illustrative pUipOSes, we discuss the treatment of a C5/C6 kyphotic deformity for 
the remainder of this chapter. 

After the standard Smith-Robinson anterior cervical exposure is performed, we place distraction 
pins into the bodies ofCS and C6 and then obtain a localizing x-ray to confirm the level. The pins are 
placed perpendicular to the longitudinal axis of the vertebral bodies in order to help with orientation 
during the anterior resection. It is sometimes difficult to confirm levels in patients with AS because 
the disc spaces are fused. In these patients, the surgeon may confirm. levels by counting the spinous 
processes, looking for the angulation in the cervical spine, or by assessing the location of the defor
mity in relation to the hyoid bone. 

Following localization of the appropriate level, a generous discectomy is performed. If the disc 
space is completely fused, then a power drill may be used. The posterior endplates of CS and C6 and 
all posterior vertebral osteophytes are removed. The posterior aspect of the disc space is "trumpeted .. 
by undercutting the posterior body walls of CS and C6. 

After the generous wedge is created at CS/6, a left C6 pediculectomy is performed The left C6 
pedicle is accessible from a right-sided anterior cervical approach because the surgeon is looking 
across midline and can visualize the contralateral pedicle. The ipsilateral pedicle is difficult to visu
alize from the anterior approach, and the right pediculectomy will need to be completed during the 
posterior stage of the operation. 

Subsequent to the pediculectomy, bilateral C6 foramen ttansversaria are exposed. The longus 
colli muscles are reflected at the cephalad aspect of the C6 body bilaterally, out to the edge of the 
foramen. The anterior portions of the foramen are then removed (Fig. S-1). This is done to prevent 

Vertebral 
artery 

FIGURE5·7 
Note removal of the anterior portions of 
the foramen transversaria. 
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kinking of the vertebral arteries during the upcoming reduction maneuver. At the completion of 
the first stage, close the anterior cervical incision with staples only, and apply a sterile dressing. 
We anticipate coming back to the anterior approach in stage VI, so a typical layered closure is 
delayed. 

Stage 11-Posterior Exposure and Instrumentation 
The patient is placed in Mayfield pins while in the supine position. We attempt to place a rigid cervi
cal collar (occasionally, this is not possible due to the chin-on-chest position), and then carefully flip 
the patient prone onto another operating table. The prone setup is exactly as described previously for 
the pedicle subtraction osteotomy (PSO). 

The exposure of the posterior elements and insertion of hardware is virtually identical to that 
described previously for the PSO, with the exception of vertebral levels. Anchors are placed three 
levels above and three levels below the deformity. Consequently, for a C5--C6 deformity, we place 
lateral mass screws at C3--C5 and pedicle screws at C7-T2. 

Stage III-Osteotomy 

The osteotomy begins with removal of the inferior half of the C5 spinous process and lamina (if this 
bone is not removed, it will impinge on the posterior dora when the correction is performed). The 
inferior articular process of CS is removed below the C5 lateral mass screw. All of the posterior ele
ments of C6 are removed including the spinous process, lamina, superior articular process, inferior 
articular process, and the residual C6 pedicles (the portion of the C6 pedicles that was not removed 
during the anterior approach). Use of a high-speed burr, fine curettes, and rongeurs allows efficient 
removal of bone. The exiting C6 and C7 nerve roots are completely exposed when the resection 
is complete. Removal of the posterior portion of the foramen transverium completes the bilateral 
foramen transversectomies at C6. This step is necessary to prevent kinking of the vertebral artery 
during correction. There is often abundant venous bleeding from the periarterial venous plexus, and 
this can be controlled with thrombin-soaked Gelfoam and/or Floseal (Baxter Healthcare Corp.). 
Finally, the cephalad half of the spinous process and lamina, and the superior articular facet of C7 
are removed (also to prevent impingement of the posterior dura during correction). Prior to correc
tion, the exposure and bone resection should look very similar to that described in the PSO section 
and seen in Figures 5-4 to 5-6. 

Stage IV-Correction of Deformity 

The deformity is corrected in the same manner as described previously for the PSO. 

Stage V-Bone Grafting and Closure 

The fusion area is prepared and wound closed in the same manner as described previously for the 
PSO. 

Stage VI-Anterior Instrumentation 

The patient is positioned supine again onto a separate operating table. Mter repositioning, evoked 
potentials are assessed. The head is placed on a foam cushion and the Mayfield attachment removed. 
The prior anterior incision is prepped and the skin staples removed. 

The anterior exposure is redeveloped. The distraction pins are placed again into the vertebral 
bodies of C5 and C6, and mild distraction is applied. A tricortical iliac crest autograft is measured, 
cut to size, and inserted into the now parallel interbody space at C5--C6. The distraction pins are 
removed, and an appropriate-size anterior cervical plate is applied (Fig. 5-8). 

The platysma is then reapproximated, and the anterior skin incision is closed with a subcuticular 
suture. A rigid collar is applied. 

POSTOPERATIVE MANAGEMENT 

The patient remains intubated and is taken to the recovery room. Postoperatively, the patient 
is allowed to temporarily emerge from the anesthetic in order to perform a neurologic exam. 
The patient is extubated after the anesthesiologist assesses airway edema with a leak test. 
Progressive ambulation is initiated immediately, and the cervical hard collar is kept in place 
for 6 weeks. 
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Transverse processes of CS,C6 removed 

CONCLUSION 

Patients with chin-on-chest deformity pose an anesthetic and surgical challenge. Modem anesthetic 
and surgical techniques allow for a relatively safe correction of this defomrity (Fig. 5-9). Provisional 
rods allow for controlled reduction of the deformity after the osteotomy has been performed. Our 
techniques are not the only methods of achieving redaction of this deformity; however we have used 
them with success on a number of case8. The potential complications of this procedure include all of 
those relevant to cervical spine surgery including dysphagia, infection. radiculopathy, pseudarthro
sis, loss of sagittal correction, spinal cord injury, and anesthetic risks . 

.JL 

A B 

FIGURE 5·8 
Final construct with 
kyphotic reduction. 

FIGURE 5-9 
A: Preoperative. 
B: Postoperative. 
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Anterior Odo 
Fixation 

Ronald I. Apfelbaum and Rick C. Sasso 

INDICATIONS 

Direct anterior odontoid screw fixation is indicated in patients with acute type n and high type m 
(with a shallow base) odontoid fractures (Fig. 6-1). The rationale for direct anterior fixation is the 
achievement of iminediate fixation in anatomical alignment, stabilizing the atlantoaxial complex 
while providing the best environment for fracture healing. The construct preserves Cl-C2 rotation 
while providing rigid iDtemal fixation and avoids restrictive bracing and the complications associated 
with bone grafting techniques. It has a higher success rate than and reduces the morbidity associated 
with prolonged halo immobilization, which bad been used preferentially in the past. Direct anterior 
osteosynthesis of the odontoid fracture with anterior odontoid screw fixation is often the preferred 
altunative to atlantoaxial arthrodesis for II11lll8.gCIIlCt of odontoid fractures. Tbia technique baa 
been shown to achieve a high healing rate, similar to that of posterior atlantoaxial arthrodesis (88% 
to 100% ), with a similarly low complication rate (1 ,4,9,27 ,30,31 ), and has the advantage over poste
rior methodl! of achieving this without intentionally sacrificing atlantoaxial motion (2,27 ,30). 

Polytrauma patients, in whom immediate mobilization bas proved beneficial, are also good candi
dates for anterior odontoid screw fixation as they often are not candidates for halo-vest stabilization. 
Direct osteosynthesis also can be used in patients who refuse halo treatment and in those in whom 
fracture reduction can be obtained but not maintained in this apparatus. 

CONTRAINDICATIONS 

Caution should be used in osteopenic patients; many patients with odontoid fractures are elderly 
and will have decreased bone mineralization. There is less reason to be concerned about the bone 
density of the cancellous interior of the odontoid and the C2 body because healing occurs primarily 
across the cortical bone at the junction of these two. Therefore, if the cortical shell of C2 and the 
odontoid are reasonably well osaified and there is good apical bone at the tip of the odontoid, screw 
fixation maybe considered. The lag screw needs to have good purchase in the strongest region of the 
odontoid-the dense apical cortex-and have a good buttre88 at the strong anterior inferior aspect 
of the C2 body to be effective (fig. 6-2). 

A fixed kyphotic angulation of the neck or a barrel chest with a short neck may preclude obtaining 
the low trajectoJ:y ~to place a screw from the inferior edge of C2 to the odontoid apex. This can 
be checked before surgery using lateral fluoroscopy when til£ patient is optimally positioned. If the 
trajectcry is not adequate, we will not proceed wi1h direct odontoid screw fixation but ratber reposition 
the patient and perfmn a Cl-C2 instrumented fusion. Compromising the trajectory and accepting an 
entry site for the 11crew on the anterior face of C2 rather than the inferior one ill not recommended 

Anatomic reduction of the odontoid fracture is imperative before the fixation screw is placed 
across the fracture. Inability to achieve reduction prior to COllllllCDCing surgery was therefore previ
ously considered to be an absolute contraindication to the procedure; however, intraoperative reduc
tion and perfection of the alignment of the odontoid to the body of C2 can be obtained using the 
techniques and instrument system described in this chapter, so this is no longer a contraindication. 
An absolute contraindication to anterior screw fixation is (the relatively rare) concomitant transverlle 
atlantal ligament (TAL) disruption since, in such a case, fixation of the odontoid alone will not 
stabilize the C1-C2 complex. 
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FIGURE 6-1 
Type II odontoid fractures: with odontoid anterolisthesed (A) and retrolisthesed (B). High Type Ill 
odontoid fracture (C, D). (Copyright Dr. Ronald I. Apfelbaum). 

FIGURE&-2 
Cryosection of a fatal odontoid fracture. 
Note the much thicker inferior cortex marked 
with double asterisk, as compared with the 
anterior cortex (thick blue arrow) and also 
the dense apical odontoid cortex (thin blue 
arrows) and much weaker cancellous bone 
below this and in the interior of the body 
of C2. (Image courtesy of Dr. Wolfgang 
Rauschning.) 
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Chronic fracture nonunions over 6 months old and oblique fractures in an anteroinferior
to-posterosuperior plane that could cause the odontoid fragment to shear anteriorly at the fracture 
site during lag compression are relative contraindications. The success rate of direct screw fixation 
for fractures over 6 months of age (25%) has been substantially lower than in those treated earlier. 
Patients with fractures treated within the first 6 months, such as those treated after failure of a trial 
of halo immobilization, did as well as those with fresh fractures (4). This is similar to the experi
ence in treating patients with nonunions of anterior cervical interbody fusions with posterior rigid 
fixation. Once the motion is eliminated, a high percentage of patients with anterior nonunions go 
on to achieve solid fusion. In regard to oblique fractures, if the overall bone quality is adequate, 
fixing them in a slight retrolisthesed position in anticipation of the translation of C1 anteriorly on 
C2 can result in the final alignment being anatomic. In such a case, we would also use a hard collar 
for 6 weeks to restrict neck flexion. Others also have reported good success with shallower anterior 
oblique fractures (11). 

PREOPERATIVE PREPARATION 

Examination and Evaluation/Pathology 

Odontoid fractures are relatively common upper cervical spine injuries, constituting nearly 60% 
of all fractures of the axis and 10% to 18% of all cervical spine fractures (6,24,30). Proportion
ally greater space is available for the spinal cord in the upper cervical spine than in the lower cer
vical spine. Therefore, the incidence of neurologic involvement in upper cervical spine injury is 
relatively low (18% to 26%) (12,38). Furthermore, when significant cord damage does occur in 
the upper cervical spine, patients frequently do not survive because of respiratory arrest. Modem 
immobilization and transportation techniques have reduced the incidence of secondary injuries 
at this level and resulted in more survivors with injuries that previously might have been fatal. 

Although odontoid fractures occur in all age groups, the bimodal distribution observed in the 
past is changing. In younger patients, who represent the first peak incidence, these fractures are 
usually secondary to high-energy trauma; motor vehicle accidents are responsible for the majority 
of the odontoid injuries ( 6, 13). Often, the injured patient was a nonrestrained passenger in the front 
seat whose neck was violently hyperextended when his or her head or face struck the windshield. 
Concomitant spinal injuries are present in up to 34% of patients; 85% of these associated injuries 
occur in the cervical spine, most commonly the atlas (12,23,38). These injuries have become much 
less frequent with the increased use of seat belts and the proliferation of passive restraints such as 
airbags. The second peak in the incidence of odontoid fractures occurs among the elderly (30). In 
fact, odontoid fractures are the most common cervical spine fracture in patients older than 70 years 
(34,35,37). These fractures, unlike those in the younger patients, tend to result from low-energy 
injuries, such as falls from a standing height. The mechanism of injury is often hyperextension that 
results in posterior displacement of the odontoid. Associated spinal trauma is much less common in 
elderly patients (7 ,12). With increased longevity, these injuries are being seen more frequently and 
make up the clear majority of odontoid fractures. 

Preoperative Radiographic Evaluation 

Which imaging studies should be obtained for a comprehensive, diagnostic approach in evaluating 
suspected upper cervical spine injuries remains a topic of controversy, particularly in the presence 
of polytrauma or for obtunded patients. The standard, initial cervical spine radiographic series in 
trauma patients includes a cross-table lateral view, an anteroposterior (AP) view, and an open-mouth 
view. The value of the AP view has been questioned because it provides little additional information 
(18). Although this three-view screening series can detect 65% to 95% of axis injuries (30), the C2 
vertebra is often obscured by overlying bony maxillary, mandibular, and dental structures; therefore, 
C2 fractures may be missed. Thin-section computed tomography (CT) is the best study for evaluat
ing C2 bony fractures (8). Sagittal reconstruction of CT images is important because axial images 
may not show a transverse odontoid fracture. These views can also provide valuable information 
about the cortical bone density, the status of the subaxial spine, and the presence of anterior osteo
phytes that may factor into the decision regarding choice of approach. 

Although CT is excellent in demonstrating bony injuries, soft tissue and significant ligamentous 
injuries may not be apparent. Therefore, dynamic flexion/extension lateral fluoroscopic evaluation 
has been advocated for polytrauma patients to identify occult ligamentous instabilities and confirm 
that the cervical spine is uninjured (25). Magnetic resonance imaging (MRI) also is helpful in assess
ing the spinal cord in patients with and without neurologic deficits and gives important information 
about the subaxial spine. It also is becoming increasingly important in evaluating the status of liga
mentous structures such as the TAL. 
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The assessment of TAL integrity in patients with odontoid fractures is an important consideration 
in selecting appropriate treatment options (15). Anterior odontoid screw fixation will not provide 
Cl-C2 stability if the TAL is not competent. TAL disruption has been reported to occur in 10% of 
patients with odontoid fractures (22); however, in our experience, we have rarely noted instabil
ity when evaluating TAL integrity by flexing the patient's neck under fluoroscopy after odontoid 
fixation. This brings into question the accuracy of the MRI criteria. Nevertheless, the combination 
of MRI, cr, and plain radiographs is important for evaluating unstable C2 fractures and planning 
a rational treatment course. When a C2 fracture is identified, it is necessary to also evaluate the 
subaxial spine carefully because 16% of patients have a noncontiguous fracture (39). 

TECHNIQUE 

Positioning 
Before beginning the operation, the surgeon must ensure that reduction of the odontoid to a more 
anatomic position is possible. Some prefer to do this by simple ttaction or manipulation while the 
patient is awake, with lateral fluoroscopic imaging. 'IY¢cally, we will place the patient on the operat
ing table with a folded blanket or other suitable padding under the shoulders and a similar padding 
under the head to keep the neck in a neutral position (Fig. 6-3). If the patient's odontoid in this posi
tion is anterol.isthesed, we extend the patient's neck while observing the alignment under fluoroscopy 
and gradually remove the head pads. This may reduce the anterolisthesis of C1 and the odontoid 
process relative to C2 while also optimizing the patient's head position for both intubation and screw 
placement. If the patient's odontoid is retrolisthesed, the degree of mobility can be assessed under 
fluoroscopy when the neck is slightly flexed. These preliminary maneuvers help ascertain that reduc
tion will be possible intraoperatively. Intubation should be done without moving the patient's neck 
in the direction that increases the subluxation. This may require fiberoptic intubation techniques. 

To achieve a proper screw ttajectory and clear the anterior chest with the insttumentation, it 
is usually necessary to extend the patient's neck; however, unless this position results in optimal 
reduction and alignment, this is best done once the screw guidance tubes are in place as is described 
below. In essence, we will accept the best aligned position to begin the approach but prepare the 
setup to allow us to modify the patient's head position once the C1~2 relationship is perfected 
inttaoperatively. Therefore, "perfect" preoperative reduction is not required to proceed. 

Once the patient is intubated, a radiolucent mouth gag is placed to allow for transoral imaging. 
A wine bottle cork notched for the patient's teeth or gums is excellent for this. We then use halter 

FIGURE 8·3 
Patient positioning. Note padding under the 
patient's shoulders (top), radiolucent mouth 
gags, halter traction to allow head reposi
tioning if needed during surgery, and bipla
nar fluoroscopes. (Copyright Dr. Ronald 
I. Apfelbaum.) 
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traction, with the patient's head resting on a foam donut rather than any type of pin fixation so fur
ther intraoperative position changes can be made. If Cl and the odontoid are in an anterolisthesed 
position, we can optimize the alignment as achieved in the preanesthetic evaluation described above, 
slowly removing any additional padding, other than the donut, and then dropping the head of the 
table if necessary under fluoroscopic control to maximize the reduction (Fig. 6-3, top). If Cl and the 
odontoid are in a retrolisthesed position, rotating the patient's head about a transverse axis approxi
mately through the ear canals by placing one hand under the chin and the other on the occiput may 
reduce this completely or partially (Fig. 6-4). This occurs because the center of rotation is above 
the odontoid, so this motion brings the odontoid anteriorly. These maneuvers may result in full or 
partial reduction. Biplanar fluoroscopy using two C-arms is used not only for the initial reduction 
but also for tracking the progress of the operation and screw placement. Excellent visualization of 
the odontoid in both planes is mandatory. The recent application of fluoroscopic-derived CT imag
ing and stereotactic guidance systems allows for the use of this modality to substitute for the AP 
images once the reduction is obtained. Because the scan will only be accurate if no further motion 
has occurred, it DnJst be used with caution and not relied upon until the final position is obtained. 

Before the incision is made, the trajectory of the drill is ensured by placing a Steinmann pin or 
other long straight tool along the lateral aspect of the patient's neck while observing the lateral 
fluoroscopic image. If the surgeon's hand does not clear the chest, repositioning may be required. 
AB noted above, this may be difficult in a large barrel-chested patient, one with a short neck, or a 
patient with a fixed kyphotic deformity in the subaxial spine. If an adequate approach path cannot be 
achieved, then the procedure should be converted to a Cl-C2 posterior instrumented fusion. 

Approach 
A small 3- to 4-cm transverse skin incision is made at the CS-C6 level in the same manner as is 
done for an anterior cervical discectomy (3). The platysma muscle is then incised sharply but not 
undermined. The sternocleidomastoid muscle fascia is opened sharply, and this opening is carried 
cranially for several centimeters. Blunt dissection through the natural tissue planes medial to the 
carotid artery and lateral to the trachea and esophagus is then carried down to the anterior cervical 
spine at about the C5-C6level. We then make an incision in the midline and elevate the longus colli 
muscles over about 1¥.1 vertebral bodies. We use electrocautery for the midline incision but use a 
periosteal elevator to elevate the muscles to keep them intact. A modified Caspar retractor is placed 
with toothed blades fixed under the longus colli muscles to anchor it in place. This serves as a base 
for a special retractor used to keep open a tunnel to C2 in the midline (Fig. 6-5). Blunt dissection 
anterior to the longus colli muscles in the midline using a "peanut" or Kittner dissector held in an 
angled hemostatic clamp and swept side to side will quickly open the prevertebral space up to Ct. 
An angulated retractor blade is placed to bold this plane open. It retracts the soft tissues including 
the esophagus and posterior oropharyngeal wall to keep them out of harm's way. It is mated to a 
special retractor that attaches to one side of the previously placed Caspar retractor to maintain the 
working tunnel up to C2 (17). In addition to creating a safe working tunnel up to C2 in the direction 
needed for the drilling and screw placement, approaching C2 in this manner rather than directly 
from the incision area avoids crossing structures such as the superior laryngeal nerve. 
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FIGURE 6-4 
Maneuver to help realign a 
retrolisthesed odontoid: The 
patient's head is rotated in the 
sagittal plane by lifting up the 
chin and also rotating the occipital 
area as shown by the red arrows. 
This will rotate the head about a 
center of rotation indicated by the 
green circle, which is superior to 
the odontoid. The odontoid will 
therefore be translated anteriorly as 
a result (blue arrow). and the screw 
can then be placed to hold it in 
anatomic alignment. (Copyright 
Dr. Ronald I. Apfelbaum.) 
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FIGURE 6-5 
The retractor system creates a 
stable working tunnel and allows a 
midline approach through a small 
midcervical incision. Note that there 
is no inferior retractor blade that 
would interfere with the low trajec
tory needed to place the screw. 
(Copyright Dr. Ronald I. Apfelbaum.) 

Screw Placement 

PART I Cervical Spine 

The entry point for the fixation screw is on the anterior aspect of the inferior endplate of C2, not 
on the anterior surface of C2. To achieve this, we initially place a K-wire and optimize its position 
11uoroscopically (Fig. 6-6). If one screw is to be placed, we will insert it in the midline through the 
anterior annulus at C2-C3 and tap it into the bone. If two screws are to be placed, we will offset their 
entry points by about 3 mm. from the midline. The K-wire is placed to create an entry point and to 
guide the placement of a guide tube system. We do not drill with the K-wire, as it is not rigid enough 
to maintain an accurate trajectory and any changes in the trajectory are hard to achieve because the 
K-wire will revert to the original hole. 

Once the entry site is selected, we first remove a small amount of bone from the anterior surface of 
C3 inferior to the C2-C3 interspace to accommodate the guide tube system (5). To do this, a hollow 
7-mm drill is placed over the K-wire and rotated by hand to create a shallow trough in C3 (not C2) 
up to the inferior edge of C2 without removing any bone from C2 (Fig. 6-7). We then place the guide 
tube system over the K-wire. The system has outer and inner components, the latter of which can be 
extended beyond the outer tube as needed. They are mated together, with the inner tube retracted, and 
placed over the K-wire until the spikes on the guide tube contact C3 (Fig. 6-8). The K-wire is cut off 
so only about an inch prottudes from the guide tube, and a plastic impactor sleeve is placed over the 
guide tube. lapping on this with a mallet drives the spikes into C3 to secure the guide tube system. 

FIGURE 6-6 
Placement of the K-wire to 
create a starter hole and 
align the guide tube system 
to the entry site for drill
ing on the anterior inferior 
aspect of C2, as seen on the 
lateral view (lower left). 
In this case, one screw was 
planned and therefore a 
midline entry site was cho
sen, as seen on the AP view 
(lower right). (Copyright 
Dr. Ronald I. Apfelbaum.) 
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FIGURE 6·7 
A shallow trough in the 1ace of 
C3 is created with a hand drill 
to allow placement o1 the guide 
tube system to the in1erior edge 
of C2. (Copyright Dr. Ronald I. 
Apfelbaum.) 

FIGURE 6·8 
The outer and inner guide 
tubes are mated together 
and passed over the K-wire 
unti I the spikes on the outer 
guide tube can engage C3. 
After seating the spikes with 
the impactor, the inner guide 
tube is extended to the bot
tom of C2 (blue arrow). This 
provides a secure pathway 
to the selected entry hole 
and allows adjustment of the 
drilling trajectory as the drill 
is advanced. It also allows 
realigning C2 into an optimal 
relationship with the odontoid 
process {see Fig. 6-9). (Copy
right Dr. Ronald I. Apfelbaum.) 
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FIGURE 6-9 
In the case of a retrolisthesed odontoid, 
the guide tube can be used to correct the 
alignment. Upward pressure is maintained 
at all times to keep the fixation pins 
engaged in C3 (blue arrow). and then 
C3 and C2 are displaced posteriorly by 
simultaneous posterior pressure on the 
drill guide (red arrow). When in optimal 
alignment, the drill is advanced across the 
fracture and into the apical odontoid cortex. 
(Copyright Dr. Ronald I. Apfelbaum.) 

PART I Cervical Spine 

Once in place, the surgeon should maintain constant upward pressure on the guide tube system to keep 
the spikes engaged in C3. The inner guide tube can then be advanced until it is in contact with the infe
rior edge of C2 at d:le entty site, and then the K-wire is removed and replaced wid:l a calibrated drill. 

The guide tube is used not only to accurately direct the drill to the apical cortex of the odontoid but 
also to optimize the alignment of C2 and the odontoid. While keeping upward (cephalad) pressure 
on the guide tube at all times to maintain the engagement of the spikes in C3, it is possible to 
displace C3 and C2 posteriorly under a retrolisthesed odontoid (Fig. 6-9) or to lift C2-C3 anteriorly 
to realign with an anteriorly displaced odontoid. Unless we need to correct the alignment to initiate 
the drilling, we find it easiest to start drilling first, aiming for where the apical cortex of the odontoid 
will be in the reduced position and then perfect the C2-odontoid alignment just before crossing the 
fracture. If, however, the patient has a retrolisthesed odontoid that could not be realigned during 
the initial positioning, we would start the surgery with the head in a neutral position and proceed 
until the guide tube was anchored. Then C3 and C2 can be displaced posteriorly under the odontoid 
(Fig. 6-10). The anesthesiologist then slowly removes the extra padding under the patient's head; 
when the head is lowered, the patient's neck is extended while the alignment is maintained with the 
guide system. This can give the needed chest clearance to proceed. We would not tty this unless we 
were convinced we could achieve the position by initial maneuvers such as displacing C2 posteriorly 
by direct posterior pharyngeal wall presrn:u:e once the patient was anesthetized. 

The drilling is accomplished by advancing the drill slowly and using frequent ftuoroscopic views. 
If any changes are needed as the drill is advanced, these can easily be done by backing up the drill 
slightly, cotreeting the trajectory with the drill guide, and advancing it again. The drill, which is 3 
mm in outer diameter, has excellent directional authority and will usually go as directed. 

It is important to chill through the apical odontoid cortex (Fig. ~lOC). This is usually quite dense 
and, if not drilled, may be difficult to engage with the screw or may crack. If the dri1lil1g is accom
plished in the ccmect trajectory starting in the C2 endplate at ifll anterior aspect, the drill can penetrate 
from several millimeters to a centimeter or more beyond the apical cortex without thJ:eatening the 
thecal sac. Since 1he drill is coming tangentially to the dura and is in front of it, drilling in this manner 
is safe as long as the drill tip is not allowed to progress posterior to the plane of the back wall of the 
C2 body. Before removing the drill. note its depth on the caUbrated shaft and take an image in each 
plane and store it on the second screen of the ftuoroscopes. These images make it very easy to match 
the alignment that was obtained and achieve the same trajectory when tapping the hole and placing the 
screw. The drill and the inner drill guide are removed, but the outer drill guide is kept securely fixed 
in C3. A tap is then used to cut threads in 1he drilled bole. A3 it is advanced, it is easy to replicate the 
trajeaory achieved with the drilling, making minor alignment com:ctions with the guide tube if needed 
to follow the same path in the odontoid (Fig. ~ 11). In fact, 1he chill hole can usually be seen on the ftuo
roscopic images. The tap also is calibrated so the depth can be checked if needed. Thpping the screw 
hole allows the screw to engage the dense apical cortex instead of displacing the odontoid and ensures 
an optimal screw bone interface. Fot:cing a screw into an untapped bone hole can result in high inter
face pressures and subsequent bone absorption and possible screw loosening. Screws have been broken 
when attempts were made to force them into the dense, untapped apical bone of younger patienfll. 

The tap is then removed, and a 4-mm. cortically threaded lag screw, which has a minor diameter of 
2.9 IllDl. is placed through the drill guide along the same path, its length chosen on the basis of the 
depth measurements. This smooth-shafted. lag screw will engage the distal odontoid cortex and with 
its head buttressed against the inferior cortex of C2 can pull it down into closer approximation with 
the body of C2 (Fig. ~ 11). If there is much of a gap between the odontoid and C2 and the fracture is 



A 

c 

FIGURE 8·10 

B 

D 

Improved alignment 
Odontoid partially reduced 

The alignment of this difficult retrolisthesed odontoid in an SO-year-old man (A) was improved (B} by the head-tipping maneu
ver (note less offset of the yellow lines), and we were then able also to further extend his neck (cf. Band A). This allowed us to 
proceed with drilling and achieve complete realignment (as indicated by the yellow line) (C) before crossing the fracture line. 
The final drill position (C) is through the apical cortex of the odontoid (red arrow). The AP view (D) just before penetrating 
the tip of the odontoid shows that we chose a paramedian position for the screw to accommodate a second screw. (Copyright 
Dr. Ronald I. Apfelbaum.) 

A B 
FIGURE 6-11 
A: The pilot hole is tapped over its full length. B: The lag screw with threads extending only distally past the short yellow 
arrow is then placed. This lags (draws) the odontoid to the body of C2. Note also the apical penetration of the screw (red 
arrow). The head of the screw is against the inferior surface of C2, not its anterior surface, and the alignment is anatomic 
(dashed red line). (Copyright Dr. Ronald I. Apfelbaum.) 
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recent, the lag effect will usually close this substantially. It is important to fully engage the odontoid 
cortex, so we strive for a screw length that will allow the tip of the screw to penetrate a 0.5 to 1 mm 
through the apical cortex. Deepet penetration is acceptable as long as the screw tip does not extend 
posteriorly into the spinal canal. Because the drill hole is tapped, the screw can be removed and 
replaced if needed to optimize its length without damaging the bone pathway. This type of screw 
with a larger minor diametet has proven to be much stronget in resisting bending, and since it has 
been adopted we have not seen any screw breakage. 

PEARLS 

The placement of two screws is usually not technically more difficult as long as the surgeon plans 
ahead and utilizes a paramedian entry site and a trajectory that does not cross the midline. The 
ability to precisely guide the screws to the desired location makes this possible in most patients. 
The second screw is placed using the identical series of steps and an entry site into C2 that is on 
the opposite side of the midline (Fig. 6-12). The screws can converge toward each other to remain 
within the cortical shell of the odontoid. If the odontoid has a larger diameter in the AP plane, the 
screws can be placed so one comes to lie behind the other within the odontoid process. Only rarely 
is it not anatomically possible to place a second screw. While biomechanical testing has shown no 
biomechanical advantage of two screws in comparison with one-screw fixation in regard to sta
bilization of flexion and extension or resistance to screw fracture (16,26,27,33,36), this is not the 
complete picture. Two screws offer resistance to rotation of the odontoid relative to the body of C2 
that is not achieved with one lag screw. This has not been addressed in studies such as that of Sasso 
et al. (36). Mechanically produced type n odontoid fractures were stabilized with either one or two 
3.5-mm screws. Stability after internal fixation was 50% that of the unfractured odontoid. The use 
of two screws did not significantly enhance the stability in testing against re-fallure. Graziano et al. 
(21) also found no difference between one and two screws in bending and torsional stiffness of the 
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FIGURE 6·12 
A,B: Drilling for the second screw. C,D: Final construct in the operating room. E,F: Two-month follow-up films. The second 
screw can be either a lag screw or a threaded screw because no further lag action is expected. (Copyright Dr. Ronald I. Apfelbaum.) 
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instrumented odontoid; however, the ability of one screw to limit rotation between the odontoid and 
C2 was not cvaluated and is probably critical in achieving a solid fusion. 

In younger patients with fresh fractures in whom the fracture line is often irregular, the lag efi'ect 
alone may pull the irregular surfaces together and prevent rotation, but in fractures treated a few 
weeks or longer a.fter their onset, such as after failure of a 3-month trial of halo immobilization, the 
single screw may not be adequate. This has not been adequately studied until recently when Dailey 
et al. (14) evaluated the results of odontoid screw fixation in elderly patients over the age of70 years 
and found the dift"erence between one and two screws to be highly significant Fusion was achieved 
in only S6% of patients with one sc:.rew versus 96% when two screws were used. This J.i.kely is due 
to the weaker bone structure in older patients who may sustain smoother fracture surfaces. These 
may also not be able to be lagged as tightly, allowing rotation to persist when only one screw is used. 
thereby reducing the success rate.Jn these older patients, we believe thai two screws should always 
be placed unless anatomically prohibited. In younger patients, we see no downside to using two 
screws when possible as it may be helpful in some, but we recognize it is not essential. 

In some cases, especially in osteopenic patients, it can be difficult to positively identify the odon
toid, and particularly its apex, on the lateral fluoroscopic images. In such situations, careful study of 
the cr sagittal reconstructions referencing the shape and height of the odontoid in relation to other 
better-seen landmarks, such as the top of the anterior arch of Cl, can help define the actual borders 
of the odontoid on the fluoroscopic image. 

PITFALLS 

Odontoid screw fixation has been considered to be a technically demanding procedure; however, the 
refinement of the instrumentation, as described here, and improved imaging have made it less so. 
The procedure requires thorough preoperative planning and adequate surgical training. Determining 
the correct entry point, at the anterior margin of the inferior endplate, is critical. If entry is started 
more cephalad on the anterior surface of C2, the angle of inclination for fracture fixation often can
not be achieved, and the purchase is weaker, which may allow the screw to cut out of or migrate 
in C2 (Fig. 6-13). Poor odontoid purchase with subsequent screw back-out may also occur if the 
apical cortex of the odontoid tip is not fully engaged to ensure adequate purchase (F1g. 6-14). This 
is mandatory to achieve a lag effect between the fractured odontoid and the body of C2. 

AP and lateral fluoroscopy are essential for constant monitoring during all stages of this proce
dure, and the procedure should not be attempted without adequate imaging equipment. 

Clearly, choice of the propec screw length is also important for the screw to sit flush against the 
body of C2 proximally and not extend into the neural canal at its distal end. Failure to properly 
position the patient to achieve reduction and the needed trajectory to place the screws (both described 
in detail above) will make it difficult or impossible to achieve the desired result. 

FIGURE 6-13 
Poorly placed cannu lated screw 
whose insertion was started on 
the anterior face of C2. The screw 
head has migrated into the body of 
C2, and the screw tip is within the 
neural canal, almost to the foramen 
magnum and in an uncertain 
relationship with the odontoid. 
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A B 

FIGURE 6-14 
In another case, in an 18-year-old man, A: One screw went completely through the apical cortex (short arroW} 
while the other stopped a few millimeters short {longer arroW}. That small difference was enough to prevent a 
firm grip and allow the seoond screw to back out within 6 weeks of the initial surgery. When revised with a longer 
screw, it held well. {Copyright Dr. Ronald 1. Apfelbaum.) 

The surgeon must realize that the whole procedure is performed using fluoroscopic guidance. It is 
not useful to try to retract the neck soft tissues any more than is necessary to create a working tunnel 
The fixed retractors assure this. Hand retraction is difficult to limit and may result in excessive pha
ryngeal retraction and postoperative dysphagia. Trying to look up the numel to see C2 is not useful. 
All guidance must be obtained from the fluoroscopic images. No placement of the guide tubes and 
other tools to C2 and through the bone should be done without fluoroscopic guidance. 

SPECIAL CONSIDERATIONS 

Several options exist for treating odontoid fractures, which by definition are always unstable unless 
Cl is fused to C2. For mauy years, and especially before the development of this minimally inva
sive technique, halo immobilization was the preferred method. Despite the morbidity of prolonged 
immobilization, successful odontoid fusion can be achieved in approximately two-thirds of patients 
with halo immobilization. The risk of nonunion in patients over the age of 50 years with type II 
odontoid fractmes, however, was 21-fold greater with immobilization in a case-controlled study 
(28). and studies have also shown that type II odontoid fractures with more than 6 mm of initial 
radiographic displacement have a very high incidence of nonunion despite immobilization in a halo 
for 3 monthll (6). For patients with these fractures, it is reasonable and preferable to CODBider direct 
fixation of the fracture or Cl-C2 fusion. There are no studies looking at the maximum possible dis
placement in patients with odontoid fractures on flexion and extension images (for obvious reasons), 
so many patients with "nondisplaced fractures" also may have much greater offsets if the images had 
been taken at a different time. 

If halo treatment is chosen but fails, then anterior odontoid screw stabilization is still an option 
for patients within 6 months of injury, and the outcomes have been equal to those in fresh fractures 
(4). Chronically nonunited fractures (over 18 months) have fared poorly, so for these established 
nonunions, the best surgical alternative is posterior C1~2 arthrodesis, despite the accompanying 
loss of axial rotation. The morbidity and mortality of halo immobilization in the elderly is signifi
cantly higher than in younger patients, again suggesting that surgical fixation should be strongly 
considered (7). 
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The use of cannulated screws is controversial. In a prior version of this chapter, Dr. Sasso stated: 
''For three main reasons, I do not use this technique: First, it is very difficult to drive a K-wire 
exactly. It is much easier to make fine corrections to the trajectory of a 2.5-mm drill bit. It is impera
tive that the screw is perfectly placed in the odontoid fragment, and if the K-wire is not perfect, it 
is usually necessary to completely restart the drilling because the K-wire tends to follow the hole 
already made. Second, the K-wire may shear and break or may bind and drive into the spinal canal 
if the cannulated drill is not perfectly collinear. Finally, the bending and shear strength of the can
nulated screw is less than a solid screw of the same diameter." Dr. Apfelbaum agrees and feels even 
more strongly about this technique. Having become aware of serious (but unreported in the litera
ture) complications and fatalities from using a K-wire and cannulated screw technique, we feel even 
more strongly about this decision. These complications have resulted, in various instances, from not 
achieving the correct trajectory and/or from drilling or advancing the K-wire into the spinal canal, 
the spinal cord, and through the foramen magnum into the brain stem or vertebral artery. We are not 
aware of any such complications with properly placed solid screws. 

If a partially threaded lag screw is used, concern has been raised that some circumstances such as a 
high fracture may not allow the threads to be completely contained in the dens fragment and that these 
threads crossing the fracture site would keep the fracture distracted. The currently used screws have 
only a 10-mm threaded portion, which will not cross the fracture site, but, even with longer threaded 
portion screws previously used, we saw no failure to lag or other ill effects because the central bone at 
the fracture site is structurally weak and does not hold the screw. For this reason, we have not found it 
necessary to overdrill the body fragment to obtain the lag effect as some have recommended. 

Another concern has been raised that the anterior aspect of the C2-C3 disc space must be vio
lated to obtain the proper entry point; however, this usually involves removing only a very small 
piece of the anterior annulus at the screw insertion site at the inferior endplate of C2. The nucleus 
should remain intact, as will the anterolateral annulus. No long-term ill effects at this level have 
been observed. 

In elderly patients, osteopenia is a relative contraindication to anterior odontoid screw fixation. A 
perfectly placed screw, however, engages into the strongest bone at the tip of the dens (strengthened 
by the constant pull of the alar ligaments) and possesses a foundation in the very strong inferior 
endplate of C2. When good lag technique is implemented across the fracture, this construct may be 
quite stable even in osteoporotic patients. This strategy may be reasonable in the medically unstable 
geriatric population because the anesthetic morbidity is much less severe in the supine position than in 
the prone position required for a C 1--C2 fusion. Also, surgical morbidity is much less severe with an 
anterior cervical approach than with a posterior approach, and the bone graft harvest site is eliminated. 

POSTOPERATIVE MANAGEMENT 

Progressive ambulation is initiated immediately after surgery. A hard cervical collar may be worn 
postoperatively when it is desirable to reduce a patient's motion or activity levels. In most of the 
older patients who are not very active it may be omitted or used for only a few days to weeks. If the 
patient is unstable on his or her feet and likely to fall again, it may be prudent to consider using a col
lar for a longer period of time, because, although the fixed fracture is stable, it is only 50% as strong 
as the intact odontoid (36). No correlation has been observed between collar usage and outcomes, 
so our preference is to not use them and to encourage gentle regular neck motion to preserve neck 
mobility as the fracture heals. We do advise against bouncing, jarring, or other strenuous activity and 
to delay return to work if such activities are required. 

Mild dysphagia is common because of the retropharyngeal dissection and retraction. The latter 
can be minimized by using the self-retaining retractor system rather than handheld retractors. Most 
often the dysphagia will be mild and will resolve quickly, but occasionally it can be severe and 
require delayed feeding or the use of a feeding tube for a period of time. The incidence of dysphagia 
has been shown to be high in patients over the age of70 years (14), so medical staff should monitor 
patients carefully, but if the patient is able, we will have the patient resume oral intake immediately 
after surgery and progress quickly from a soft to a normal diet. 

Rehabilitation 
Unless dysphagia is a problem or they have other limiting medical issues, patients can usually be 
discharged in a day or two after surgery. The patient is encouraged to be active immediately. In the 
elderly, who may be timid to be active, we recommend that they "get out of the house" and take 
a walk daily if the weather permits. Home exercise equipment if available can also be used. We 
also encourage gentle range-of-motion exercises, stretching, and strengthening the cervical spine to 
regain full function. Formal physical therapy can be used if the patient is not able to do this alone. 
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COMPLICATIONS 

Complications of this procedure can be divided into approach-related ones and technical errors. The 
former group could involve injury to other structures in the neck, wound problems, and infections, 
but other than the dysphagia discussed above, these have rarely been observed or reported. 

Technical problems include an inability to anatomically reduce the fracture, difficulty positioning 
the surgeon's hand for proper drill trajectory because of interference with the patient's chest, and 
poor visualization of the odontoid on fluoroscopy because of osteopenia. All of these can reduce the 
chance of a successful outcome; however, refinements in instrumentation and fluoroscopic devices 
have overcome many of these issues. With experience, we have learned that two screws are very 
important in older patients to get a successful fusion. We also learned years ago that using a larger
diameter, 3-mm solid screw virtually eliminated screw breakage. Finally, as noted, if a cannulated 
technique is used, the K-wire may shear, bind, and drive into the spinal canal, resulting in subopti
mal screw placement at best and neurologic injury or death at worst. 

A better understanding of methods to realign the spine preoperatively and intraoperatively and 
an understanding of the technique as described above can eliminate or minimize problems due to 
poor screw placement. Incorrect entry site selection, failure to engage the distal odontoid cortex, or 
using too long a screw to get the lag effect can all lead to a failed fusion and may require additional 
treatment. 

With any biologic system, no treatment can be expected to be 100% effective; however, with 
careful preoperative and perioperative evaluation and careful attention to, and understanding of, 
the details of the procedure, anterior odontoid screw fixation has proven to be safe with a very high 
success rate and few serious complications. 

RESULTS 

Overall, studies reported in the literature have established this technique as an efficacious treat
ment of odontoid fractures (4,10,14,19,20,29,32). Complications and their incidences, reported in 
clinical series as results of direct anterior odontoid screw fixation, include screw malposition (2% ), 
screw breakout (1.5% ), and neurologic or vascular injury (less than 1%) (see comments above about 
nonreported serious complications). The procedure in several series has an aggregate fusion rate of 
94.5% (9 ,31 ,32). If the fracture is morphologically appropriate and if the patient is not osteoporotic, 
then reliable fixation with minimal morbidity and quick return to function without a halo can be 
expected. 

DISCLOSURES 

The instrumentation described in this chapter was developed by Dr. Apfelbaum in conjunction with 
Aesculap, AG and is available from the manufacturer. The author has no ongoing financial interest 
in this product and receives no remuneration in any fonn related to either the instrumentation or 
screws. 
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Anterior 
Cervicothoracic 
Approach 

C. Chambliss Harrod, Christian Klare, and Todd J. Albert 

INDICATIONS/CONTRAINDICATIONS 

The cervicothoracic junction anatomically and biom.echanically is a complex region transitioning 
from the lordotic highly mobile cecvical spine to the kyphotic, rigid thoracic spine (1). Anatomically, 
complex vascular, n:spiratory, alimentary villcera combined with local neurologic and OSseou.!l 

structures place a high demand on appropriate approach selection to obtain good outcomes (2). 
The spinal cord in this region is at its widest due to the cervical enlargement, while the bony canal 
volume is the amallest. Additionally, the upper thoracic cord is a wate.rahc:d area with the ante
rior spinal blood supply transitioning from the vertebral and cervical arteries to the intercostals. 
Anterior- and posterior-based approaches both carry advantages and disadvantages. Careful analysis 
of disease etiology, extent, and surgical goals allows the correct approach to obtain surgical goals
namely, decompression, stabilization, and arthrodesis. Posterior-based approaches include direct 
posterior (laminectomy) and posterolateral approaches (transpedicular, transfacet, costotransversec
tomy, lateral extracavitary). 

A number of anterior approaches to the cervicothoracic junction have been described including 
low cervical-supraclavicular (Smith-Robinson variant), transmanubrial-transclavicular, the modified 
anterior, the transstemal, and the high transthoracic (third rib resection) (3- 12,14). Each of these 
techniques bas its own unique advantages and disadvantages. Experience of the surgeon. cosurgeon 
availability, and familiarity with the approach and anatomy of the patient are of utmost importance 
when deciding on which approach to use. We diSCU88 the transmanubrial-tran8clavicular approach, 
which offers extensive, simultaneous exposure of the lower cervical and upper thoracic vertebral 
bodies of the cervicothoracic junction. 

Pathologic processes occurring at the cervicothoracic junction typically involve the vertebral 
bodies, making an anterior approach preferred. The most common indications for surgical interven
tion at the cervicotboracic junction include neoplasms (metastatic more common than primary), 
infections, and fractures (lS-17). Metastatic lesions widely outnumber primary lesions in all 
regions of the spine. Lymphomas, myelomas as well as solid cancers such as lung, bleast, pro8tate, 
renal, gastro.intestinal, and thyroid lesions are common metastatic or systemic neoplasia&. Primary 
lesions can be benign (hemangiomas, osteochondromaa, osteoid osteomas, aneurysmal bone cysts, 
giant cell tum01:8), malignant (osteosarcomas, chondrosarcomas), or locally invasive chordomas less 
frequently. Perhaps, the most common spinal lesion to the cervicothoiacic spine is a direct local 
invasion of a primary pulmonary mass (Pancoast tumor, historically tuberculomas) transpleural to 
the osseous spine or epidural space. Although these lesions may be approached posterolaterally in 
this region of the spine, sacrifice of unilateral or bilateral C8 and T1 nerve roots can be devastating 
and avoided by utilizing anterior resection and reconstructions (13). Also, mediastinal tumors such 
as neuroblastomas or ganglioneuroma& can impinge on the spine or epidural space. Often, the natu
ral progression of diseases at the cervicothoracic junction includes anterior collapse of the vertebral 
bodies with resultant kyphosis increasing the difficulty in obtaining adequate surgical exposure. 
Commonly, these procedun:s will need additional supplemental posterior stabilization. 
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PREOPERATIVE PREPARATION 

Adequate preoperative planning entails two main factors: understanding the anatomy of the cervi
cothoracic junction and the thoracic inlet and adequately imaging/localizing the pathology. Crani
ally, the Smith-Robinson anteromedial approach to the lower cervical spine can be utilized with 
dissection proceeding through the platysma, between the strap muscles, trachea, esophagus, thy
roid, and parathyroid glands medially and the sternocleidomastoid (SCM), carotid sheath (common 
carotid artery, internal jugular vein, and vagus nerve) laterally. Caudally, the first thoracic structures 
encountered are osseous and include the manubrium, sternum, medial third of the clavicle, and their 
articulations in addition to the insertions of the strap and SCM muscles. These structures protect the 
thymus, great vessels, thoracic duct, and pleural structures laterally. Notably, the brachiocephalic 
and subclavian veins right brachiocephalic artery and arch of the aorta, left subclavian artery, the 
carotid sheath, and recurrent laryngeal nerves (RLNs) will be encountered. 

Imaging of this area is often difficult to assess with plain radiography though ''winking eye" 
(pedicle erosions) can be seen while also being classified as osteolytic or osteoblastic. Swimmer's 
lateral, oblique, flexion-extension views can aid in visualizing the junction, neuroforamen, and 
destabilizing nature. However, computed tomography better assesses both fractures and the extent 
of osseous pathology. Most importantly, MRI best assesses the extent of spinal cord compression 
with or without intradural extension. Gadolinium administration with enhancement is particularly 
useful with neoplasms and infection associated with abscess formation. Vascularity of lesions is 
important to identify which patients might benefit from arteriography and embolization to avoid 
catastrophic blood loss. Lastly, careful attention to the lateral extension cervical spine radiographs 
and midsagittal CT or MRI images will allow identification of the most caudal vertebra or disc 
space to be accessed without splitting midline osseous structures. In thin, long-necked patients, T2 
is possible via the standard anterior approach to the neck. Contrastingly, short-necked patients can 
make access even to C6--C7 difficult. The following technique relates to the anterior transmanubrial
transclavicular approach to the cervicothoracic junction. 

PATIENT POSITIONING 

The patient should be positioned supine on a regular radiolucent operating table with a rolled towel 
between the scapulae, allowing for slight extension of the neck. We use multimodality neuromoni
toring employed with a combination of transcranial motor evoked potentials, somatosensory evoked 
potentials, and free-running EMGs to monitor the spinal cord throughout the procedure. After 
preintubation motor baseline potentials are obtained, intubation is performed along with appropri
ate hemodynamic access and monitoring via the anesthesia team. The table is then reversed 180 
degrees from anesthesia to allow additional room for fluoroscopic imaging during the procedure. H 
intraoperative traction is used, Gardner-Wells skull tongs are placed after induction of anesthesia 
with baseline of 1 0-pound traction placed with aid of a Mayfield horseshoe head holder. We do not 
routinely use them for cases needing carpectomy at Tl or below. Care must be taken to pad bony 
prominences and ensure safety of peripheral nerves. The patient's arms should be tucked at his or 
her sides. We tape down the shoulders firmly to help with fluoroscopic evaluation of the cervicotho
racic junction (or the most caudal cervical vertebrae). We also monitor the brachial plexus and check 
the signals after taping of the shoulders. We do clip any chest hair on male patients and then drape 
out our operative field from the lips to 3 em below the xiphoid process caudally and laterally along 
the midaxillary lines crossing the acromioclavicular joints and then cranially to the SCM insertions 
at the mastoid processes. After scrubbing skin and prepping with ChloraPrep, a World Health Orga
nization ''time-out" is performed to verify the details of the procedure and equipment and review 
major intraoperative risks with the anesthesia, surgical, and nursing teams. 

TECHNIQUE 

Low Cervical Approach (Smith-Robinson) 
We utilize an anterolateral oblique skin incision along the anterior border of the SCM muscle, 
extending to the sternal notch and continued along the anterior aspect of the sternum distal to the 
manubriostemaljunction (Fig. 7-1). Supraplatysmal subcutaneous flaps are elevated (Fig. 7-2), and 
the platysma is split in line with the skin incision using Bovie electrocautery (Fig. 7-3). Subplatys
mal flaps are then created with Metzenbaum scissors caudally to the sternal notch, sternoclavicular 
(SC) joint, and medial clavicle laterally. The external jugular veins may be sacrificed for increased 
exposure if necessary. Knowledge of the fascial layers of the neck is mandatory for safe dissection. 
The superficial cervical fascia (splits into superficial and deep layers enveloping the platysma), 
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FIGURE 7-1 

The field has been prepped and draped, and the combined 
oblique low cervical and midline transmanubrial incision has 
been made. 

deep i:Dvesting cervical fascia (splits anteriorly to envelop the SCM and posteriorly the trapezius 
muscles), pretracheal fascia (separate8 the trachea-laryngeal cartilage-esophagus medially from the 
carotid sheath laterally), and prevettebral fascia (between the longus colli muscles overlying the 
vertebrae and discs) compose the cervical fascia layers. The retropharyngealspace runs from the cli
vus into the mediastinum ventral to the prevertebral fascia. Careful dissection of the deep investing 

FIGURE 7-2 

After incision, dissection is first performed cranially at 
the low cervical oblique Smith-Robinson approach. Met
zenbaum scissors are being used to create supraplatysmal 
flaps to allow maximal wound mobility. 
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FIGURE 7·3 
The platysma is split in line with the skin 
incision with the Bovie electrocautery. The 
superficial cervical fascia splits to encom
pass the platysma allowing supra- and 
subplatysmal dissection. We eventually repair 
this with absorbable 2-0 interrupted suture at 
the end of the procedure. 

PART I Cervical Spine 

cervical fascia is performed medial to the SCM: muscle, al.lowing for the mobilization and release 
of the omohyoid muscle (Fig. 7-4). This muscle does not typically need to be reapproximated or 
repaired unless operating on a vocalist 

Exposure and splitting of the pretr:acheal fascia allow for the careful dissection in an interval 
between the trachea and esophagus medially and the carotid sheath laterally (Fig. 7-5). The 
thoracic duct, located at the level ofTl, is found lateral to the carotid sheath before entering the left 

FIGURE 7·4 
The strap muscles lie deep to 
the platysma medially, while the 
SCM lies laterally. The superficial 
strap muscles are the sternohyoid 
medially and the omohyoid laterally, 
which is being sacrificed here. We 
typically do not repair this muscle 
except in vocalists. 
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FISURE 7·5 

After splitting the middle fascial 
layer, the deep investing cervical 
fascia (large white arrow) of the 
neck (enclosing the SCM and 
trapezius muscles); the areolar 
plane between the laryngeal 
cartilage, thyroid g I and. trachea. 
and esophagus medially; and the 
carotid sheath (common carotid 
artery seen at small black arrow) 
laterally after feeling for the pulse. 

subclavian vein. The surgeon can mitrimize risk to the duct by staying medial to the carotid sheath. 
The RLN can be found in the tracheoesophageal groove on the left side after looping around the 
arch of the aorta caudally (nota bene, on the right side; the RLN enters more cranially and less pre
dictably after looping around the subclavian vessels). The nerve can be safely retracted medially by 
keeping the retractor deep to the strap muscles, trachea, and esophagus. A Richardson or Cloward 
retractor is placed medially and an Army Navy retractor laterally. A Cloward or large Richardson 
retractor should be used because its broad, smooth face allows for an even distribution of pressure, 
minimizing risk of eaopbageal iBchemia and perforation. The surgeon's 888i.Jrtant must keep the 
retractor deep to the esophagus and take care not to let the rettactors slip superficially. Through 
superficial migration and/or repeated concussion with the retractor, they can cause a neuropraxia to 
the RLN. The surgeon then utilizes blunt finger dissection of the retropbaryngeal space to expose 
the prevertebral fascia (Fig. 7-6) and continues this dissection retrostemally. 

Thoracic Transmanubrial-Transclavicular (Medial Third) Osteotomy 

Attention is then turned to the caudal thoracic extent of the approach. After incising the sterno
hyoid superficially and sternothyroid muscles deep to access the sternal notch, retrostemal finger 
dissection allows for displacement of the thymus, great vessels, and inferior thyroid arteries in 
order to protect these structures, while Bovie electrocautery is being used to expose the manu
brium down to the angle stemomanubrial angle of Louis (Fig. 7-7). A sponge takes the place of 
the surgeon's finger and is placed retrostemally while the manubrium is split along the midline 
using a saw with footplate attached to protect the mediastinal structures (Fig. 7-8). The junction 
of the medial and middle third clavicular diaphysis is exposed subperiosteally with Bovie elec
trocautery dorsally and then a bone elevator to stay strictly subperiosteal to avoid injury to the 
left subclavian vein, which is closely apposed to the posteroinferior surface of the clavicle. After 
p888ing a sponge beneath the clavicle, a Gigli saw, sagittal saw, or osteotome may be used to split 
the clavicle (Fig. 7-9). With great care to ensure no medial internal mammary artery exists, a 
transverse manubrial osteotomy is then performed (Fig. 7-10), creating and allow.ing elevation of 
a manubrial window (Fig. 7-11). 

After the retractors have been carefully placed, the left brachiocephalic vein and arch of the 
aorta are seen distally. Along with the esophagus and trachea, the right brachiocepbalic artery and 
vein are retracted to the patient's right with handheld dynamic Cloward retractors or static rettactor 
systems. Retracted to the left are the sternomanubrial bone fragment with attached SCM, carotid 
sheath, and subclavian veins. A malleable Deaver retractor with sponge is used in the inferior aapect 
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FIGURE 7·6 
Blunt finger dissection best defines the plane 
to prevertebral fascia overlying the "humps• 
(discs) and •valleys• (vertebral bodies) lying 
between the longitudinal longus colli muscles. 

PART I Cervical Spine 

of the operative field to gently rettact the thymus, left bmchiocephalic vein, and arch of the aorta 
(Fig. 7 -12). With the retractors in place, caudal exposure of the prevertebral fascia can be performed 
down to T3. At this point, the exposure ia adequate for the remainder of the indicated procedure. We 
will discuss corpectomy of Tl and T2 with placement of a cage followed by anterior stabilization 
with a plate. 

FIGURE 7·7 
After incising the sternohyoid super
ficially and sternothyroid muscles to 
access the sternal notch (but preserving 
the SCM attachment to the medial clav
icle and SC joint capsule), retrosternal 
finger dissection allows for displace
ment of the thymus, great vessels. 
and inferior thyroid arteries in order 
to protect these structures while Bovie 
electrocautery is being used to expose 
the manubrium down to the angle 
sternomanubrial angle of louis. 
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Decompression 

FIGURE 7-8 
Midline manubrial osteotomy. A sponge 
takes the place of the surgeon's finger 
and is placed retrosternally while the 
manubrium is split along the midline 
using a saw with footplate attached to 
protect the mediastinal structures. 

Level confinnation of the appropriate vertebral levels is crucial and is accomplished with a lateral 
radiograph taken with a spinal needle bent 90 degrees twice inserted into a cervical disc space 
with counting down from the C2 body (Fig. 7-12). Once the proper levels are confirmed, amm
lotomy and initial disc removal with a combination of pituitary rongeurs, curettes, Kenison, and a 

FIGURE 7·9 
Medial clavicular exposure and oste
otomy. After passing a sponge beneath 
the clavicle, a Gigli saw, sagittal saw, 
or osteotome may be used to split the 
clavicle. 
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FIGURE 7·10 
Transverse manubrial osteotomy. With great care to ensure no 
medial internal mammary artery exists, a transverse manubrial 
osteotomy is then performed. creating and allowing elevation 
of a manubrial window. 

PART I Cervical Spine 

high-speed burr with a 3-mm matchstick or acorn-style tip are used to perform cranial and caudal 
discectomies back to the posterior osteophytes or the posterior longitudinal ligament (PI.L). Caspar 
pins are placed into the vertebral bodies immediately cephalad and caudad to the level of planned 
corpectomy, in this case C7 and T3 (Fig. 7-13A and B). Distraction across the Caspar pins will 
aid in posterior discectomy. The midline is marked and a ruler used to measure the width of the 
planned corpectomies (Fig. 7-14A). Initial bua troughs laterally set the boundaries; then a large 

FIGURE 7·11 
Resulting manubrial window. Note the intact SCM, SC capsule 
and join~ and medial clavicle. 
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FIGURE 7·12 
Level identification. Level confirma
tion of the appropriate vertebral levels 
is crucial and is accomplished with a 
lateral radiograph taken with a spinal 
needle bent 90 degrees twice inserted 
into a cervical disc space with count
ing down from the C2 body. 

rongeur ill used to remove the vertebral bodies down to the posterior vertebral wall (Fig. 7-14B). 
The corpectomy is then completed with a nerve hook elevating the PLL and posterior vertebral wall 
carefully, while a 2-mm Kenison punch completes the bony and PLL resection along the entire 
defect from C7 inferior endplate to the T3 superior endplate (Fig. 7-14C). 

Reconstruction 
The resulting defect is measured with a caliper to determine proper cage size (Fig. 7-14D). 
Endplates are decorticated with the high-speed burr to gently bleeding bone. An endplate trial tem
plate is placed against the caudal-most exposed vertebral body to estimate the cage footprint and is 

A 

FIGURE 7·13 

B 
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Discectomies are performed above and below the planned carpectomy sites. Gaspar pins are placed into the vertebral bodies 
immediately cephalad and caudad to the level of planned carpectomy, in this case G7 and T3. 
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B 

A 

c D 

FIGURE 7-14 
Carpectomy. The midline is marked and a ruler used to measure the width of the planned carpectomies (A). Initial burr 
troughs laterally set the boundaries: then a large rongeur is used to remove the vertebral bodies down to the posterior vertebral 
wall (B). The carpectomy is then completed with a nerve hook elevating the PLL and posterior vertebral wall carefully, while 
a 2-mm Kerrison punch completes the bony and PLL resection along the entire defect from C7 inferior endplate to the 
T3 superior endplate (C). A caliper (D) measures the defect. 

A B 

FIGURE 7-15 
Template endplate size. Use of commercial end plates or a depth gauge protects against overly large or posteriorly placed 
implants. We often use a depth gauge as well. 
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A 

c B 

FIGURE 7·16 

An expandable titanium cage (Globus Medical, King of Prussia, PA) is packed with local autologous graft (A), inserted into the 
defect (B), and using laterally fluoroscopy expanded once appropriate depth has been chosen (C). 

confirmed with fluoroscopy not to be in the canal (Fig. 7-lSA and B). The proper-sized expandable 
cage is selected and packed with harvested local bone graft (Fig. 7-16A), is fastened to an .inserter, 
and is placed into the defect (Fig. 7-16B). Prior to cage expansion, fluoroscopy confirms proper 
amount of depth above and below the cage (Fig. 7 -16C). Once the conect depth is achieved, the cage 
is expanded, securing it in place. Final positioning and orientation of the cage are confirmed with 
11uoroscopy followed by the placement of a static titanium anterior plate with four self-drilling and 
self-tapping screws (Fig. 7-17A-C). 

Closure 
The manubrium is then wired anatomically with 16-gauge sternal wires, while we prefer suture repair 
of well-preserved periosteum over plate fixation of the medial clavicle (Fig. 7-18). We repair the strap 
muscles; typically do not repair the omohyoid; leave deep retropharyngeal space closed suction drains 
x2, which are stitched in place; and close in layers the platysmal, subdermal, and subcuticular layers 
with 2-0 Vicryt, 3-0 Vicryl, and 4-0 Monocryl. In this case, posterior supplemental fixation was added 
to further stabilize the construct with a hybrid pedicle screw-hook construct (Fig. 7-19A and B). 

ALTERNATIVE TECHNIQUES 

Low Cervical Smith-Robinson or Supraclavicular Approach 
Without Osteotomy 
Other techniques have been utilized in the literature for accessing cervicolhoracic junction pathol
ogy anteriorly. We have been able to perform corpectomy down to T2 without splitting the 
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A 

FIGURE 7-17 
Cervicothoracic anterior plating. An 
anterior plate is anchored with variable 
angled screws (A). The radiographs 
are taken in the lateral (B) and AP (C) 
planes. Notable is the sternal wiring 
reconstruction. c 
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B 
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FIGURE 7·18 
Sternal wiring reconstruction. Performed with sternal 
16-gauge sutures. 

B 
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FIGURE 7-19 
AP (A) and lat (B) 
fluoroscopic images 
demonstrate the final 
construct after posterior 
supplemental fixation 
from C5 to T5. 
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ID.aii\lbriW:O. stemum, or clavicle to decompress a postoperative anterior cervicothoracic ventral 
epidural hematoma after C4-C7 anterior cervical diskectomy and fusion (Fig. 7-20A-C). Alterna
tively, use of a supraclavicular transverse incision can allow access to Tl or T2 (Fig. 7-21). One of 
these techniques, the modified anterior approach, utilizes the same skin incision and initial dissec
tion. However, the clavicle is sectioned at the medial third and disarticulated from the manubrium 
(in contrast to the manubrial window created in the previously discussed approach). The removal of 
the medial third of the clavicle allows for adequate exposure of the thoracic vertebral bodies. How
ever, leaving the manubrium in place can create an oblique approach to the upper thoracic vertebral 
bodies, which may make instrumentation and screw placement difficull 

A 

FIGURE 7·20 
Intraoperative photo demonstrating evacuation 
of ventral epidural hematoma {dark compressive 
space-occupying lesion at tip of suction in [A]) 

B 

via T1 and T2 carpectomy with ICBG allograft strut 
reconstruction (C) from a low anterior cervical 
approach without osteotomy followed by supple
mental posterior fixation (B). Note the caudal end 
of the cranial plate in C7 vertebral body. Non
FDA-approved lateral mass fixation was used in the 
subaxial cervical spine for fixation with T1 and T2 
pedicle screw placement. c 
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Transthoracic (Third Rib Resection) 

FIGURE 7-21 

Left transverse supraclavicular inci
sion for approach to ventral cervi
cothoracic junction. 

Another technique iDvolves a proximal thoracotomy with removal of the third rib, typically. The 
patient is placed in the left lateral decubitus position and then rolled 30 degrees toward the supine 
position. The akin incision is DUide over the rib to be resected, beginning at the anterior axillary line 
and extending laterally and posteriorly to the l.ate.ral border of the right para.spinal muscles. The 
latissimus dorsi and trapezius muscles are sectioned and then retracted. Rib resection is carried out 
by cutting the rib as far anteriorly and posteriorly as possible. Care is taken to protect the intercostal 
nerve, vein, and artery. A rib cage spreader is placed, and a wet towel is used to cover the right lung 
before it ia retracted anterimly. We prefer to use a double-lumen endotracheal tube and let the lung 
down at this poinl With this technique, the exposure to the fu:st four thoracic ribs is adequate, but 
access to the lower cervical vertebrae is often difficult In addition. this approach carries the added 
morbidity associared with chest tubes and lung manipulation. The sympathetic chain ganglion ia also 
at risk in this exposure.I:Djury can lead to Horner syndrome (ipsilateral miosis, ptosis, anhidrosis). 

Transstemal Approach 
Another alternative is the transsternal approach. It should be noted that the sternal-splitting approach 
does not provide any more exposure than that obtained with the transmanubrial-tra.nsclavicular m 
modi1ied anterim approach. However, it does add a substantial mmbidity risk, with the potential for 
sternal wound infection. which could require extensive muscular flap coverage. 

POSTOPERATIVE MANAGEMENT 

Most patients should be immobilized routinely during the postoperative stage for a period of 6 
to 12 weekB. Tb:i.s length of time will vary depending on the patient's physiologic status, specific 
pathology, and the degree of bony healing corresponding to radiography. Our practice prefers to 
place patient into an Aspen collar (Aspen Medical Products, Long Beach, CA) with a T extension. 
This ia a rigid-type collar consisting of two pieces, front and back, that are attached on the sides by 
Velcro. It is usually wmn 24 hours a day, and patients are typically more comfortable if comstarcb. 
or a silk scarf is applied next to the skin, underneath the collar. Other alternatives to consider include 
the Minerva and sternal-occipital-mandibular immobilizer braces (Orthomed, Johannesburg, South 
Africa). A halo apparatus affmds the most rigid fixation of the cecvical spine available, but is used 
only in cases of unstable fractures or multipl~level complex cervical spine surgery. It consists of 
a titanium halo ring that ia placed around the patient's head and is held in place by four pins in the 
skull. The ring is connected to four bars that attach to a vest worn by the patient anchoring the halo 
device and holding the neck in place. 

105 



106 PART I Cervical Spine 

COMPLICATIONS 

The complication rate and type encountered are also similar to that of other more common superior 
approaches to the neck, but have the added morbidity associated with entering the lung cavity and 
the potential for injuring thoracic inlet vessels. The thoracic duct is in danger of being injured if the 
surgeon strays too far laterally from the carotid artery. Disrupting this vessel could lead to notable 
leakage of lymph fluid, causing a chylothorax. Staying medial to the carotid sheath will avoid this 
problem The thoracic duct should be repaired primarily even though the tissues may prove to be 
extremely friable. Vascular injury can also occur to venous structures, including the brachioce
phalic and subclavian veins, in addition to arterial structures, which consist of the carotid artery 
and aortic arch. Immediate attention must be given to achieving hemostasis by the primary repair of 
any injured vascular structures. Occasionally, pressure necrosis resulting in perforation or indirect 
injury to the esophagus may occur, leading to a possible life-threatening retropharyngeal abscess 
or mediastinitis. At the end of every procedure, it is routine practice to flood the esophagus with 
dilute indigo carmine (5 mL in 60-mL saline) via a retracted orogastric tube and to look for blue dye 
leakage to ensure no occult injury has occurred. As mentioned previously, sternal wound infections 
can often lead to increased morbidity requiring muscular flap reconstruction when the transstemal 
approach is used. Moreover, as with all neck dissections, injury to the RLN can occur and may result 
in hoarseness and dysphagia. More care has to be taken to keep retractors deep to the esophagus and 
not in the tracheoesophageal groove where the nerve can be injured by repetitive concussion with a 
retractor. A final note is that an extremely rare complication of shoulder girdle weakness may arise 
because of the resection of the SC joint. It is thought that this problem may only be substantial in 
younger patients who are left handed. 

RESULTS 

On average, neurologic results depend on preoperative status and underlying disease process. 
Myelopathy secondary to tumor, infection, or disc herniation can recover one to two Nurick grades. 
In addition, patients can expect to achieve approximately 20-degree correction of kyphosis post
operatively. Shoulder dysfunction occurs rarely, and swallowing dysfunction is usually temporary. 
Finally, most patients recover quite well from this procedure, with the vast majority experiencing 
notable pain relief and a timely return to independent ambulation. 

CONCLUSION 

These approaches are useful for pathologies of the difficult-to-access upper thoracic spine (Tl-T4 ). 
If careful anatomic and dissection principles are achieved, then successful outcomes can be obtained 
and complications can be kept to a minimum. 
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Posterior Ce 
Microdiscectomy/ 
Foraminotomy 

Michael P. Kelly and K. Daniel Riew 

INDICATIONS 

The ideal candidate for a lamiooforaminotomy is one who has radicular pain without constant numb
ness or profound weakoe8s. This is because, with pain, one knows immediately postoperatively if 
the operation was a succe&'l. With constant n11IIllmess or weakness, it can takl: time for the deficiu to 
resolve, and sometimes, it never improves. During that time, one wonders if the deficits are persist
ing because of inadequate decompression, irrevem"ble deficits, or insufficient time for the ne.rve.s 
to recover. Magnetic resonance imaging (MRI) and even computed tomography with myelography 
may show persistent stenosis, bat there is no way to know if further anterior surgery will help or not. 
Therefore, while we have performed laminoforaminotomies in patienl:8 with neurologic deficil:8, we 
do so with ttepidation and warn the patient in advance of the downsides to doing this procedure in 
such cases. 

We pay particular attention to the Spurling maneuver. We have found that the ideal candidate is 
one in whom doing the Spurling maneuver increases the pain whereas forward flexion eliminates 
it. If the pain persists upon forward flexion and the patient does not have a herniated disc, a simple 
foraminotomy is not likely to improve the pain. This is because a laminoforaminotomy will not alter 
ventral root compression from an uncinate spur when the patient flexes the neck postoperatively. 
The exam should include provocative maneuvers for compressive neuropathies, such as cubital 
tunnel and carpel tunnel syndromes, and shoulder pathologies, such as rotator cuff tendinitis and 
impingement syndrome. 

After determining the level of the pathology, we often utilize transforaminal epidural steroid 
injections (TESI) or selective nerve root blocks as both a diagnostic and therapeutic intervention. 
AB the therapeutic effects are inconsistent. we remind the patient to pay close attention to the relief 
achieved in the first several hours, while the local anesthetics are active. 

Radiculopathy due to 

• Disc herniation causing foraminal stenosis 
• Uncinate hypertrophy causing foramina! stenosis 
• Facet joint (superior facet greater than inferior facet) cauaing foram:inal stenosis 

• In our practice, a positive Spurling maneuver, with improvement upon flexion, predicl:8 a 
successful posterior foraminotomy. 

CONTRAINDICATIONS 

• Central compression. 
• Compressive pathology causing asymptomatic T2 signal intensity in spinal cord as seen on MRI. 
• Dynamic instability at the level undergoing decompression is a relative contraindication. 
• Not recommended for patients having undergone previous foraminotomy or laminectomy or 

those with a profound neurologic deficit. 
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FIGURE 8·1 
A: Preoperative upright, 
AP radiograph. The 
patient is a 64-year-old 
gentleman with a right 
C4 radiculopathy that 
failed to respond to 
nonoperative interven
tions, including TESI. 
B: Upright lateral radio
graph. C: Right oblique 
radiograph. D: Left 

PART I Cervical Spine 

PREOPERATIVE PREPARATION 

One must understand the anatomy of the foramen. with the relations of the nerve root to the offend
ing pathology (1,6). The lateral aspect of the spinal canal is bound dorsally by the inferior and 
superior lamina and the adjoining ligamentum flavum. The medial aspect of the facet joint defines 
the entry to the neural foramen. The superior and inferior borders of the foramen are the cranial and 
caudal pedicles, respectively. Ventrally, the foramen is bound by the intervertebral disc, the cranial 
vertebral body, and the uncovertebral joint. Do.rsally, the foramen is bound by the facet joint, with 
1 to 2 mm of the inferior facet of the superior vertebra and the entire superior facet of the inferior 
vertebra. Thus, compression can be from ventral uncovertebral hypertrophy, a soft disc, a "hard" 
disc-osteophyte complex, or facet jo.int hypertrophy. 

Plain radiographs (anteroposterior [AP], lateral upright, lateral flexion/extension, obliques) 
(Fig. 8-lA-F) should be obtained prior to any higher-level imaging. The oblique radiographs are 
of particular utility when looking at the foramen, revealing both uncinate hypertrophy and facet 
joint osteophytes. :rvnu (Fig. 8-2A and B) should be used to identify areas of central and foraminal 
stenosis. An oblique, parasagittal view is ideal to visualize the neuroforamen (Fig. 8-2C). Often, the 
etiology of the stenosis can be determined as well (e.g., soft disc herniation, uncinate hypertrophy). 
In some cases, computed tomography scans may be used to identify disc-osteophyte complexes and 
ossification of the posterior longitudinal ligament. Coronal and sagittal reformats sometimes aid in 
surgical planning. 

TECHNIQUE 

We prefer to position the patient prone on an open Jackson frame (Orthopedic Systems, Inc., Union 
City, CA), with the neck flexed and the head held with Gardner Wells tongs in 15 pounds of axial 

A B 

oblique radiograph. c D 
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E F 

traction. We will position the patient in reverse Trendelenburg, to encourage pooling of blood in 
the lower extremities to minimize blood loss and to bring the field into better view for the surgeon 
(Fig. 8-3). The support frames are placed at the top rung at the head and the bottom rung at the foot. 
This maximizes the reverse Trendelenburg position. 

• Some have advocated positioning the patient in an upright, "beach chair''-type position, though 
this raises the risk of an air embolus complicating the procedure. Blood loss is less, however. The 
main disadvantage is that it is somewhat less comfortable for the surgeon. 

The chest and pelvis are supponed with bolsters, and the legs are placed in a sling. The hands, 
wrists, and elbows are well padded and then secured to the sides of the patient with a sheet. 

A 

FIGURE 8-2 

B 

FIGURE 8-1 
(Continued) 

111 

E: Preoperative flexion 
radiograph. F: Pre
operative extension 
radiograph. 

A: Midsagittal STIR MRI. B: Axial T2-weighted MRI at C3-C4. A right paracentral disc herniation is causing foramina I stenosis. 
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FIGURE 8·3 
We position the patient on a posted, 
open frame table in maximum 
reverse Trendelenburg position. 

PART I Cervical Spine 

Minimal traction is applied to the shoulders, and they are taped in this position. Pulling too hard on 
the shoulder will stretch the nerve and make it more difficult to mobilize the root if a discectomy is 
necessary. 

Neurologic monitoring is accomplished with transcranial motor evoked potentials and somato
sensory evoked potentials. This has alerted us to excessive traction on the brachial plexus due to 
positioning, so our preference is to use neuromonitoring for all cases. 

Multiple techniques for visualization have been described: 

1. Open 
2. Open with microsurgical techniques 
3. Endoscopic with tubular retractors 

• We prefer to perform the procedure in an open fashion, using the floor-mounted microscope 
to perform the approach and decompression. This allows excellent thre~ional imaging 
and allows an assistant or trainee to see the operative field with minima) obstruction. While 
endoscopic techniques also work well and can decrease the incision size by about 5 mm, it 
requires fluoroscopic guidance, exposing the surgeon and patient to more radiation. An open 
technique typically requires just one localizing x-ray. 

After prepping and draping in the usual fashion, we palpate the spinous processes of C2 and 
C7 and determine the level of our incision accordingly. 'JYpically, a 2.5-cm. incision will suffice 
for a single-level foraminotomy. H bilateral forami:notomies are planned, then a midline incision 
is made. H a unilateral decompression is needed, the incision is made 1 em lateral to the .midline. 
In either case, a midline dissection is carried out from the spinous process, dividing the supra
spinous ligament and the interspinalis muscle in the midline. Contrary to popular belief, there is 
no interspinous ligament. so there should not be any attempt to preserve it Dissecting lateral to 
the interspinalis muscle devascularizes it, so stay in the avascular and amuscular midline plane. 
Subperiosteal disse<:tion is used to expose the lamina, but the facet capsule is preserved. The 
lateral aspect of the joint should be identified. but the exposure should not go past 1he lateral aspect 
of the joint, as there i.s a venous plexus that will bleed when disturbed (Fig. 8-4). In addition to 
subperiosteal dissection, muscle splitting approaches have been described, both open and using 
tubular retractors. 

Care not to di.stw:b the facet joint must be taken. The inferior lamina of the superior vertebra and 
the superior lamina of the inferior vertebra must be clearly identified. The confluence of these lami
nae, at the medial border of the facet joint, is termed 1he "interlaminar V'' (Fig. 8-SA). This defines 
the medial border of the decompression to be performed (Fig. 8-SB). With a minimal incision 
(2.5 mm), one can use 2-hook retractors on a McCulloch (V. Mueller, Waukegan, H.) retractor or 
any of the available tubular retractors (Fig. 8-4). 

Prior to starting the foraminotomy, one must ensure that the head i.s placed in maximal flexion. 
This di.sttacts the facet joint, exposing the superior facet more clearly for resection, and allows for 
preservation of more of the inferior facet (Fig. 8-6). 

• Hone is performing a fusion in addition to the decompression, then preservation of bone stock is 
critical to achieve adequate screw fixation and to leave bone stock for the fusion to heal. 

Using a high-speed, blunt, mat£hstick-shaped burr, we will resect the inferior facet, again taking 
care not to resect more than 50% of the joint in the mediolateral dire<:tion and preserving as much 
proximal bone as is possible. Resection of the inferior facet will expose the superior facet of the 
inferior vertebrae (Fig. 8-7). This defines the posterior border of the foramen. We prefer to resect 
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FIGURE 8-4 
Subperiosteal dissection to the 
lateral border of the facet joint. 

the superior facet with the same blunt, matchstick burr. Some advocate using a Kerrison rongeur 
to resect the facet and perform the decompression. We avoid this as the placement of the Kerrison 
tip, under the superior facet, may cause injury to an already compromilled nerve root as it enters 
the stenotic foramen. If the majority of the decompression is complete, then a 1-mm. back-angled 
curette or 1-mm. Kerrison may be used to complete the resection of the facet. Continuous irrigation 
and suction will assist with visualization, removing blood and bone dust AB the foramen ill bound 
by the pedicles cranially and caudally, the decompression must go out to the lateral border of the 

IAF 

A B 

FIGURE 8·5 
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A: The "interlaminar V." which defines the medial border of the foramen to be decompressed. B: The decompression begins at 
the "interlaminar v· with a high-speed burr. 
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FIGURE 8·8 
Flexion of the neck exposes the 
superior articular facet (SAF), 
allowing for preservation of more 
inferior articular facet (IAF). 
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pedicle. Again, one must take care not to resect more than 50% of the joint in doing so, as this may 
cause iatrogenic instability. We will angle the burr, to undercut the ventral aspect of the superior 
facet, again preserving as much dorsal bone stock as is safely possible. This will prevent leaving a 
sickle-shaped decompression, which may result in persistent neural compression (Fig. 8-8). At this 
point. 1he bony decompression is complete (Fig. 8-9). 

In some cases, a soft, foramina! disc herniation may be present. Careful removal of this frag
ment through this foraminotomy is possible. To access the fragment, often one must remove the 
superom.edial portion of the caudal pedicle. Resection of 2 mm (one burr tip head diameter) is often 
sufficient to provide access without weakening the pedicle. At this point, a micro ball-tipped nerve 
hook may be placed under the exiting nerve root to remove the fragment. Gentle manipulation is 
essential to avoid undue traction on the nerve root or the spinal cord medially. The hook may be used 
to .. sweep" the fragment into the field, where it is removed with a pituitary rongeur. This same nerve 
root hook is used to confirm an adequate decompression. The hook should probe from the superior 
pedicle, laterally, and around to the inferior pedicle without difficulty. 

Prior to cl08W'e, we will ensure hemostasis using bipolar electtocautery and a collagen hemostatic 
product. The wound is irrigated with nonpulsatile, normal saline. We then place 0.5 to 1.0 mL of 

FIGURE 8-7 

Medial portion of inferior articular 
facet (IAF) resected, exposing the 
superior articular facet (SAF). The 
entry to the foramen is exposed. 

SAF 
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FIGURE 8-8 

The SAF has been removed. Notice 
the sickle-shaped (white arrow) SAF 
fragment. This must be resected 
with a back-angled curette or 
Kerrison rongeur. 

a particulate corticostl:roid in the perineural area and 250-mg vancomycin powder in the wound 
prior to closure. The wound is closed in multiple layers, taking minimal ''bites" of the paraspinals 
to approximate the muscle to the midline. In addition to improving c08JDC8is, :reapproximating the 
muscular attachments restores their length-tension properties and decreases postoperative neck. pain, 
in our experience. 

PEARLS AND PITFALLS 

• Not knowing the anatomy of the fora.men dooms the surgery to failure. 
• A positive Spurling maneuver, with improvement on forward flexion, helps define pathologies 

that may be successfully managed with a posterior foraminotomy. 
• The ideal patient only has pain and no neurologic deficits. 

FIIURE 8-9 
The "sickle" has been removed, 
and a nerve hook Is used to palpate 
the lateral border of the pedicle; 
confirming the decompression is 
complete. 
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• Preoperative segmental kyphosis and previous posterior cervical surgery may be risk factors for 
a poor outcome (3). 

• An intraoperative radiograph or fluoroscopic image must be obtained to minimize the risk of 
performing wrong-level surgery. 
• In our practice, radiographs from the office visit are hung on the wall. They are marked with 

the patient initials and the procedure to be performed. This is checked with the ''time out" and 
with the intraoperative imaging. 

• Flexion of the neck opens the "shingled" facet joint. This facilitates access to the foramen. 
• Care must be taken not to resect greater than 50% of the facet joint, thus limiting the risk of 

iatrogenic instability. 
• Bone wax, applied with the end of a no. 2 Penfield retractor, assists in bony hemostasis following 

resection of the facets. 
• We prefer to resect the Jnferior facet with a blunt, matchstick-type high-speed burr. The footplate 

of a Kerrison rongeur may inadvertently injure an already irritated exiting nerve root. 
• Use a nerve hook or foramina! probe to ensure the foramen has been adequately decompressed. 

If the probe does not pass freely, the foramen is still stenotic. 
• Closure of the wound in multiple layers minimizes paraspinal atrophy, leading to better wound 

cosmesis. 
• Foraminotomies can be performed with laminectomies and laminoplasties to decompress the 

central canal and foramen. If performing a laminoplasty, we will "open the door" on the side 
undergoing a foraminotomy. 
• Some recommend prophylactic C4-C5laminotomies to decrease the risk of C5 palsy following 

laminoplasty ( 4 ). 
• A soft collar is provided for comfort only. An early return to full range of motion may help mini

mize postoperative neck stiffness and pain. 

POSTOPERATIVE MANAGEMENT 

This procedure is performed both as an outpatient procedure and for 24-hour stays, depending on 
patient preference and pain thresholds. For admitted patients, intravenous ketorolac and acetamino
phen work well to minimize postoperative pain for the first 24 hours. Opiates are given for supple
mental analgesia. All patients are given a soft collar for their comfort but are encouraged to avoid 
its use as soon as possible. There are no range-of-motion restrictions, and patients are encouraged to 
resume normal activity as soon as they can tolerate. 

COMPLICATIONS 

• Infection 
• Irrigation with normal saline should be performed prior to closure. We routinely place 250 mg 

of vancomycin powder within the wound. 
• Incidental dural opening 

• Treat with primary closure/patch as possible. Lumbar drains should be used for those openings 
for which a water tight closure is not possible. Often, 2 to 3 days of drainage, with the head of 
bed up, allows for the dural opening to close. Sequelae are rare. 

• Nerve root or spinal cord injury 
• Inadequate decompression 
• Cervical kyphosis 
• Instability from overresection of the facet 

RESULTS 

• Excellent results have been reported for relief of neck pain and arm pain associated with cervical 
radiculopathy (2,3,5,7). 

• Though less common than after laminectomy, postforaminotomy kyphosis can develop with time. 
Patients with known risk factors should be followed for this complication (3). 
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Cervical 
Laminoplasty 

Nikhil A. Thakur and John G. Heller 

T:
e concept of laminoplasty was introduced in 1972 by Oyama and Hattori. Their 
expansive Z-laminoplasty'' was developed to address the unsatisfactory outcomes of 

patients undecgoing laminectomy for myelopathy due to multilevel cervical spondylosis. 
Hirabayashi then introduced the "open-door" laminoplasty technique in 1977, followed 
y the Kurokawa double-hinge, or "French door' technique in 1980. Subsequently 

described techniques for laminoplasty are modifications of these two principal concepts, with varia
tiOIIB seen in how the laminoplasty is held open as well as the exposures used. More recently, 
efforts continue to refine the criteria for selecting the levels to be decompressed, appropriate sagittal 
configurations, and postoperative rehabilitation methods. 

INDICATIONS 

Laminoplasty rapidly gained popularity in Japan in the treatment of cervical myelopathy due to 
ossified posterior longitudinal ligament (OPIL) and multilevel cervical spondylosis. That these 
innovations might originate in Japan stands to reason, given the high rates of OPIL and congenital 
cervical stenosis in that population. 

Today, indications for laminoplasty have expanded to some degree. Arguably, it remains the 
IM:hod of choice for treating cervical myelopathy due to OPIL and multilevel spondylosis involv
ing three or more motion segments (Fig. 9-1 ). Other indications include spinal cord decompression 
to salvage a failed anterior cervical decompression and fusion (ACDF) procedure, recurrent myelop
athy due to adjacent segment disease after ACDF, and as a primary treatment of myelopathy in hosts 
at increased risk for nonunions (i.e., smokers and patients with metabolic bone disease). Lamino
plasty is particularly well indicated in patients with developmentally narrow spinal canals (midbody 
anterior posterior [AP] diameter less than 12 mm), since spinal canal expansion directly treats the 
underlying primary pathology. This use should be particularly appealing, as 50% of patients under
going ACDF for cervical spondylotic myelopathy have relative (less than 13 mm) or absolute (less 
than 10 mm) developmental spinal canal stenosis. 

CONTRAINDICATIONS 

Laminoplasty is relatively contraindicated in the following situations: (a) epidural fibrosis (i.e., fol
lowing infection. previous posterior spinal surgezy ), (b) large ''hill-shaped" lesions of OPlL (8) that 
occupy more than 50% to 60% of the AP canal diameter, (c) axial neck pain as the patient's primaJy 
clinical complaint, and (d) fixed kyphosis greater than eithe.r 5 degrees or 13 degrees, depending on 
certain magnetic resonance imaging (MRl) characteristics. Additional potential reasons to select an 
alternative procedure include morbid obesity and diabetes mellitus, which can result in a two- to eight
fold increase in surgical site infections, particularly with a posterior cervical approach, let alone the 
technical challenges :related to positioning these patients on the operating table and surgical exposure. 

With regard to the overall alignment of the cervical spine, lordotic or straight spines have been 
reported to have statistically significantly higher functional recovery outcomes than kyphotic or 
sigmoid-shaped curves after laminoplasty (26). Suda et al. (26) recoiD.IWmded patients whose 
cervical spines range from lordotic to 13 degrees or less of kyphosis as ideal candidates for 
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FIGURE 8-1 
Sagittal T2-weighted MRI demonstrating multi
level cervical spondylosis. 
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laminoplasty if there is no cord signal change on the T2-weighted MRI. If there is cord signal 
hyperintensity on the '1'2-weighted MRI, then the upper limit of acceptable preoperative kyphosis 
is 5 degrees or less. Note that the presence of a lordotic alignment is not a prerequisite for 
performing a laminoplasty. This myth is born of misinterpretation of the literature, which seems 
to have taken on a life of its own as it ill repeated in text after text without an objective review of 
the original studies. 

'IYPES OF LAMINOPLAS'IY 

The two major schools of laminoplasty derive from the Hirabayashi "open-door"' procedure and 
Kurokawa's "French door"laminoplasty technique. Other subsequently described techniques are 
variations on these themes. These techniques are illusttated in Figure 9-2. Most differ either in how 
the surgeon secures the laminae in their new position or in how the exposure is made (Fig. 9-2B). 
Initially, hinges were either tethered open with suture or wire or propped open with bone grafts or 
other spacers, such as ceramic or polyethylene blocks. Use oflaminoplasty plates has become more 
frequent, particularly in the United States, and is often the mainstay at many centers. These are used 
either in isolation or in conjunction with bone grafts. The latter are not necessary for success since 
permanently maintaining the "open" position rests on healing of the hinge. 

PREOPERATIVE PREPARATION 

Preoperative Workup 
The preoperative diagnostic imaging workup should consist of plain radiographs of the cer
vical spine, including AP and neutral lateral radiographs (Fig. 9-3). Flexion-extension films 
have been shown in some studies to be useful in determining presence of segmental instability. 
Sakai et al. (23) showed that presence of a retrolisthesis resulted in significantly lower Japanese 
Orthopaedic Association (JOA) recovery rates as compared to anterior spondylolisthesis or no 
spondylolisthesis (which had equivalent outcomes). Masaki et al. (16) further observed that 
hypermobility at the point of maximum spinal cord compression could further compromise 
neurologic recovery rates, which suggested that another surgical strategy might be wise, such 
as adding a fusion. 
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The "K-line" or "kyphosis line" concept was in1roduced by Fujiyoshi et al. (3) as a tool to 
determine if laminoplasty could be used successfully in patients with OPLL. This tool can also be 
extended to address large ventral lesions or fixed kyphoses, which are often contraindications to 
laminoplasty. On a lateral cervical radiograph, the K-line was defined (3) as the line connecting the 
midpoints of the spinal canal at C2 and C7 (Fig. 9-4). A(+) K-line did not have an OPLL lesion 
crossing it. whereaa a (-) K-line was present when the pathology extended dorsally beyond the line 
(Fig. 9-4). In K-line positive group, the average neurologic recovery rate following laminoplasty 
was 66% compared to 19% in the K-line negative group. 

An MRI study is useful in preoperative planning to determine which levels need to be included 
in the laminoplasty. Moreover, an :MRI allows the surgeon to determine if a C2 dome laminectomy 
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FIGURE 9-2 

Various methods to 
pertorm a laminoplasty. 
(Reprinted from Rao 
RD, Gourab K, David 
KS. Operative treatment 
of cervical spondylotic 
myelopathy. J Bone 
Joint Surg Am 88(7): 
1619-1640, 2006, with 
permission.) 
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FIGURE 8-3 
Neutral lateral radiograph, demon
strating multilevel spondylosis in the 
cervical spine. 
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should be included with the laminoplasty technique. Hyperttophied flavum, congenital stenosis, 
cervical spine lateral architecture, etc. can result in impingement of the cord at d:le C2 level after 
laminoplasty due to cord drift back and cause postoperative myelopathy. 

The use of a computed tomography (CT) study or a CT/myelogmm study is surgeon and patient 
specific. ACT scan gives the surgeon a more precise appreciation of the bone anatomy including pres-
ence of OPLL (Fig. 9-5), ossified ligamentum flavum, and fo.ramina1 stenosis due to osteophyte forma
tion. Foraminal stenosis detected on CT and correlated with physical examination can be addressed 
during the surgical procedure wid:l a foraminotomy on the affected side. The use of myelography 
enhances structural detail including details of pattei'Dll of compression and thicknells and shape of 
lamina. At times, it is indicated when 1he patient's :MRI leaves some doubt about 1he nature and extent 
of the pathology. A CT scan also helps detemline d:le "occupation ratio" for a large venttallesion (AP 
diameter of the lesion/ AP diameter of the canal x 1 00). An occupation ratio of greater than or equal 
to 50% to 60% should temper any expectations about postoperative neurologic improvement. All of 
these additi.onal anatomical details can be important tactical information to be used intraoperatively. 

Room Setup/Patient Positioning 
Laminoplasty is performed in the prone position. The authors recommend that the patient's 
comfortable range of motion be assessed preoperatively, so that they can be positioned in some 
flexion (flexed-chin-tucked position) during smgery. The advantages to this include the following: 

FIGURE 9-4 
Depiction of the K-line concept. 
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FIGURE 9-5 
OPLL at the C4 and C5 vertebral bodies. 

(a) cervical extension may result in worsening of canal stenosis and cord compression, and (b) the 
procedure is technically easier as the overlap or "shingling" of the laminae is reduced (Fig. 9-6). 
This also helps with excessive skin folds in some patients. 

A Mayfield three-pin head holder ia used to immobilize the cervical spine, as weU as to protect 
the face and eyes. Longitudinal bolsters are placed on the lateral border of the chest to take pressure 
off the central chest and abdomen. Knees and ankles are flexed to reduce lower extremity neural 
tension. Taping of the shoulders ia not necessary. Tape may be used to shift the redundant soft tis
sues when needed in obese patients. A reverse Trendelenburg position is used to decrease venous 
pressure, thereby decreasing intraoperative blood loss. 

Special Instruments/Equipment/Implants 
Somatosensory evoked potentials (SSEPs) are generally recommended during laminoplasty proce
dures for myelopathy. In the authortl' opinion, the routine use of motor evoked potentials (MEPs) is 
open to discussion. Monitoring EMGs is an option when foraminotomies are added to the operative 
plan. Neurom.onitoring may also serve to identify potentially significant episodes of hypotension 
or decreases in spinal cord perfusion. In both of these circumstances, early detection of a potential 
problem allows for rapid intervention and neurologic protection. More importantly, we prefer to use 
an arterial catheter for continuous monitoring of the mean arterial pressure, which is kept at a suit
able level by whatever means necessary. 

Rob et al. (22) reported the largest aeries of patients undergoing cervical spine procedures with SSEP 
monitoring. The aulhors found that degradation of SSEPs from baseline was seen in 17 of 809 (2.1%) 
patients, which prompted intervention and may weU bave prevented neurologic sequelae in l.S of these 

FIGURE 9-6 
Depiction of shingling of 
laminae. (Obtained with 
permission from John 
M. Rhee, MD.) 

123 



124 

FIGURE 8-7 
Placement of the trough for the open
door laminoplasty at the lamina-lateral 
mass junction. 
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17 patients (88% ). The authors noted that monitoring may also help identify brachial plexopathies 
associated with positioning (e.g., taping down the shoulders), particularly in obese individuals (22). 
The use of MEPs has been shown to be beneficial in cervical spine surgery as an adjunct to SSEP. 
A recent article demonstrated that MEPs were more sensitive to changes associated with cervical 
myelopathy than SSEPs dming in1raoperative monitoring (4) and can be useful during laminopl.asty. 
However, they are more susoeptible to teclmi.cal issues and false-positive changes. In addition, the lack 
of neuromuscular blockade required by MEPs and/or EMGs creates its own set of safety issues for 
patients due to the potential for sudden movement of the patient during critical steps of the procedure. 

Technique 
The authors prefer an "open-door" laminoplasty technique, as originally described by Hirabayashi. 
Since only two troughs are required, it is a bit more time efficient than a "French door" procedme 
(requiring two ttoughs and a midsagittal laminar splitting technique). But there may be greater 
degrees of frustration inherent in controlling the lateral epidural veins. In addition, it is easier to 
perform supplemental foraminotomies on the open side of a Hirabayashi-style operation than it is to 
do so with ''French door" procedures. 

Intraoperatively, the hinge and open-side troughs are made at the lamina-lateral mass junction. Often, 
this con:esponds to an iDfl.ecti.on point where the two sttuctures merge (Ftg. 9-7). However, the land
marks may either be indistinct or obscured by facet arthrosis. Conelation with a preopetati:ve CT scan 
can be quite helpful. The troughs are created using a high-speed burr with a tip of choice. The depth of 
the trough, which need not be any more than approximately 4 mm., should also be assessed frequently 
during preparation. If the surgeon is too lateral and deep, 1hete is a potential risk of damage to the 
vertebral artery (Fig. ~8). Placing the troughs too medially can result in an inadequate decompression. 

FIGURE 8-8 
Far lateral placement of the trough, 
with violation of the vertebral 
foramen. 
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The open-side trough should be made first. It is important to exercise caution with a burr until 
ligamentum fiavum is visualized at the inferior half of the lamina. The remaining cranial opening 
can be completed either with a burr or with a curette and kerosene rongeur. The authors recommend 
a 3-mm round diamond burr for this last step, unless one is highly experienced with more aggres
sive tips. Bipolar cautery should be used to coagulate and divide the plexus of veins as one opens 
the laminoplasty. These veins arborize dorsally from the longitudinal veins, which course over the 
nerve roots in the lateral spinal canal. Try to coagulate them a few millimeters dorsal to their branch 
point, as they are easier to control if a short stump of the vein remains on the longitudinal vein. 

On the hinge side of the laminoplasty, the placement of the trough is the same. The burr should 
be used to remove the dorsal cortical bone and the underlying cancellous bone. The inner cortical 
layer is thinned until a stiff hinge is fashioned. Excessive bone removal will result in a floppy hinge, 
which may displace into the canal and cause either root or cord impingement. 

We employ a laminoplasty plate in order to rigidly fix the laminae in their open position. It is 
not necessary to employ additional bone grafts with these plates. This adds technical difficulty and 
expense without clinical benefit. In a study looking at plate only laminoplasty in 54 patients, Rhee 
and Basra (20) reported a 93% hinge healing rate at 1 year, with no loss of fixation in any patient or 
premature closure. No revision surgery was required in any patient, and canal expansion was main
tained in the unhealed group (7%, 4 patients) as well. 

POSTOPERATIVE MANAGEMENT 

Postoperative care consists of typical postoperative surgical wound management. The authors do not 
recommend any brace or collar wear. Immobilization impedes early active range of motion, which is 
strongly encouraged as outlined above. Evidence is accumulating to support that prolonged immobi
lization of any sort risks increased axial pain, loss of range of motion, and possibly kyphosis. Active 
neck and shoulder conditioning begin with isotonic exercises 6 weeks after surgery. In the interim, 
patients are encouraged to engage in daily nonimpact aerobic conditioning, such as walking or 
stationary cycling. The latter is more practical for those with significant preoperative gait problems. 

Follow-up consists of a clinical assessment with static radiographs at 6 weeks. Isotonic exer
cises are initiated at that time and progressed as tolerated. Lateral flexion/extension radiographs are 
obtained at 3-month intervals thereafter until the patient has reached maximal neurologic improve
ment, which is to be expected by about 1 year after surgery. As demonstrated by Rhee (21 ), the 
hinge side of the laminoplasty procedure heals reliably by 6 months. Thereafter, provided there 
are no instability patterns on the dynamic radiographs, patients are free to engage in any activities 
without limitation, including most sports. 

COST 

Cost comparative effectiveness when related to surgical techniques, implant usage, and related out
comes is becoming more prevalent. Highsmith et al. (5) retrospectively compared 30 patients who 
underwent laminoplasty versus 26 patients who underwent laminectomy and fusion. Both groups 
had similar improvement postoperatively in their Nurick grades and mJOA scores, visual analog 
score for neck pain, and similar complication rates. However, the laminectomy and fusion group had 
three times the implant cost as the laminoplasty group. 

COMPLICATIONS 

Wound Infections 

Wound infections with laminoplasty are reported to be around 3% to 4% (20), which is similar to 
other posterior cervical procedures. Perioperative antibiotics and good surgical technique, including 
watertight fascial closure, can minimize infection rates. Addition of a separate drain for a thick 
subcutaneous layer can also be beneficial. A postoperative cervical collar is not necessary, as early 
motion is encouraged, which we believe may further reduce the risk of posterior cervical wound 
infections. 

Neck Pain 
Historically, postoperative axial neck pain has been reported to occur in up to 40% of patients at 
10-year follow-up (28). The sources for axial neck pain have been thought to include facet joint 
injury, deep extensor muscle denervation, detachment of C2 and/or C7 muscles, detachment of the 
nuchal ligament, and prolonged postoperative external immobilization (7). 
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In the past few years, there have been several studies that have looked at maintaining muscle 
and nuchal ligament insertions on C2 and C7. Hosono et al. (6) reported significantly improved 
axial pain in the postoperative period in patients who underwent a C3--C6 laminoplasty versus the 
traditional C3--C7 laminoplasty. The C3-C6 group reported an incidence of 5.4% axial neck pain 
compared to 29% of patients who were symptomatic after C3-C7 laminoplasty (P = 0.015). Given 
that both groups had equivalent neurologic improvements, the inclusion of the C7level in a posterior 
laminoplasty ought to be avoided when possible. Sakaura et al. (25) also reported a 3.2% rate of 
axial neck pain in a 5-year prospective follow-up of patients who had a C3-C6laminoplasty but no 
significant difference in neck pain when detaching the muscle insertions at C3-C6 versus maintain
ing these insertions. 

Overall, reasonable data exist to suggest that preservation of the muscle attachments at C2 or 
C7 results in reduced postoperative axial neck pain. There also appears to be a correlation between 
neck muscle strength and axial neck pain post laminoplasty. In patients with no axial neck pain, 
Fujibayashi et al. (2) found neck muscle strength recovered to 120% of preoperative levels, whereas 
muscle strength in patients with neck pain remained at 60% and did not recover. It is difficult, how
ever, to ascertain if muscle weakness induces neck pain or if neck pain causes limitation of motion 
and resultant weakness. Further prospective studies could help clarify this, which may result in 
increased utilization of muscle strengthening both pre- and postoperatively. 

Strategies to reduce postoperative axial pain include preservation of muscle attachments to C2 
and C7 when possible and muscle strengthening postoperatively. Early active range of motion after 
surgery may play as important a role as any other measures in reducing pain and stiffness. Kawa
guchi et al. (10) emphasized early range of motion and limited brace use less than or equal to 1 m 
and demonstrated reduced axial neck pain in their postoperative laminoplasty patients compared to 
patients with prolonged brace use and restricted range of motion. 

Postoperative Kyphosis and Loss of Motion 

Cervical kyphosis in the postoperative period has been reported more frequently after cervical lami
nectomy (1, 13). The incidence of kyphosis after laminoplasty is lower than reported with a laminec
tomy alone and is 0% to 22% based on the literature (1). The risk of kyphosis is most directly related 
to prolonged immobilization and extensive muscle detachment resulting in weakness and loss of 
motion (1). As a result, postoperative kyphosis may result in poor neurologic recovery and late neu
rologic deterioration ( 12). One possible etiology for the loss of lordosis and subsequent kyphosis is 
attributed to the detachment of semispinalis cervicis from its insertion at C2 (27). Sakaura et al. (24) 
found that by preserving C2 and C7 muscle attachments, lordosis was equally maintained in patients 
with or without C3-C6 muscle detachment. 

Loss of motion after laminoplasty has also been reported in the early literature. Given the fact 
that laminoplasty is a nonfusion motion-sparing technique, loss of motion postoperatively is detri
mental as a surgical outcome for the patient and can result in increased axial neck pain (28). Wada 
et al. (28) demonstrated 71% loss of motion in patients who underwent grafting of their hinge side 
and were immobilized for 2 to 3 months postoperatively. Patients with no grafting and 3 weeks of 
immobilization had only a 27% loss of postoperative motion. 

The issues of postoperative kyphosis and loss of motion have been shown to be synergistic. 
Maeda et al. (15) demonstrated that postoperative kyphotic deformity occurred in stiffer spines, 
while lordosis was maintained in flexible cervical spines after laminoplasty. The authors concluded 
that maintaining range of motion postoperatively prevented stiffness and subsequent kyphotic 
deformity and recommended use of a soft collar only for 1 week after surgery. The authors share 
this observation. 

Machino et al. (14) recently published a case series of 520 patients who underwent French door
style laminoplasty. They reported the following surgical techniques and postoperative modalities 
to preserve motion: reduced surgical soft tissue exposure, preservation of attachment of the semi
spinalis cervicis to the C2 spinous process, a more medial setting of the lateral gutters, immediate 
postoperative range of motion, and less than or equal to 2 weeks or no application of a neck collar. 
They reported that a mean C2-C7 alignment in the neutral position was 11.9 degrees lordotic pre
operatively and increased to 13.6 degrees lordotic postoperatively. The mean total range of motion 
decreased from 40 to 33.5 degrees. Approximately 87.9% of patients had preservation of their range 
of motion. Of the patients who had a lordotic alignment preoperatively, 92.8% of them remained 
lordotic after surgery. Of the 63 patients who were kyphotic preoperatively, 49.2% maintained a 
lordotic alignment postoperatively, while 50.8% remained kyphotic. 

In summary, preserving muscle attachments to the C2 and the C7 laminae plays an important 
role in reducing axial pain and preventing the development of postoperative kyphosis. Early range 
of motion and limited use of a cervical orthoses also help prevent development of postopera
tive kyphosis and maintenance of preoperative sagittal alignment. We do not graft the hinge side 
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intraoperatively nor do we routinely use any cervical orthoses in the postoperative management of 
these patients. All of our patients are encouraged to pursue unrestricted active range of motion all 

soon as tolerated and also start isotonic exercises 6 weeks postoperatively. 

Laminar Closure: Restenosis 
l.aminar closure has been reported with a wide variety of laminoplasty techniques. Matsumoto 
et at. (18) reported a 34% lamina reclosure rate when using early active range of motion after 
the traditional Hirabayashi suture method to perform the laminoplasty. However, they observed no 
significant changes in outcomes in short-term follow-up. In a 5-year follow-up of the same cohort 
(17), the authors reported that while not statistically significant, recovery rates tended to decline in 
the closure group as compued to the nonclosure group. They recommended considering the use of 
more rigid laminar fixation methods, such as plates and screws, to prevent laminar closure. Kaito 
et at. (9) demonstrated postoperative displacement of hydroxyapatite spacers with deformation of 
the enlarged spinal canal in 59% of patients after a French door laminoplasty procedure. They did 
not see any worsening of neurologic function in their patients. Other studies (11) have also reported 
reclosure after laminoplasty with ttaditionatlaminoplasty techniques, recommending use of more 
rigid laminar fixation techniques. 

The use of laminoplasty plates (Fig. 9-9) may help to reduce the risk of laminoplasty closure. 
Rhee et al. (21) reported no premature closures of laminoplasty with the use of the aforementioned 
plate technique without hinge bone grafting in their series of 54 patients. The authors routinely use 
laminoplasty plates without allograft to secure the hinge side open and maintain canal expansion 
and do not graft the hinge side. 

Hinge Fracture/Displacement 
Hinge failure can result from fracture or from displacement of a floppy hinge. The ideal hinge 
results in a "greenstick" deformation of the bone as it ill opened. If not enough bone has been 
removed while fashioning the "hinge," fracture can occur when attempting to "open" the laminae. If 
too much bone is removed from the ventral cortex of the hinge trough, it can be too floppy risking 
displacement. The hinge can then sag into a clinically significant displaced position. Either mode of 
failure could result in nerve root or spinal cord compromise. 

Following removal of the dorsal cortex from the hinge side, repeated assessment of its stiffness 
is necessary to avoid removing too much of the ventral cortex. The use of a diamond burr may help 

FIGURE 9·9 
Use of laminoplasty plates to main
tain the opening of the lamina. 
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FIGURE 9-10 
Use of a hinge plate to stabilize a hinge 
fracture. 
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mjnjmi:re this technical error and prevent hinge failure (20). In the event of an intraopetati.ve hinge 
fracture or displacement, the use of a so-called hinge plate or a contoured mini-fragment plate can 
be used to stabilize the hinge fracture (Fig. 9-10). Postoperative lamina fractures from the failed 
hinge may require surgical decompression if my neurologic symptoms manifest 

Motor Root Palsy 
The incidence of motor root palsies after lami.noplasty has been reported from 5% to 12%, with the C5 
nerve root being most commonly involved. While theissueofmotorrootpalsywasinitially described in 
detail in relation to the laminopla.sty technique, such nerve root events are not unique to this operation. 
This complication has been reported to occur in similar frequency with other cervical myelopathy pro
cedures, including laminectomy, laminectomy and fusion, and anterior decompression and fusion (20). 
This calls into question whether the issue is a by-product of the treatment or the disease itself. 

There have been several theories proposed for this complication. The C5 nerve root is thought to 
be most susceptible as it typically exits at the apex of a lordotic curve and often has a short course 
that makes it vulnerable during excessive posterior cord migration. Other potential causes include 
spinal cotd reperfusion injury, C4-C5 neuroforaminal stenosis, and C3-C4 centtaJ. stenosis. 

In a review of 630 patients (19) who underwent anterior- or posterior-based cervical procedures, 
42 patients (6.7%) reported a postoperative CS palsy. Of these patients, the incidence was highest 
for laminectomy and fusion (9.5%), followed by carpectomy with posterior fusion (8.4%), carpec
tomy only (5.1 %), and lowest in the laminoplasty group (4.8%). These findings certainly bring into 
question the theory of excessive cord drift with a short course for the CS nerve root. 

Clinically, patients most often exhibit painless weakness of lhe deltoid and biceps muscles. A 
minority of patients can experience sensory dysfunction and radicular symptoms. These symptoms 
generally manifest 2 to 3 days after surgery but can appear at anytime from immediately after sur
gery up to 2 months postoperatively (19). Nassr et al. reported the time to maximwn recovery rang
ing from 1 week to 2 years, with a mean time of 21 weeks. Residual motor deficits were lowest in 
the laminoplasty group (0%) and highest in the laminectomy and fusion group (27.3%). 

CONCLUSION 

Laminoplasty is an excellent surgical option for patients with multilevel cervical myelopathy, with 
or without radiculopathy. The neurologic outcomes are equivalent to anterior decompression and 
fusion procedures, as well as laminectomy and fusion while avoiding the issues typically seen in 
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fusion procedures such as pseudarthroses, graft extrusion, or subsidence. Nonetheless, from patient 
positioning to surgical technique, the potential exists for complications. It is therefore important to 
be meticulous with patient selection, operative technique, and postoperative rehabilitation to ensure 
an optimal result. 
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Laminecto~ 
Posterior Fusion 

Paul A. Anderson and Michael A. Finn 

P 
osterior cervical decompression and fusion iB a commonly pert'ormed surgery used to 
treat neurologic compression and spinal instability. Cervical laminectomy, ODCe popular, 
has diminishing utilization as a stand-alone procedure secondary to its potential to lead 
to kyphotic deformity and recurrent symptoms (Fig. 10-1) (8,9). Early attempts at stabi
lization after laminectomy with wiring constructs were fraught with difficulty, requited 

rigid postoperative orthoses, and had a poor capacity to maintain correction. Modem lateral mass 
and pedicle screw instrw:IU:Dtation has, however, enabled stable reconstruction of the UDBtable spine 
even after laminectomy. These newer stabilization techniques are simpler to implement and safer, 
have better clinical results, and decrease the need for postoperative orthoses when compared with 
prior IDethod& of fuaion. 

INDICATIONS 

Posterior laminectomy and fusion is indicted when posterior decompression is required for the 
treabnent of spinal cord compression syndromes in combination with instability or kyphotic defor
mity. Most commonly, this iB for the treatment of cervical spondylotic myelopathy associated with 
degenerative spondylolisthesis or kyphotic deformity. Other conditions include intradural pathology 
(e.g., spinal cord tumor) needing to be accessed and the potential for the creation of iatrogenic insta
bility (22,31). In some cases of traumatic central cord syndrome requiring decompression. fusion iB 
added if there is concomitant discoligamentous injury (Table 10-1 ). 

Thereiscurrentlynoconsensusonthedefinitionofcervicalinstability.Althoughrigidradiographic 
criteria for cervical instability have been proposed, including more than 3.S mm of subluxation and 
11 degrees of angulation on dynamic x -rays (28), more broadly encompa88ing definitions are often 
cited. White and Panjabi defined clinical instability of the spine as the loss of the spine's ability 
to maintain its pattcrnB of displacement under physiologic loads so there iB no initial or additional 
neurologic deficit, no major deformity, and no incapacitating pain (27). Broader definitions such as 
this extend the indications for fusion to patients with significant axial neck: pain and/or deformity 
who do not preSCDt with mobile listhesis. 

In cases of cervical spondylotic myelopathy, it is postulated that both motion and compression 
are contributors to the myelopathic process (30). As such, a fusion may be more strongly considered 
for this indication. A recent systematic review of the literature did suggest that there iB strong 
evidence to support the utilization of cervical laminectomy and fusion in the tn:atment of ce.rvical 
spondylotic myelopathy (1). In cases of cervical kyphosis, fusion should be performed with a goal 
of reestablishing at least neutral alignment. Irreducible kyphosis may be better treated through an 
anterior or combined approach. 

Advantages of a posterior approach over an anterior approach include surgeon familiarity, ease 
of exposure, shorter operative times, and reduced risk of dysphagia and recurrent laryngeal nerve 
palsy (14). Patients with multilevel disease are particularly well suited for posterior approaches as 
well as patients with ossification of the posterior longitudinal ligament (OPLL), who are at greater 
risk for complications, including cerebrospinal fluid (CSF) leak and neurologic injury, with an 
anterior approach (1). The disadvantages of the posterior laminectomy and fusion approach are 
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A B 

FIGURE 10-1 

A: A 46-year-old female treated with C4-C7 laminectomy for congenital stenosis and myelopathy 6 years prior to presen
tation with increasing neck pain and myelopathy. X-ray shows postlaminectomy kyphosis. B: Patient underwent C3-T2 
circumferential fusion with restoration of normal cervical lordosis. 

the limited area for bone graft placement, need for costly instrumentation, and higher risk of 
infection. 

CONTRAINDICATIONS 

Posterior decompression and fusion ill contraindicated as a stand-alone procedure in cases of signifi
cant anterior compressive pathology or in patients with irreducible kyphosis. Relative contraindi.ca
tions include patients at particularly high risk for infection (e.g., sip radiation, malnutrition, prior 
posterior approach) who may be adequately treated through an anterior approach. 

TABLE 10-1 Indications for Posterior Cervical Fusion 

Instability 
• >3.5-mm subluxation or> 11-degree angulation 
• Inability to maintain patterns of displacement under physiologic loads so there is no initial or additional 

neurologic deficit, no major deformity, and no incapacitating pain 
• Unstable traumatic injury pattern 

Cervical myelopathy with kyphoeia or lou of lordoeia 
Cervical myelopathy with neck pain 
Iatrogenic lnetablllty 

• Tumor resection 
• Adjacent level disease 

Augment long (>3 level) enlerior conetructa 
• Tobacco users 

P•eudoarthroals treatment 
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TECHNIQUE 

Anesthesia 

The anesthesiologist must be made aware of the nature of the patient's condition. In cases with 
significant canal stenosis, specific anesthetic considerationa include intubation, positioning, and 
hemodynamic support. each of which may compromise the patient's neurologic integrity. Intuba
tion should be performed with in-line stabilization of the neck, and we recommend consideration of 
awake endotracheal intubation. This has the advantage of allowing for confirmation of neurologic 
stability after endotncheal tube placement. Care should be taken to avoid neck hyperextension in 
patients with significant stenosis, as this may contribute to further canal narrowing and neurologic 
injury. In myelopathic and significantly stenotic patients, careful monitoring of blood pressure is 
essential, and intra-arterial lines for contimlous blood pressure monitoring are routinely used. We 
maintain a mean arterial pressure of greater than 85 mm Hg to ensure cord perfusion. The use of 
multimodal neural monitoring is controversial and may allow for early t:eeognition of neurologic 
injury (21). Similarly, the use of steroids to prevent spinal cord deterioration is controversial and 
unproven but is an option in patients with severe spinal stenosis or with neurologic deficits. 

Positioning 
Patients are typically placed in Mayfield 3-point fixation to provide stable positioning without 
the risk of ocular pressure. Alternatively, patients may be positioned on a padded horseshoe with 
Gru:dner-Wells tongs to provide distraction. Care must be taken to ensure that the weight of the head 
is not resting on the eyes when utilizing this method. 

After placement of pins, the patient is rotated into the prone position onto padded gel rolls, a 
W'llson frame, or the Jackson table. A Jackson table is prefened for obese patients, as it allows for 
greater decompression of the abdomina) compartment and subsequently less venous hypertension and 
potential for blood loss (Fig. 1 ~ 2). A vertical footboard is used to prevent downward sliding when 
inclining the bed, and the position of the head is fixed. The bed is placed in a reverse Trendelenburg 
position to aid venous drainage and reduce inttaoperative bleeding. However, maintenance of mean 
arterial pressure after positioning is essential to prevent cord ischemia. Hyperextension is avoided in 
stenotic patients, as this reduces canal diameter and may predispose to injury. The head is typically 
positioned in a slight "military tuck'' position, with the head flexed and the neck somewhat extended 
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FIGURE 10-2 
Patient positioned 
prone in 3-point 
Mayfield fixation on 
a Wilson frame. Note 
reverse Trendelenburg 
inclination of the bed, 
which enables the 
cervical spine to be 
positioned level to 
the floor and above 
the level of the heart, 
facilitating anatomic 
recognition and venous 
drainage, respectively. 



134 PART I Cervical Spine 

to increase exposure but maintain cervical lordosis. The arms are secured by the patient's sides, and 
the shoulders are taped slightly inferiorly to aid in x-ray visualization of lower cervical levels. 

Once secured, fluoroscopy can be used to demonstrate adequacy of positioning and maintenance 
of reduction if alignment is a concern. If neural monitoring is used, signals are rechecked after final 
positioning. 

Exposure 

The incision is marked utilizing landmarks, with the C2 and C7 spinous processes easily palpable in 
most patients. Intraoperative radiographs can aid in planning incisions for small operations. 

A midline incision is created and dissected to the fascia with electrocautery. The midline avas
cular raphe is exploited to minimize blood loss. A self-retaining retractor is placed to maintain 
exposure when the spinous processes are encountered. Electrocautery is used to create a paramedian 
fascial incision on either side of the bifid processes. The paraspinous muscles are then elevated off 
the spinous process and lamina in a subperiosteal fashion, using a Cobb elevator to hold retraction 
and electrocautery to separate tissue adhesions and maintain hemostasis. Care is taken to avoid 
damaging the interspinous ligaments, particularly at the cephalad and caudal ends of the planned 
construct (24 ). Care is also taken to preserve the joint capsules of the facets at the distal ends of the 
planned construct. After final exposure, levels are confirmed radiographically. Unless absolutely 
required for adequate decompression, the nuchal ligaments attachments to C2 and C7 should be 
preserved or repaired to avoid the development of postoperative kyphosis. 

Decompression 

The laminectomy can be performed primarily with rongeurs. The cephalocaudal limits of the decom
pression are demarcated by using a Leksell rongeur to remove the supraspinous and interspinous 
ligaments. Likewise, these ligaments are removed at each level to be decompressed to facilitate 
processing of local autograft. Laminectomy can then be performed using a combination of Leksell 
and Kerrison rongeurs. In cases of severe stenosis, a "no touch technique" (no canal intrusion with 
instruments) should be employed. In this case, the lamina-facet junction is identified and marked 
with the marking pen, and a high-speed burr is used to osteotomize the lamina at the lamina-facet 
junction bilaterally. The trough is cut through the outer cortical and cancellous layers of bone. The 
final thin inner cortical bone can be removed with a 1-mm Kerrison rongeur or diamond burr under 
continuous irrigation. The floating lamina is then carefully elevated off the dura with the aid of an 
angled curette to separate adhesions between the ligament and dura (Fig. 10-3). Epidural bleeding 
may be brisk, especially in patients with highly stenotic canals, but this is usually easily controlled 
with bipolar electrocautery and topical hemostatic agents. Care should be taken to extend the lami
nectomy to the medial edges of the pedicle to ensure complete decompression. When possible, 
avoid removing the spinous processes of C2 and C7 as the nuchal ligaments attach at these sites and 
compromise of the integrity here may contribute to the development of a kyphotic deformity. Partial 
laminectomy of the cranial aspect of C7 may allow sparing of that level with adequate decompres
sion of the C6--C7 interspace. Another alternative, which is not covered in this chapter, is to com
bine laminoplasty and posterior fusion (Fig. 10-4). 

If foramina! stenosis is causing radiculopathy, foraminotomies may be performed. It is helpful 
to begin the foraminotomy with palpation of the pedicle and neural foramen with a nerve hook. 
This not only allows identification of the exact location of the foramen but also gives the surgeon 
an idea of the degree of stenosis present. A high-speed burr is then used to remove the medial half 
of the facet articulation overlying the foramen, leaving only a thin shell of bone dorsal to the nerve 
(Fig. 10-5). A small (1 or 2 mm) Kerrison is then used to access the foramen and remove the remain
ing bone. The nerve root is visualized, and the decompression of the foramen is confirmed with a 
nerve hook. Removal of more than 50% of the facet should be avoided at levels not to be fused, 
as this may lead to instability (31). A good rule of thumb is not to remove the facet past the lateral 
margin of the pedicle. The utility of a prophylactic CS foraminotomy to reduce the risks of CS palsy 
is controversial and not routinely performed by the authors ( 17). 

Fusion 
An optimal fusion environment is created by minimizing motion and preparing an optimal fusion 
bed. The former is supported by instrumentation, and the latter is supported by thorough decortica
tion and facet preparation. 

Modular screw and rod-based constructs offer the greatest immediate stability in the cervical 
spine. Lateral mass screws are most commonly used from C3 to C6 with pedicle screws being 
commonly implemented at C2 and C7. Although lateral mass screws can be placed at C7, long 



I 0 Laminectomy and Posterior Fusion 135 

FIGURE 10-3 
The laminectomy can be performed with rongeurs or in an en bloc fashion. An en bloc fashion may be safer in severely stenotic 
canals and is illustrated here. A: Trough is created at the junction of the lamina and lateral mass on either side using a high
speed burr and a "no touch" technique. Completion of the trough may be complete with a 1-mm Kenison rongeur to minimize 
canal intrusion. B: The laminae are removed en bloc. Adhesions between the ligament and dura are anticipated and taken down 
with a sharp curette. Additionally, epidural bleeding can be significant but is easily controlled with topical hemostatic agents 
and gentle bipolar electrocautery. 

A1 A2 

FIGURE 10-4 
Posterior cervical fusion can be combined with other techniques, such as laminoplasty. A: This patient presented with 
myelopathy, multilevel cervical stenosis, and spondylolisthesis. 
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FIGURE 10·5 

FIGURE 10·4 (Continued) 
B: The spondylolisthetic level was treated 
with a fusion, while the remaining areas 
of stenosis were decompressed with a 
laminoplasty. B 
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constructs ending with lateral IIWIS screws may have a higher failure rate, and COIUiideration should 
be given to pedicle screw fixation at this level. Additionally,long constructs ending at C7 are associ
ated with a significant risk of adjacent level degeneration and may be reasonably extended across 
the cervicothoracic junction, typically to Tl or T2. Pedicle screws may be placed from C3 to C6, 
although this technique is technically demanding and involves greater risk of vertebral artery injury 
than lateral mass screws. 

A: Schematic showing area of bone to be removed to perform a foraminotomy. Care must be taken to remove less than 50% of 
the facet articulation at levels not to be fused. B: Final foraminotomy with observation of the decompressed nerve root. 
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FIGURE 10-6 
Intraoperative photo showing 
exposure and placement of screw 
pilot holes. Lateral mass pilot holes 
are created prior to decompres
sion to protect the spinal cord and 
facilitate anatomic recognition of 
trajectory. All tracts are marked and 
placed in quick succession to mini
mize mediolateral variability and 
thus maximize ease of rod insertion. 

We create the pilot holes for lateral mass screws before decompression as landmarks are more 
easily identified and the risk to inadvertent trauma to the exposed dura and spinal cord is lessened 
(Fig. 1 0-6). The decompression however is performed prior to screw insertion, decortication, and 
bone grafting. Where pedicle screws are placed, the pilot holes can be made after decompression, 
which allows for direct palpation of the pedicle to assure proper placement 

The placement of lateral mass screws requires identification of the borders of the lateral mass. 
The cephalad and caudal borders are defined by the articulations, the lateral is the palpable lateral 
edge of bone, and the medial border is defined by the transition point of the lateral mass and lamina. 
Usually. there is a valley or depression at this point. With the borders identified, the quadrilateral 
surface of the lateral mass can be divided into four equal quadrants from which to base screw traj~ 
tory. Based on technique, we identify and mark our screw entry point with a match-head burr. 

Numerous lateral mass screw trajectories have been described with the Magerl, Roy-Camille. and 
Anderson methods being most commonly utilized. We use that described by Anderson and mark our 
screw entry point at d:le cephalocaudal midpoint approximately 1 mm medial to the center point of 
the lateral mass. After the starting point is created. a power drill is used to create a prospective tract 
approximately 30 degrees cranially and 20 degrees laterally (Fig. 10-7). These angles can be closely 

FIGURE 10·7 
Figure showing lateral mass screw entry point and trajectory. No slightly medial of center entry point and cephalocaudal 
angulation in line with the facet articulation. Lateral angulation can be approximated by leaning the drill guide against the 
intact spinous process. 

137 



138 PART I Cervical Spine 

approximated by leaning the drill on the next caudal spinous process. Further clarification of the cra
nial angle can be obtained by removing the articular cartilage of the joint with a high-speed burr over 
the dorsal half of the joint and directly observing their angulation. We use a high-speed drill with a 
K-wire in lieu of a standard fluted drill bit as we feel that smooth edges of the K-wire may lessen 
the chances of neurovascular injury. We also use an adjustable drill guide set at progressively greater 
depths to reduce the risk of "plunging" during this portion of the procedure. A 12-mm length is ini
tially used and increased in 2-mm increments until the ventral cortical surface is breached. Abutment 
of the drill against the ventral cortex can almost always be felt, but a ball-tipped probe can be used to 
confirm depth if there is any uncertainty. Bicortical screw purchase increases the risk of neurovascu
lar injury and is typically reserved for long fusions and cases in which there is significant osteopenia 
or deformity. All screw trajectories are created in a similar fashion. It is helpful to place a ball-tip 
probe down the first tract created to allow that trajectory to be emulated for adjacent and contralateral 
screws. It is also helpful to create trajectories on a single side in fairly rapid sequence, maintaining 
positional alignment of the drill as each tract is created. Again, for extended fusions, marking each 
entry point prior to drilling ensures that each screw is uniformly placed and eases rod insertion. 

If a laminectomy is to be performed, we pack the pilot holes with a hemostatic agent (Gelfoam 
and thrombin). Following decompression, the screws are placed, and a rod is bent to conform to the 
cervical alignment and secured with set screws. The pullout resistance of cervical instrumentation 
is relatively weak, and care must be taken when attempting to persuade the rod to the screw tulips. 
If deformity correction is to be attempted, thought should be given to pedicle screw placement or 
bicorticallateral mass screw placement. Reduction of kyphosis is obtained by changing head posi
tion into extension after decompression, lordotic rod bending, and rod compression. The latter may 
create foramina! stenosis, and care must be utilized. 

Fusion Bed Preparation 
Preparation of the fusion bed is critical for maximizing the chances of a bony fusion. A high-speed 
drill is used to remove the facet capsule and decorticate the proximal facet articulation at each level 
to be fused. The facet capsule and cartilaginous endplates are removed. The dorsal aspect of the 
facet is also decorticated. 

Autograft obtained from the laminectomy site is the preferred grafting material, although allograft 
and a number of synthetic bone substitutes are available. Graft is placed within the facet joint and 
dorsally over the lateral mass. Iliac crest autograft may be considered in patients at a high risk of 
nonunion and when there is insufficient local bone. The bone graft must be stable so that it does not 
migrate medially toward the neural elements. Prior to closure, a lateral radiograph is obtained to 
assure proper alignment and placement of instrumentation. 

Closure 

The wound is thoroughly irrigated prior to closure. We place 1 g of vancomycin powder in the 
paraspinal muscles, which has been shown to significantly reduce the risk of surgical site infection 
after instrumented posterior fusion (23). The wound is closed in layers, with care taken to tightly 
reapproximate the fascia layers. It is essential to tightly repair the nuchal ligaments to the spinous 
processes of C2 and C7. Staples are used for the skin closure, and a sterile dressing is applied. A 
closed drainage system is typically used. 

PEARLS AND PITFALLS 

In our opinion, the major neurologic risk occurs during intubation and positioning. Collaboration 
with an experienced anesthesiologist is essential. Since cord compression results in ischemia, main
tenance of mean arterial blood pressure of at least 85 mm Hg during the entire procedure is critical. 

When an extended construct is planned, it is helpful to mark all screw entry points with a marking 
pen prior the creation of trajectories. This ensures that all screws will be aligned in a similar coronal 
plane and facilitate rod placement. 

When performing decompression in highly stenotic canals, no instrument larger than a 1-mm 
Kerrison rongeur should be placed into the canal. The use of a "no touch" technique with a diamond 
burr should be considered, but constant irrigation must be employed to reduce the risk of thermal 
injury. 

Lateral mass screws are generally safe as long as proper identification of the starting point and 
screw direction is considered. Marking the starting point with a burr prevents lateral migration and 
subsequent poor purchase. Angulation upward and outward avoids root and vertebral artery injury, 
respectively. 
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Using a K-wire instead of a traditional fluted drill bit may be used to create pilot holes and may be 
less prone to neurovascular injury as there are no cutting edges to grab sensitive structures. 

Decorticating the facets joints prior to screw placement can aid in identifying the facet angle and 
facilitate placement of lateral mass screws with the correct sagittal angle. 

Placement of pedicle screws is demanding. We recommend placement of a pedicle screw at C7 
because of its superior biomechanical characteristics and increased safety when compared with 
other cervical levels. Prior to placement, the pedicle dimension is evaluated on the preoperative 
imaging studies, and attention is paid to the location of the vertebral artery by looking for the pres
ence of a flow void on T2-weighted MRI sequences. In approximately 10% of cases in which the 
artery is present in the foramen at C7, placement of a pedicle screw may be reconsidered. Fluo
roscopic visualization is often difficult here, but the trajectory can be clarified by creating a small 
laminotomy and palpating the pedicle with a nerve hook. The tract is then created in parallel to the 
C7 endplate and angulated approximately 20 degrees medially with a blunt-tipped pedicle finder. 
The tract is then tapped, and the screw is placed as outlined above. 

Avoid removing the spinous processes and lamina of C2 and C7 to avoid postoperative kyphosis. 
Decompression around this lamina can usually be achieved by undercutting the lamina. 

POSTOPERATIVE MANAGEMENT 

The use of a rigid external orthosis is at the surgeon's discretion but is typically not employed by the 
authors for short (one- or two-level) constructs. Alternatively, a soft collar may be used for comfort, 
although use should be limited to prevent deconditioning. In longer constructs and in those with a 
higher risk of failure (e.g., osteopenic patients, deformity corrections, fusions extending across the 
cervicothoracic junction), a cervical orthosis is recommended. Patients are mobilized the day of 
surgery and instructed to avoid heavy lifting and pulling activities. 

Pain control relies on a combination of narcotic pain medications and antispasm medications. 
NSAIDs are avoided for 6 due weeks to their potentially deleterious effects on bone healing (12). 
Likewise, smoking cessation is encouraged (5). 

COMPLICATIONS 

Complications related to posterior decompression and fusion may be grouped as operative or 
delayed. 

Operative Complications 
Neurologic Injury: Spinal cord deterioration is a devastating complication and occurs in 3% to 5% 
of patients with significant preexisting myelopathy as these patients have ischemic spinal cords 
at baseline. Techniques to reduce this include care in intubation, positioning, and resuscitation. 
Extending the stenotic spine reduces canal diameter and may predispose to injury. Neural moni
toring may provide early warning of this complication although outcomes may not be influenced 
(21). In rare cases, the laminectomy must be performed with the patient in a flexed position prior to 
reestablishing cervical lordosis. Mean arterial blood pressures are maintained above 85 nun Hg to 
aid spinal cord perfusion. 

CS nerve root palsy occurs with a frequency of approximately 7% to 10% and has had a number 
of proposed etiologies and risk factors (18). Increased rates have been correlated with the use of a 
diamond burr, which may result in thermal injury to the nerve unless properly cooled. Decreased 
rates of this complication have been reported with prophylactic CS foraminotomy (17). 

Radicular injury has been reported to occur at a rate of less than 1% due to screw placement 
(26). Several anatomic studies have examined the safety of various techniques with differing results 
(15,29). Regardless of the method used, safer trajectories may lie parallel to the facet joint and with 
maximal lateral angulation (15). 

Vascular Injury: Vertebral artery injury with lateral mass screw placement is rare (10) and may 
be avoided by assessing the location of the transverse foramen and vertebral artery on preoperative 
studies. With typical anatomy, vertebral artery injury can be avoided with proper lateral trajectory. 

Spinal Fluid Leak: Dural tears may occur with greater frequency in patients who are elderly, are 
highly stenotic, have ossification of the ligamentum flavum, or have had prior surgeries. Primary 
closure of durotomies should be attempted. In rare cases, when this is not feasible, an onlay patch 
and a dural sealant may be utilized. In these cases, consideration should be given to lumbar drainage 
for 3 days postoperatively to reduce CSF leakage at the dural injury site. 
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Delayed Complications 

Infection: Surgical site infections occur in 1.5% to 4% of all patients undergoing posterior decom
pression and fusion (19,25) but may be as high as 20% in high-risk individuals, such as the elderly 
and those being treated for trauma or malignancy (2,13,20). Risk of surgical site infections may be 
reduced with the administration of preoperative antibiotics, frequent intraoperative irrigation, and 
utilization of powdered vancomycin (3,4,23). No benefit has been shown with the utilization of more 
than one dose of postoperative antibiotics (7). 

Pseudoarthrosis: Pseudoarthrosis rates have been reported to range from 3% to 9% (10,11). After 
laminectomy, the area available for bone grafting is small, and thus, careful attention must be paid 
to thorough decortication and autograft packing of the facet joints. Risk factors for pseudoarthrosis 
include smoking, age, use of allograft bone, and greater number of levels fused. 

Defonnity: Cervical laminectomy, particularly when performed over multiple segments or at 
C2 or C7, may predispose to the development of late deformity. Kaptain et al. (8) reported a 21% 
incidence in the development of cervical kyphosis after laminectomy for the treatment of cervical 
spondylotic myelopathy, with the risk being greater in those patients with reduced preoperative 
cervical lordosis. Kato et al. (9) reported a 47% risk of progression of kyphotic deformity in patients 
treated with laminectomy for OPLL. Laminoplasty or fusion may decrease the incidence of defor
mity (1). The addition of a fusion should mitigate this complication; however, where to end the 
fusion in relation to the decompression is not fully known. Our approach is to extend the fusion past 
the levels of decompression to avoid adjacent segment kyphosis although some surgeons will fuse 
and decompress at the same levels. In general, we also recommend extending the fusion across the 
cervicothoracic junction. 

RESULTS 

Neurologic improvement after laminectomy and fusion for myelopathy occurs in 70% to 95% of 
patients, with a recovery averaging approximately 50% of preoperative JOA deficit (1,6,16). Suc
cess of bony fusion has been sporadically reported and is incompletely documented but appears to 
be higher with modern screw and rod-based constructs. Likewise, prevention of long-term deformity 
is also incompletely described but is likely reduced with modern instrumentation. 

RECOMMENDED READING 

1. Anderson PA, et al.: Laminectomy and fusion for the treatment of cervical degenerative myelopathy. J Neurosurg Spine 
11(2): 150--156, 2009. 

2. Carreon L Y, et al.: Perioperative complications of posterior lumbar decompression and arthrodesis in older adults. J Bone 
Joint Surg Am 85-A(11): 2089-2092, 2003. 

3. Cheng MT, et al.: Efficacy of dilute betadine solution irrigation in the prevention of postoperative infection of spinal 
surgery. Spine (PhilD Pa 1976) 30(15): 1689-1693, 2005. 

4. Epstein NE: Preoperative, intraoperative, and postoperative measures to further reduce spinal infections. Surg Neurol1nt 
2: 17,2011. 

5. Glassman SD, et al.: The effect of cigarette smoking and smoking cessation on spinal fusion. Spine (Pmla Pa 1976) 
25(20): 2608--2615, 2000. 

6. Huang RC, et al.: Treatment of multilevel cervical spondylotic myeloradiculopathy with posterior decompression and 
fusion with lateral mass plate fixation and local bone graft. J Spinal Disord Tech 16(2): 123-129, 2003. 

7. Kang BU, et al.: Surgical Bite infection in spinal surgery: detection and management based on serial C-reactive protein 
measurements. J Neuro$urg Spine 13(2): 158--164,2010. 

8. Kaptain GJ, et al.: Incidence and outcome of kyphotic deformity following laminectomy for cervical spondylotic 
myelopathy. J Neuro$urg 93(2 Suppl): 199--204,2000. 

9. Kato Y, et al.: Long-term follow-up results of laminectomy for cervical myelopathy caused by ossification of the poste-
rior longitudinal ligament. J Neurosurg 89(2): 217-23, 1998. 

10. Katonis P, et al.: Lateral mass screw complications: analysis of 1662 screws. J Spinal Disord Tech 24(7): 415-420, 2011. 
11. Kim SH, et al.: Early results from posterior cervical fusion with a screw-rod system. Yonsei Med J 48(3): 440--448, 2007. 
12. U Q, Zhang Z, Cai Z: High-dose ketorolac affects adult spinal fusion: a meta-analysis of the effect of perioperative 

nonsteroidal anti-inflammatory drugs on spinal fusion. Spine (PIUID Pa 1976) 36(7): E461-E468, 2011. 
13. McPhee m, Williams RP, Sw81lli011 CE: Factors influencing wound healing after surgery for metastatic disease of the 

spine. Spine (PIUID Pa 1976) 23(6): 726--732, 1998; discusBion 732-733. 
14. Mehdom HM, Fritsch MJ, Stiller RU: Treatment options and results in cervical myelopathy. Acta Neurochir Suppl93: 

177-182, 2005. 
15. Merola AA, et al.: Anatomic consideration for standard and modified lllcbniques of cervical lateral mass screw place

ment. Spine J 2(6): 430--435, 2002. 
16. Morio Y, et al.: Clinicoradiologic study of cervicallaminoplasty with posterolateral fusion or bone graft. Spine (PhilD Pa 

1976) 25(2): 190--196, 2000. 
17. Nakashima H, et al.: Multivariate analysis of C-5 palsy incidence after cervical posterior fusion with instrumentation. 

J Neurosurg Spine 17(2): 103-110, 2012. 
18. Nassr A, et al.: The incidence of C5 palsy after multilevel cervical decompression procedures: a review of 750 consecu

tive cases. Spine (PhilDPa 1976) 37(3): 174-178,2012. 



10 Laminectomy and Posterior Fusion 

19. Olsen MA, et al.: Risk factors for surgical site infection following orthopaedic spinal operations. J Bone Joilll Surg Am 
90(1): 62-{)9, 2008. 

20. Rechtine GR, et al.: Postoperative wound infection after instrumentation of thoracic and lumbar fractures. J Orthop 
Trauma 15(8): 566-569, 2001. 

21. Resnick DK, et al.: Electrophysiological monitoring during surgery for cervical degenerative myelopathy and radiculopa
thy. J Neurosurg Spine 11(2): 245-252,2009. 

22. Steinmetz MP, et al.: Regional instability following cervicothoracic junction surgery. J Neurosurg Spirit! 4( 4): 278-284, 
2006. 

23. Sweet FA, Rob M, Sliva C: Intrawound application of vancomycin for prophylaxis in instrumented thoracolumbar 
fusions: efficacy, drug levels, and patient outcomes. Spine (Phila Pa 1976) 36(24): 2084-2088, 2011. 

24. Takeshita K, et al: The nuchal ligament restrains cervical spine flexion. Spine (Phila Pa 1976) 29(18): E388--E393, 2004. 
25. Weinstein MA, McCabe JP, Cammisa FP Jr: Postoperative spinal wound infection: a review of 2,391 consecutive index 

procedures. J Spinal Disord 13(5): 422-426, 2000. 
26. Wellman BJ, Follett KA, Traynelis VC: Complications of posterior articular mass plate fixation of the subaxial cervical 

spine in 43 consecutive patients. Spine (Phila Pa 1976) 23(2): 193-200, 1998. 
27. White A. Panjabi M: Clinical biomechanics of the spine. 2nd ed. Philadelphia, PA: JB Lippincott, 1990. 
28. White AA m, Panjabi MM: Update on the evaluation of instability of the lower cervical spine. l11Str Course Lect 36: 

513-520, 1987. 
29. Xu R, et al.: The anatomic relation of lateral mass screws to the spinal nerves. A comparison of the Magerl, Anderson, 

and An techniques. Spine (Phila Pa 1976) 24(19): 2057-2061, 1999. 
30. Yuan Q, Dougherty L, Margulies SS: In vivo human cervical spinal cord deformation and displacement in fiexion. Spirit! 

(Phila Pa 1976) 23(15): 1677-1683, 1998. 
31. Zdeblick TA, et al.: Cervical stability after foraminotomy. A biornechanical in vitro analysis. J Bone Joilll Surg Am 74(1): 

22-27, 1992. 

141 





C l-C2 Post---~
Screw-Rod Fixation 
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M 
any traw:natic, degenerative, inflammatory conditions may J:esult in atlantoaxial 
instability, which, in certain circumstances, requires suq:ical stabilization. The 
C1--C2 joint is highly mobile, has a unique anatomy, and accounts for 50% of the 
rotation and 10% of the flexion and extension of the cervical spine (25,28), which 
may predispose this joint to instability. Several techniques have been described 

to address C1--C2 instability, including wiring techniques, transarticular screw fixation, and rod 
and screw fixation of C1--C2 (Box 11-1). Surgery for atlantoaxial instability can be challenging 
because of the unique anatomic and biomecbanical comiderations of this region. Methods ba.!lcd on 
Cl lateral mass screws and C2 pedicle or pars interarticul.aris screws, originally described by Goel 
and I...ahcri (12) and popularized by Harms and Melchet (13), have become widely used adjuncts 
because of their high fusion rates and construct rigidity, which eliminate the need for external halo
vest immobilization. 

The modem technique, described by Harms and Melcher in 2001 (13), uses rods to connect C1 
late.ral mass screws and C2 screws to stabilize the atlantoaxial joint This technique is based on the 
posterior C1--C2 plate and screw comtruct developed by Goel and Laheri (12) and described in 
1994. In their original paper, Harms and Melcher (13) described 37 patients nated by tbis novel 
technique. All these patients had solid fusion without any vascular or neurologic complicatiom and 
without the need for halo immobilization. In tbis chapter, we describe the iDdi.catiom, contraindica
tions, and surgical steps involved in applying this technique. 

INDICATIONS AND CONTRAINDICATIONS 

The most common indication for surgery is a displaced odontoid fracture in a patient for whom direct 
anterior screw fixation is not feasible or is a poor choice. Other indications include less common 
injury patterns (e.g., displaced fractures of Cl, C2, and/or ligamentous instability); inflammatmy 
conditiom with resultant instability (e.g., rheumatoid arthritis); congenital or developmental condi
tions (e.g., symptomatic os odontoideum, Down syndrome, fixed rotatory subluxation) (Fig. 11-1); 
pathologic leaions with resultant or potential instability; and iatrogenic instability (e.g, anterior 
resection of the odontoid). 

Surgical stabilization of the C1--C2 joint may also be comidered after failure of comervative 
management of fractures that pm~ent with late instability, pain, or myelopathy and in patients in 
whom external immobilization with a halo-vest is contraindicated. 

Contraindications are primarily those related to patient factors and inability to tolente general 
anesthesia. In some patients, a severe deformity or erosions caused by inflammatory disorders like 
rheumatoid arthritis distort the anatomy. Care must be taken when anatomic landmarks for screw 
:fixation are lost Often, these patients can still undergo the procedure but may require intraoperative 
navigation to help identify safe avenues for screw passage. 

Anatomic variations of the vertebral artery (VA) anatomy may make certain screws dangerous, 
and careful examination of preoperative images and meticulous planning can avoid a catastrophic 
vascular injury. 

Fractures with severe comminution of the lateral masses of Cl or C2 are also contraindications 
to the technique. 
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BOX 11.1 lntem.al Fixation Methods of the Atlantoaxial Complex 

Sublaminar wires, cables, interposition grafting 
Interspinous wires, cables, interposition grafting 
Clamps, hooks 
Transarticular screws 
C1 lateral mass with C2 screws (connected by a rod or plate): 
Pars interarticularis 
Pedicle 
Translaminar 
Combination of fixation methods 

PREOPERATIVE PREPARATION 

Imaging 
Plain upright radiographs of the cervical spine, including anteroposterior, lateral, and odontoid 
views, can help the evaluation and surgical plan. In some patients, when instability is not already 
apparent, latera111exion and extension views may be helpful to identify dynamic instability. This is 
not necessary and is potentially dangerous in the acute ttaumatic patient. A computed tomographic 
(CT) scan with axial, sagittal, and coronal thin-cut (1 to 2 mm) images is necessary to identify 
anatomic abnormalities and to help determine the optimal screw length, diameter, entry points, 
and trajectory. It is ideal to have the cr reconsttucted in the plane of the Cl ring for accurate 
templating. CT angiography can be performed simultaneously to identify the proximity of the inter
nal carotid artery (ICA) to the anterior arch of Cl and to rule out vascular anomalies of the VA (7). 
CT angiography can help in planni:ng for unicortical versus bicortical Cl screw fixation. Magnetic 
resonance imaging (MRI) may help define ligamentous injury, the degree of cord compression and 
myelomalacia, and the space available for supplementary wire fixation. Careful examination of the 
MRI or magnetic resonance angiography (MRA) can also define the VA anatomy and dominance. 
Up to 20% of patients may have a VA anomaly (20), and this can be detected on a preoperative cr 
(or CT angiography) or MRI (or MRA). Another common anomaly is the ponticulus posticus, which 
can often be detected on the lateral radiograph or cr scan. It is important to recognize this anatomic 
variant, which is present in 15.5% of patients (32). The presence of ponticulus posticus can give a 
false sense that the Cl ring is large enough in the cranial-caudal direction to accept a screw placed 
through the posterior arch of Cl into the lateral mass, resulting in catasttophic VA injury. 

Technique 

Anesthesia and Monitoring Awake fiberoptic intubation may be necessary in patients with 
spinal instability or when the patient does not have adequate mobility of the neck or mouth to 
allow standard intubation. After induction of general anesthesia, appropriate intravenous access 
is obtained. Often, an arterial tine is placed to monitor blood pressure, which may be necessary 
in patients with severe myelopathy to maintain adequate cord perfusion pressure. Nemomonitor
ing with motor and sensory evoked potentials is often used. Prepositioning baseline tracings are 
obtained, and the tests are repeated after positioning and throughout the procedure. In patients with 
considerable instability, the head can be secured to the Jackson table with Mayfield pinions or a halo 
with the patient in the supine position. The patient is then sandwiched between the posterior and 
anterior portion of the table and then turned to the prone position through the rotating frame. Turning 
the patient minimius motion through the cervical spine . .Antibiotic prophylaxis should be initiated 
30 minutes before incision and then readministered every 3 to 4 hours throughout the procedure. 

Positioning Under general anesthesia, the patient is positioned prone on a Jackson table (or 
rotated to the prone position as described above), with his or her head fixed with either Mayfield 
pinions or Gardner-Wells tongs and bivector traction (Figs. 11-2 and 11-3), depending on surgeon 
preference and the needs of the procedure (26). All bony prominences are carefully padded. The 
upper extremities are padded and positioned along the sides of the patient's trunk. The knees should 
be 11exed and well padded. Fluoroscopy is used to check the reduction and alignment of the cervical 
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FIGURE 11·1 
A: Midsagittal CT scan of the cer
vical spine showing an os odon
toideum that was symptomatic in 
a young patient. B: Postoperative 
lateral radiograph showing adequate 
fusion with a C1-C2 screw-rod 
construct supplemented by wiring. 
C: Anteroposterior radiograph of the 
cervical spine showing the C1-C2 
construct. 

spine before preparing the patient. Access to the patient's head is desirable to allow for manipulation 
during the procedure to aid in reduction and is one advantage of the bivector traction setup as the 
head can be manipulated freely. 

Prepring atul Draping The patient's hair is clipped to a few centimeters above the external 
occipital protuberance. The skin incision is planned in the midline from just distal to the external 
occipital protuberance to the level of the C2 spinous process. A cblorhexidine and alcohol solution 
is used for skin sterilization. An antimicrobial SW'gical adhesive is used to cover d:le SW'gical site 
as well as sites of possible autograft harvest. We typically include the neck as well as the patient's 
ttunk in the surgical field to have access to the iliac crests and ribs as potential sites of autologous 
bone graft. This preparation can also allow for mobilization of a trapezial flap in patients who have 
had previous radiation or in thin patients when a muscle flap ill needed to cover the instrumentation. 
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FIGURE 11-2 
Positioning of a patient 
on the operating table 
in a prone position with 
bivector traction, with 
the upper extremities 
well padded on the 
sides of the trunk. 

FIGURE 11-3 
Positioning of a patient 
on the operating table 
with the frame for navi
gation attached to the 
Mayfield frame. 
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Su'fgical Exposure Prior to incision, a solution of 1% lidocaine with 1:100,000 epinephrine is 
injected into the subcutaneous tissue to help provide hemostasis in patients with good skin vascular
ity and integrity. A posterior midline incision is made in customary fashion; dissection of the subcu
taneous tissue is made by electrocautery to decrease bleeding. The fascia is divided in the midline. 
Deep dissection is carried out in the midline through the thin white median raphe of the neck to avoid 
excessive bleeding. Subperiosteal dissection is cao:ied out along the posterior aspect of Cl and C2. 
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Care i.s taken to avoid injwy to the VA along the superior surface of the Cl ring. We try to preserve 
the attachments of the semispinalis cervicis muscle on the caudal aspect of the C2 spinous process. 
If detachment is necessary, this can be accomplished by removing the muscle with a small amount 
of bone for later reattachment to the spinous process (Fig. 11-4). As the exposure is carried laterally, 
careful subperiosteal dissection should be performed to avoid inadvertent injury to the VA above the 
ring of Ct. Generally, the dissection does not extend further than 1.5 em laterally on either side. The 
exact location of the VA can be determined on preoperative MRA or CT angiography. 

C 1 Screw Fixation Identification of the medial border of the pars interarticularis of C2locates 
the entry point of the Cl lateral mass. The medial aspect of the lateral mass of Cl i.s directly cranial 
to this point, and this relationship helps determine where to start the dissection caudal to the Cl arch. 
A Penfield 4 elevator can be used to slide caudal to the arch of Cl just lateral to the location of the 
C2 pars interarticularis (Fig. 11-5). Hugging the bone of the pedicle analogue of Cl, the instrument 

FIGURE 11-5 

The entry points for the G1 and G2 
screws from the posteroanterior 
view. A soft tissue dissector is used 
to gently retract and protect the G2 
ganglion. Frequently, this ganglion is 
very large. 
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FIGURE 11·4 

A,B: Exposure of 
the atlantoaxial 
complex after surgical 
preparation. 
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FIGURE 11-6 
C1 screw trajectory as 
seen on the navigation 
screen. 
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slides anteriorly until it docks on the posterior aspect of the lateral mass of Cl. From here, the 
Penfield can be slid caudally on the lateral mass to the level of the Cl-C2 joint. The second cervical 
nerve (greater occipital nerve) is retracted caudally with this maneuver. It is often possible to enter 
the Cl-C2 joint through its capsule with the Penfield 4 and thereby maintain retraction of the C2 
nerve. Some surgeons elect to sacrifice this nerve (2), but we tty to preserve it to avoid postopera
tive dysesthesia in the distribution of this nerve (16). Surrounding the C2 nerve root and ganglion 
is a large venous plexus that can bleed easily and obscure the entty point of the screw. Hemostatic 
agents such aa microfibrillar collagen and thrombin or thrombin-soaked sterile compressed sponge 
(Gelfoam.) can be used as necessary. Gentle retraction is key for a safe insertion of the screw. A 
persistent first segmental artery is a vascular anomaly that is uncommon but presents frequently in 
patients with bony anomalies. In these patients, the VA is actually caudal to the posterior arch of Cl 
rather than cranial to it, and it is in the direct path of a lateral mass screw. Preoperative CT angio
graphy or MRA can identify this anomaly and avoid injury to the artery. The venous plexus itself 
can bleed vigorously and give the impression that a persistent first segmental artery baa been injured. 
Powdered hemostatic agents, a well-placed compressed rayon pad (cottonoid patties), and patience 
generally take care of the bleeding. In patients with a Cl pedicle analogue (portion of the bone con
necting the posterior arch to the lateral mass) large enough to accommodate a screw caudal to the 
VA, the entty point can be on the posterior arch rather than the lateral mass (S). Care must be taken 
to ensure the arch is thick enough to avoid injury to the VA in the superior sulcus of Ct. The anatomy 
can often be misleading in patients with a ponticulus posticus (32). Placement of the screw through 
the posterior arch of Cl can be desirable because it increases the purchase of the screw inside bone, 
and retracting the C2 nerve and the surrounding venous plexus can be avoided. Unfortunately, place
ment of this posterior arch screw can be done in only 20% to 40% of patients (5,18). Often, a small 
amount of the inferior arch of C1 is removed to expose the entry point and allow for an appropriate 
trajectory parallel to the pedicle analogue of Ct. This can be performed with a Kerrison rongeur 
or a small bur. Care should be talren to avoid the VA, which is directly superior to this point in its 
sulcus. The C2 nerve is retracted caudally, and both the lateral and medial edges of the Cl lateral 
mass are palpated at the base of the Cl pedicle analogue. A pilot hole using a 2-mm bur is created 
in the middle of the lateral mass. A 2- to 2.5-mm drill is then used to create the path through the Cl 
lateral mass. Often, a medial trajecto.Iy of 5 to 10 degrees is made in the axial plane, slightly cephalad 
and aiming toward the lower half of the anterior tubercle of C t (Figs. tt-6 and tt-7). The trajec
tory must avoid inadvertent penetration of the occipitocervical joint or cutout of the screw into the 
Cl-C2 joint. These landmarks are clearly seen if image guidance is used, but when relying on lateral 
fluoroscopy, it is best to aim for the lower 20% to 40% of the height of the anterior tubercle (3t ). 
The path of the hole is confirmed on fluoroscopy and then tapped. A partially threaded 3.5- to 4-mm.
diameter screw is then inserted, of a length long enough to allow for the polyaxial head to remain 
dorsal to the Cl ring. Either unicortical or bicortical purchase of the Cl screw can be performed, 
depending on the location of the ICA (Fig. 11-8). The ICA is in the path of the screw on at least one 
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FIGURE 11·7 
A,B: The entry point for the C1 screw has to be marked with a small-tipped high-speed bur to avoid slippage of the drill. 

side and at high risk of injury in 12% of patients (7). The ICA can also be injured by a drill bit or tap 
that extends beyond the anterior arch of C1, and therefore, careful preoperative planning is essential 
(Fig. 11-9). TYPically, the exit point of a bicorticallateral mass screw on the anterior arch of C1 is 
in the same coronal plane as the anterior aspect of the odontoid, which is clearly visible on lateral 
fluoroscopy. This relationship is best appreciated on an axial CT image at the level of the Cl ring ( 6). 

C2 Pedicle Screw Ff.xa~Wn First. we typically start by elevating the atlantoaxial membrane 
that is detached gently from the posterosuperior aspect of the neural arch of C2 to have visual con
trol on the medial wall of the C2 pedicle. The C2 pedicle is generally defined as the portion of the C2 
vertebra that is beneath the superior facet and anteromedial to the transverse foramen and connects 
the vertebral body to the articular process (9). The inferior articular process of C2 is then exposed. 
The landmark for the entry point of the C2 pedicle screw is the superior medial quadrant of the C2 
isthmus (1) (Fig. 11-10). Using a bur, the entry site is marked in the upper medial quadrant of the 
posterior surface of the inferior articular process. A drill bit is usually used and advanced at low 
speed in the sagittal plane, trying to hug the medial wall of the pedicle in a slightly cephalad and 
medial direction. The insertion angle is 20 to 30 degrees cephalad and 20 to 30 degrees medial to 
the midline in the axial plane. The insertion is done under continuous palpation of the pedicle with a 
nerve hook. Drilling must be done in an incremental fashion toward the anterior cortex (Fig. 11-11 ). 
After drilling the path, a pedicle probe is inserted to palpate the walls of the pilot hole. Tapping is 
always done, even in osteoporotic bone, because it provides another opportunity to confirm that the 
walls of the hole have not been breached. The polyaxial screw is then inserted following the same 
path. Fluoroscopic guidance may be used while drilling, tapping, and inserting the pedicle screw. 

FIGURE 11·8 
C1 cadaver bone showing entry points and direction of the C1 lateral mass screw. One screw is 
unicortical and the other is bicortical. 
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FIGURE 11·9 
Axial diagram and axial section from a fresh-frozen cadaveric specimen showing the risk of C1 screw 
placement relative to the location of the internal carotid artery (ICA) and the vertebral artery (VA). 
(Adapted from Currier BL. Maus TP. Eck JC, et al.: Relationship of the internal carotid artery to the 
anterior aspect of the C1 vertebra: implications for C1-C2 transarticular and C1 lateral mass fixation. 
Spine (Phi/a Pa 1976) 33: 635-639, 2008. Used with permission of Mayo Foundation for Medical 
Education and Research.) 

In some patients, the pedicle may be too small to safely insert a screw because of the location of the 
VA. In these patients, a shortet pars screw or laminar screw can be chosen. 

C2 Pars Screw Fixation 'lraditionally, there has been ambiguity in defining the pars inter
arti.cularis and pedicle of the C2 vertebra (4). The pars is usually defined as the narrow portion of the 
C2 vertebra connecting the superior and inferior articular facets (9). The entry point of the C2 pars 
screw is about 3 mm caudal and 3 mm lateral to the medial border of the pars interarti.cularia. The 
entry point is more cranial and medial than the starting point for a pedicle screw. 

An appropriate screw entry point, trajectory, and length are determined by preoperative tern
plating. Care must be taken to avoid injury to an atypical high-riding VA. 'IYPically, the screws 
are angled 10 to IS degrees medially and 3S degrees superiorly to avoid injury to the VA. These 

FIGURE 11-10 
The correct starting point of the 
G2 screw is defined roughly as 
the intersection of the midlines 
of the lamina and the pars inter
articularis. Some surgeons prefer 
to make the starting point slightly 
more in the upper, inner quadrant. 
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A,B: C2 screw trajectory is approximately 20 to 30 degrees cephalad. In the transverse direction, the orientation is also 
approximately 20 to 30 degrees convergent. 

screws can be inserted under fluoroscopic guidance and may be used to salvage failed pedicle 
screws. In approximately 20% of patients, the patient's anatomy precludes insertion of a pedicle 
screw (2). 

C2 Tt'anslamina1' Screw Fixation This technique was first described by Wright in 2004 
(29). It avoids the risk of VA injury and ill a good backup technique in patients with aberrant VA 
anatomy or after a failed pars or pedicle screw attempt. Using a high-speed bur, the entry point is 
marked on the junction of the posterior spinous process and lamina. The screws should be directed 
so the lamina can accommodate one screw on each side. A preoperative cr scan is helpful totem
plate the screw length and width. A drill bit on a handle can be used like an awl to enter and follow 
the axis of the lamina. A nerve hook can be inserted on the anterior aspect of the lamina to predict 
the thickness of the bone and to avoid a breach in the anterior cortex of the lami:na. Usually, a 20- to 
30-.mm. screw can be placed after tapping and probing the hole. Biomechanical testing has demon
strated the superiority of lamina to pars screw fixation (8). The tip of the screw can exit from the 
lamina laterally to achieve bicortical purchase and also confirm that the screw has not violated the 
anterior aspect of the lamina (17). 

Bone Gmfting atul Decortication Decortication is done in areas that do not compromise 
screw fixation to expose bleeding bone and increase the likelihood of fusion. We normally decorti
cate using a cutting bur after drilling the screw paths since the screw heads can obscure a large area 
of the cortical bone. After insertion of the screws, we perform the arthrodesis with an autograft from 
the iliac crest. We prefer a structural piece of iliac crest secured to the Cl and C2lamina using a 
wiring technique both to compress the graft to the lamina and to add to the biomechanical rigidity 
of the construct. Alternatively, an onlay technique of bone grafting without wiring can be used 

(Figs. 11-12 and 11-13). If the C1 ring is absent, arthrodesis can be accomplished by packing bone 
directly into the Cl-C2 joint after removing cartilage with a curette. 

Reduction and Rod Insertion Rod contouring can be used to reduce a deformity and pro
vide additional security to the bone graft by compressing the graft onto the lamina. Direct manip
ulation of the Cl and C2 segments can be achieved by manipulating the C1 ring with a Kocher 
clamp. Alternatively, direct manipulation of the screws can be performed to achieve reduction. 
Once the reduction has been achieved, the rod is secured to the screws with cap screws, and final 
tightening is performed. Minor compression or distraction of the screws can be performed, with 
care taken to prevent coronal deformity. Cl-C2 deformities, including cranial settling, can be 
addressed by placing a graft or spacer into the Cl-C2 joint (12). We have no experience with this 
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FIGURE 11-12 
Intraoperative image showing the 
final construct with C1-C2 screw
rod fixation. 

PART I Cervical Spine 

technique, but it appears to be a promising option. Goel and Laheri (12) have found it necessary 
to sacrifice the C2 nerve root in the vast majority of patients in order to gain enough exposure to 
place a spacer in the joint. 

Screw Placement in Osteoporotic Patients Polymethyl methacrylate can be used to 
supplement screw stability when the bone quality is very poor (3,27), although we have no experi
ence with tbia in the posterior cervical spine. 

Closure Closure is performed in multiple layers over a deep drain. It is essential to get good 
fascial closure; otherwise, persistent drainage and infection are more likely. The fascia is closed 
with nomesorbable suwres in patients with poor wound-healing potential (those with inflamma
tory arthritis, postradiation, revisions, trauma, etc.). The subcutaneous tissue and skin are closed in 
separate layers, and sterile dressings are applied. The patient is generally placed into a rigid cervical 
orthosis, although some surgeons do not use postoperative immobilization. 

Unk6rtical Versus Bic6rtical SCf'ew In a study done by Eck et al. (10), a bilateral C1 
lateral mass screw was inserted in 15 fresh human cadaveric Cl vertebrae to compare the pullout 
strength of a unicorti.cal screw versus a bicorti.cal screw. The mean pullout strength of a monocorti.cal 
screw was 588 N (range, 212 to 1,234 N) compared with 807 N (range, 163 to 1,460 N) for a bicorti.
cal screw. This difference was statistically significant (P = 0.008). However, previous studies showed 
a mean pullout of 350 N for subaxi.al bicorti.callateral mass screws (14), meaning that 11 of the 15 
unicorlical C1 screws exceeded the 350 N needed for pullout in the subaxial spine. For tbia reason, 
we recommend bicortical screws in osteoporotic patients or highly unstable conditions unless the 
ICA is at risk; otherwise, we typically use unicorti.cal screws. 

POSTOPERATIVE MANAGEMENT 

A hard cervical collar is applied immediately after surgery and is usually kept in place for 6 
weeks to 3 months. depending on the quality of fixation at the time of surgery and anticipated 

FIGURE 11-13 
Intraoperative image showing the 
final construct with C1-C2 screw
rod fixation supplemented with 
a structural bone graft fixed with 
cables to add extra stability. 
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patient compliance. Drains are removed once output is less than 50 mL in an 8-hour period, 
typically on postoperative day 1 or 2. Postoperative antibiotic prophylaxis is given for 24 hours. 
The patient is encouraged to ambulate on the day after surgery, and the bladder catheter is 
removed as soon as the patient is walking. Typically, the patient is discharged on postopera
tive day 2 or 3. Upright anteroposterior and lateral radiographs are ordered before discharge. 
Follow-up is performed at 3 to 6 weeks postoperatively and then at 3, 6, 12, and 24 months 
after surgery. 

COMPLICATIONS 

Vertebral Artery Injury 
The course of the VA through the lateral mass of the axis can be asymmetric in approximately 
50% of patients, making it vulnerable to injury (20). Transarticular screws may be used to augment 
C1-C2 fusions in place of the Harms screw-rod technique in many patients. When there is fixed 
anterior subluxation of Cl relative to C2, however, transarticular screws pose an increased risk of 
VA injury (24). Rates of VA injury during Cllateral mass screw placement range from 0% to 5.8% 
(23,30). As described previously, if a C1 posterior arch screw is intended, careful preoperative plan
ning with aCT is required to avoid VA injury, especially when a ponticulus posticus is present (15). 
If the VA is injured, the bleeding may be controlled by placing the screw on that side. The screw 
should not be so long that it reaches the VA groove. 

If a screw has not already been placed on the opposite side, it is best to avoid placing instrumenta
tion on the contralateral side risking bilateral injury, with the possibility of stroke and death. Prompt 
angiographic evaluation is done postoperatively. 

ICA Injury 
The ICA is at risk for early or late life-threatening hemorrhage and stroke if a drill bit or bicor
tical screw exits the anterior aspect of the C1 lateral mass. In a radiographic study (6), 58% of 
patients were at moderate risk of ICA injury (due to the proximity of the artery relative to the 
anterior arch of C1), and 12% were at high risk, on at least one side. A greater margin of safety is 
provided for the ICA when the screw is angled medially relative to the axis of Cl. However, some 
patients are at risk regardless of screw trajectory because the ICA can be tortuous and its location 
quite variable. Therefore, a preoperative CT scan with contrast medium is recommended before 
placing a screw into Cl. The anterior tubercle of C1 can be used as a fluoroscopic guide during 
screw placement, but the surgeon must understand the anteroposterior relationship of the lateral 
mass of C 1 relative to the tubercle. The surgeon can estimate the appropriate screw dimensions 
on the basis of the shape of the anterior arch of C 1 in the axial plane and the location of the ICA 
and VA. 

Other Complications 
Other complications include infection, bleeding, pseudoarthrosis, paresthesia (typically in the dis
tribution of the greater occipital nerve), adjacent level disease, pain, and medical and anesthetic 
complications. 

RESULTS AND OUTCOME 

Melcher et al. (22) conducted biomechanical testing on cadaveric cervical spine specimens and 
demonstrated that transarticular screws and screw-rod constructs had equivalent biomechani
cal properties. In addition, these constructs showed superior mechanical stability when compared 
with wiring. Table 11-1 outlines some of the advantages and disadvantages of each of the different 
C1-C2 fixation techniques. 

The fusion rates of C1-C2 screw-rod constructs are usually equivalent to transarticular screw 
fixation and higher than wiring techniques. In their original report in 2001, Harms and Melcher (13) 
reported on 37 patients with a C1-C2 screw-rod construct where the fusion rate was 100% on clini
cal and radiologic follow-up. Only one deep wound infection was reported, and one death following 
pneumonia occurred. No neurovascular compromise was noted in this series. Another study done 
by Lee et al. (19) in 2010 compared two groups: group 1 consisting of28 patients treated by C1-C2 
transarticular fixation to group 2 consisting of 27 patients treated by Cl-C2 screw-rod construct 
with a minimum follow-up of 2 years. At 1 year of follow-up, group 1 showed 82% fusion rates 
compared with 96% in group 2 (P < 0.092). 
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TABLE 11·1 Comparison of C1-C21nstrumentatlon Techniques 

Tec:llllque 
s..a ........ ~- Dlladwntages Rllb 

Gallie (11} C1-C2 wiring Very easy Cannot be done if Dural tears 
No need for special posterior arch is Fracture of posterior 

instrumentation deficient arches 
Low cost Low biomechanical 

stability 

Mage~ and C1-C2 Biomechanically stable Cannot reduce C1-C2 VA injury 
Seeman (21) transarticular joint ICAinjury 

fixation Difficult technique Hypoglossal nerve 
Difficult positioning injury 

and trajectory in 
obese patients 
and patients with 
increased thoracic 
kyphosis 

Goeland C1-C2 Can reduce the joint Screw placement is VA injury 
Laheri (12) posterior Biomechanically stable constrained by ICAinjury 

plating Lack of reliance on hole spacing in the Hypoglossal nerve 
posterior arch plate. injury 

Theoretically safer than More difficult to 
Mage~ and Seeman (21) extend to additional 

Possibility of connection to levels with plates 
adjacent constructs 

Can be used as temporary 
stabilization in trauma 
cases 

Hannsand C1-C2 screw- Can reduce the joint Difficult technique Vertebral artery 
Melcher (13) rod con- Biomechanically stable injury 

struct Lack of reliance on ICAinjury 
posterior arch Hypoglossal nerve 

Theoretically safer than injury 
Mage~ and Seeman (21) 

Possibility of connection to 
adjacent constructs 

Can be used as temporary 
stabilization in trauma 
cases 

CONCLUSION 

C 1-C2 screw and rod fixation is a useful technique for the treabnent of C 1 ~2 instability due to 
multiple pathologic conditiODJI and has the advantage of increased. stability and fusion rates com
pared wid:J. wiring techniques, without the need for halo-vest immobilization. It also has the advan
tage of being independent of patient anatomic factors that can limit the application of transarticular 
screw fixation. It also can be applied even with aberrant VA anatomy. Careful planning and meticu
lous execution of this technique often lead to excellent results, with minimal morbidity to the patient 
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Posterior 
Occipitocervical 
Fusion 

Mathias Daniels, Zachary Child, Jens R. Chapman, and Carlo Bellabarba 

INDICATIONS 

Occipitocervical fusion with or without neural element decompression is usually used to definitively 
treat cranioce£Vical instability or defonnity-related conditiOIUI. 'JYpical indicatiOIUI for this proce
dure include patients afflicted by trawna, inflammatory disease processes, deformity, neoplasia, and 
more rarely infections, degenerative diseases, and congenital dysplasia (21). 

Untreated instability or displacement of the craniocervical junction can result in a variety of 
sequelae ranging from progressive pain and neurologic dysfunction to death. Instability of the cra
niocervical joints in the setting of trauma is usually manifested by any translation or distraction of 
more than 1 mm in any plane, presence of neurologic injury, or concomitant cerebrovascular trauma 
(4). With respect to trauma, any injury to the atlantoaxial articulation should be evaluated for its 
effect on the stability of the craniocervical junction. It is important to remember that in instances 
of traumatic craniocervical instability, the static position of the head relative to the cervical spine 
is usually arbitrary and is more dependent on external forces than on any intrinsic injury character
istic. In patients with nontraumatic cranial settling or deformity, such as atlantoaxial dislocation or 
kyphosis, brainstem or spinal cord compression may lead to respiratory compromise, cranial nerve 
deficits, paresis, paralysis, and even sudden death. 

GENERAL TECHNIQUE 

The goal of this type of surgery is to provide permanent immobilization of the craniocervical 
junction and-as needed-adjacent spine segments, in a functionally useful, preferably balanced 
anatomic alignment. This desired result is preferably gained through a firm osseous fusion accom
plished through structural bone graft in combination with morselized graft. Implants ~ the sec
ondary role of securing the best possible craniocervical alignment while optimizing chances for 
successful osseous fusion. In this era of advanced implant fixation systems, the goal of achieving a 
soHd fusion remains paramount to my device design, and thus, suitable attention should be placed 
on allowing for this important biologic healing process to take place (26). Oar preferred internal 
fixation consists of segmental instrumentation via a rod/screw/plate construct and often involves 
the use of cables or wires in a supplemental fashion to secure structural bone graft that bridges 
the occipitoce.rvical junction. Temporary postoperative immobilization can be supplied through 
a variety of modaHties befitting the patient needs and range from a soft neck collar to rigid neck 
collars or halo-vest con.structs. For very young skeletally immature patients requiring craniocer
vical fusion, structural bone graft alone with cables and supplemental halo-vest fixation may be 
sufficient. 

The posterior midline approach is by far the most commonly used surgical approach to treat 
most craniocervical disorders. A straightforward midline exposure usually provides predictable 
exposure of familiar posterior anatomic landmarks and can easily be extended to an extensile 
approach of the lower cervical spine or the upper thoracic spine, if needed (Fig. 12-1). This 
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FIGURE 12·1 
Posterior craniocervical exposure. 
For successful instrumentation of 
the craniocervical junction, it is 
critical to have a clear understand
ing of the complex neurovascular 
anatomy of this region. Anatomic 
norm variants and a variety of 
pathologic conditions can make 
these procedures especially chal
lenging. Having an adequate expo
sure of the posterior bony structures 
is a first important step toward 
successful procedure completion. 

PART I Cervical Spine 

exposure allows for posterior decompression of neural structures as well as placement of bone 
grafting and rigid posterior segmental fixation while it also minimizes long-term exposure-related 
morbidity. Indirect decompression of anterior compressive lesions caused by nonrigid upper 
cervical spine kyphosis can usually be gained through traction and subsequent posterior-only 
decompression and instrumented fusion surgery. Some anterior compressive lesions, such as ret
rodental pannus formation associated with atlantoaxial instability in inflammatory diseases, may 
also be expected to resorb with a solid posteriorly based fusion. Anterior surgery may be per
formed through transoral and anterolateral or direct upper neck exposures. Indications for these 
include fixed upper cervical deformities in need of deformity correction, neoplasia, and rarely 
patients with space-occupying lesions brought on by inflammatory conditions (22). Finally, so
called minimally invasive posterior stabilizing procedures relying largely on interarticular screw 
fixations have been described but have failed to attain greater popularity. All of these variants of 
craniocervical spine surgery are very limited in their indication range compared to the posterior 
midline approach and are highly case specific. Undoubtedly, the posterior open technique allows 
for superior biomechanical stabilization and controlled realignment while affording a high inci
dence of fusion. 

PREOPERATIVE PREPARATION 

As in any surgical undertaking, careful understanding of d:le patient anatomy and pathophysiol
ogy is an important prerequisite for a successful procedure. The craniocervical junction encom
passes a confluence of multiple vital structures, which require appropriate imaging modalities for 
preoperative surgical planning. In addition to anteroposterior and lateral plain radiographs, it is 
helpful to have advanced imaging in the form of computed tomography (CT) scan and/or magnetic 
resonance imaging (MRI) available for comprehensive preoperative assessment as medically indi
cated (25). Perfusion studies, such as MR. angiography (MRA) or CT angiography, may be indicated 
for patients with suspected vertebral artery trauma or in case of suspected vascular abnormalities 
(Figs. 12-2 and 12-3). 

Anteroposterior and lateral radiographs are useful in assessing global sagittal and coronal align
ment, as well as a number of craniocervical reference lines to measure cranial settling and instability 
(Harris lines, Power ratio, Wacbmheim line).ldeally, a true lateral radiograph centered on the cra
niocervical junction is available as a valuable reference tool (20). Some understanding of preferred 
craniocervical alignment of the patient about to undergo permanent fusion of this articulation is 
helpful in ot:der to minimize the risk. of functional impairment or secondary compensatory spinal 
deformity. Calculation of an occipitocervical slope angle and/or occipitocervical incidence may help 
guide alignment determination in the future (16) (Fig. 12-4). 
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FIGURE 12-2 
A,B: Hardware 
placement. 
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C rani oce rvi cal 
instrumentation fixation 
has to be mindful of 
the vascular anatomy. 
The occipital and the 
upper cervical spine 
both require a specific 
understanding of their 
specific anatomy. 
A: In the upper cervical 
spine. the arterial 
anatomy, especially 
regarding the vertebral 
and the internal 
carotid arteries, is 
critical. Should there 
be a suspicion for 
unusual anatomic 
circumstances, 
dedicated preoperative 
vascular studies may 
help in understanding 
and surgical execution. 
B: For occipital part of 
segmental instrumenta
tion, the location of the 
large venous system 
such as represented in 
the transverse venous 
sinus and the sagittal 
sinus is an important 
consideration. As 
represented in this 
diagram, the transverse 
sinus follows a lateral 
trajectory at the level of 
the inion. 
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FIGURE 12-4 
Trauma indication. 
A: This is the lateral 
C-spine radiograph 
and a midline sagit-
tal CT reformat of an 
18-year-old female 
victim of a high-velocity 
car crash. She had a 
Glasgow Coma Score 
(GCS) of 13 and an 
ASIA motor score of 
100 but complained 
of excruciating neck 
pain. The patient was 
placed in a halo vest 
for treatment of a pre
sumed type 2 odontoid 
fracture. The patient 
continued to complain 
of considerable neck 
pain when being mobi
lized despite presence 

FIGURE 12·3 
Measuring craniocervical alignment. The 
subject of craniocervical alignment angles 
has been overlooked for a long time despite 
its significant impact on overall sagittal bal
ance of the patient and potential implications 
on development of adjacent segment disease. 
Occipitocervical slope is determined by draw
ing a line from the midpoint of the orbital 
globe to the opisthion and then calculating the 
resultant angle to the horizon level. Occipital 
inclination is determined as the angle from a 
perpendicular line drawn from the maximum 
anteroposterior skull excursion to a verti-
cal line through the odontoid process. While 
larger population-based studies and relation
ship to outcomes are still elusive, a general 
range of an occipital slope of 20 to 30 degrees 
and an occipital inclination of 30 degrees 
(±5 degrees) has been suggested (19). 

of the halo vest. A 
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B 

c 
FIGURE 12-4 (ContinufHI) 
B: Due to subtle occipitocervical gapping in the parasagittal CT reformats, MRI scanning was ordered. These T2-weighted 
images showed clear bilateral disruption of the occipitocervical articulations. C: The patient experienced remarkable almost 
immediate pain relief following segmental instrumentation and arthrodesis as shown on the postoperative lateral and open
mouth odontoid views. The halo vest was left in place for 6 weeks after surgery as it had been put in place already. Modern 
segmental fixation frequently does not require more than a collar for successful fusion. The patient returned to a normal lifestyle. 
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CT imaging with reformatted views in sagittal and coronal planes allows for detailed assessment 
of bony architecture in preparation for hardware placement. This is of particular importance toward 
better understanding of vertebral artery anatomy, which can be quite variable. Other anatomic norm 
variants, such as failures of segmentation or formation in the craniocervical junction, should be 
assessed on CT. Finally, important insights that can be gained from preoperative CT analysis, for 
instance, include occipital skull thickness, the presence of associated skull and cervical segment 
fractures, as well as bone quality and spinal morphology in general (14). 

MRI is helpful in identifying medullary signal changes in brainstem and cord, demonstrating 
space-occupying lesions in the neural canal and assessing for integrity of craniocervicalligaments 
and fluid signals in the major articulations of this critical and vulnerable transition region. 

Mechanical stability of the craniocervical junction is a result of a combination of osseous, lig
amentous, and muscular restraints that permit a significant degree of motion in multiple planes 
(7,21). For patients with questionable stability, fluoroscopically guided traction tests have been 
helpful adjuvants in decision making. This form of dynamic imaging has proven to be safe in our 
hands and can convincingly confirm either instability or ligamentous integrity (4). 

For a variety of conditions, it can be very important to establish integrity of cerebral blood flow. 
This is probably best established with CT angiography; however, :MRA can be a suitable alternative 
(10). In cases of flow impainnent, it may be helpful to obtain cerebral Doppler monitoring to look 
for ongoing perfusion problems. 

EXAMINATION PEARLS 

• Preoperative clinical examinations of patients with suspected craniocervical abnormalities if 
possible preferably include assessment of long-tract signs, pathologic reflexes, and cranial nerve 
function 2 to 12 bilaterally in addition to the usual systematic motor, sensory, and reflex assess
ment. Exorbitant pain in the skull base region may indicate trauma and/or instability. Greater 
occipital neuralgia may be pathognomonic for chronic atlantoaxial derangement and C2 root 
impingement. 

• Craniocervical dissociation or severe rotatory subluxation (types m or IV) should heighten the 
suspicion for presence of a vertebral artery injury. Fractures of the transverse foramen, especially 
displaced fractures, may be other tip-offs for potential vertebral artery injuries (10). 

• Anterior fractures of the occipital condyles deserve scrutiny, and the potential for craniocervical 
dissociation should be considered (2). If in doubt, a manual fluoroscopic traction test can be per
formed to document stability. Presence of bilateral occipital condyle fractures invariably implies 
an unstable occipitocervical dissociation. 

• Radiographic signs of transverse alar ligament (TAL) instability include widening of the lateral 
masses and bony avulsion injuries of the atlas. The TAL is considered to be the primary stabilizer 
of the atlantoaxial articulation. 

• A preoperative/intraoperative fluoroscopic manual traction test can confirm ligamentous disrup
tion and document cervicocranial instability. 

• Preoperative CT angiography and/or MRA is recommended preoperatively for suspected verte
bral artery injuries. 

TECHNIQUE 

Preoperative Preparation: Instability or derangement of the craniocervical junction places its 
neurovascular structures at risk with potential for catastrophic outcome due to a lack of substan
tial primary bony craniocervical stabilizers. For severe craniocervical trauma, initial stabilization 
is preferably accomplished with sandsacks surrounding the head with tape placed transversely 
across the patient's forehead. Alternatively, a primary halo-vest assembly can be considered as a 
temporary immobilizer. Traction is not desirable in this setting. Neither of the mentioned external 
immobilization options is particularly functional beyond a relatively brief temporizing period, 
thus placing an imperative on early definitive surgical intervention (5). For elective conditions 
such as craniocervical settling seen with inflammatory conditions, thought may be given to pre
operative skeletal traction, usually applied through a halo ring over a course of several days, with 
the goal to facilitate a gradual deformity reduction over several days. Such a deformity reduc
tion through skeletal traction is preferably accompanied by serial lateral C-spine radiographs and 
clinical evaluations. 

Prior to actual surgery, it is important to establish a safe airway, avoiding excessive manipula
tion of the patient's neck prior embarking on surgery in cases of instability or major deformity. 
For those patients, a safe endotracheal airway can be established through awake fiberoptic or nasal 
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intubation techniques while maintaining full spine precautions with the patient positioned prone 
on a radiolucent table. Baseline electrophysiologic monitoring with somatosensory evoked poten
tials and motor evoked potentials is completed prior to prone positioning and repeated after final 
positioning. Final craniocervical fine adjustment is performed under fluoroscopy shortly after turn
ing the patient prone to assure the best possible closed reduction prior to embarking on surgery. 
For trauma cases, the surgeons might consider the threat of craniocervical distraction by excessive 
reverse Trendelenburg positioning. 

Surgical Technique: The suboccipital region is prepared with an electric razor to 1 em above 
the inion. Durable tape is then used to depress both shoulders to facilitate intraoperative lateral 
fluoroscopic visualization from the inion to the cervicothoracic junction. Depending on body hab
itus, tape can be helpful to retract redundant skin overlying the posterior cervical spine. Surgi
cal exposure is gained through sharp electrocautery-aided dissection of the midline intemervous 
plane between left and right paraspinal muscles. We make every effort to preserve the interspi
nous ligament anatomy emanating from the C2 spinous process to the more caudal spinous pro
cesses. Care should be taken to avoid the greater occipital nerve and terminal branches of the 
third occipital nerve, which are present in the fascial plane. Subperiosteal dissection is continued 
along the spinous processes, lamina, and facets of Cl, C2, C3, as well as other lower cervical 
spine levels as indicated clinically. Care should be taken during dissection of the C1 arch, as the 
vertebral artery can be as close as 1.5 em lateral to the midline before it penetrates the posterior 
atlantooccipital membrane. Dissection of the Cl-C2 posterior facet is very helpful in establish
ing anatomic landmarks and can also help in gaining access to prepare an atlantooccipital facet 
arthrodesis. Dense venous plexus bleeding is to be anticipated during this portion of the dissection 
but can often be minimized with bipolar cauterization dissection. We prefer dissecting the C2 root 
bilaterally and do not routinely sacrifice this root for purposes of atlantal lateral mass hardware 
placement. 

Decompression of neural elements is case dependent. For patients with space-occupying lesions 
in either the anterior or posterior extradural space, we usually have a very low threshold to perform a 
Cllaminectomy and a limited suboccipital decompression as well as laminotomy of the rostral edge 
of C2. If at all possible, we attempt to preserve a portion of the C2 lamina and its spinous process to 
allow for a stable caudal bony landing site for a craniocervical bone graft. 

Our preferred method of cervical fixation consists of secure segmental instrumentation of the Cl 
lateral mass and C2 with pedicle screws, pars, or translaminar screws depending upon best available 
bony trajectories and bone quality. Transarticular atlantoaxial screws offer excellent bone purchase 
and were the previous preferred method at our institution but can be more challenging to perform 
and are clearly less versatile (13,27). It is encouraging to know that all these mentioned screw 
placement methods have shown comparable rates of biomechanical in vivo stiffness and placement 
accuracy in clinical series (6,17). When selecting a starting point for a Cllateral mass screw, the 
surgeon should be mindful of posterior arch osseous anatomy, avoiding pitfalls such as a ponticulus 
posticus (posterior bone bridge over the vertebral artery) (29). If indicated, caudal extension of the 
construct to the subaxial C-spine and beyond is readily possible. 

Prior to placement of occipital fixation, we suggest preparing for the posterior arthrodesis by 
selecting a suitable occipital graft landing site. It may be helpful to template a variety of occipi
tal fixation options such as longitudinal rod plates or transverse midline crossing plates to find 
an optimal spatial compromise between graft and hardware in this limited space. Placement of 
a quality structural graft to bridge the occiput to the upper cervical spine is key to the ultimate 
goal of achieving a solid fusion-with the posterior arch of C2 serving as a valuable base for the 
structural graft (26). For this purpose, we recommend placing two small burr holes on either side 
of the midline about 1 em superior to the foramen magnum. This allows for passage of a cable on 
either side, which can then be used to secure the occipital graft firmly against the occipital host 
site (26). 

Fixation of the implant construct to the occiput is completed with three or four 3.5 cortical screws 
with bicortical purchase. Usually, midline fixation offers much better screw purchase compared to 
screws placed more laterally (9,12,14). Many manufacturers offer a plate construct to secure occipi
tal screw fixation. This dictates screw fixation points to some degree but may offer biomechanical 
advantages if locking screws are available (9). While certainly not desirable, incidental cerebrospi
nal fluid leak following drilling of the occiput can be usually directly stopped by screw placement. 
Drilling of screw holes at or above the level of the inion is not desirable due to likely subsequent 
external hardware prominence and possible injury to the transverse sinus, the latter with potentially 
fatal consequences to the patient. A structural corticocancellous bone graft is then fashioned into a 
clothespin shape that can straddle the C2 spinous process and cradles the posterior occipital bulge. 
After decortication of the recipient bed with a high-speed burr, this clothespin-shaped structural 
graft is then secured to the occiput with the previously placed cables via drill holes in the graft. 

163 
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Compression of the structural graft to the upper cervical spine can be accomplished with a C2 
spinous process cable, sublaminar C2 cable, or cable looping the cervical component of the rod 
fixation. We usually will fill any gaps between posterior bony elements and the structural graft with 
morselized cancellous bone. 

SURGICAL PEARLS 

• Place the patient in not more than a slightly reversed Trendelenburg position to aid in venous 
outflow during surgery and minimize blood loss. 

• Preoperative assessment of physiologic or otherwise desirable craniocervical angle. 
Transparent drapes can be used to better assess the angle clinically. Definitive normative 
data remain sparse, but an occipital slope of approximately 20 to 30 degrees or an occipital 
incidence of approximately 30 degrees (±5 degrees) has been described as normal (16). H 
needed, it is probably better to err toward a more downward craniocervical angle to assist the 
patient with an extensive occipitocervical fusion with their horizontal gaze and ground con
trol rather than creating a hyperextended posture. Hyperextension also places the patient at 
a higher risk of neural element compression, while hyperftexion invites anterior subluxation 
of the craniocervical junction by moving the overall cranial center of gravity forward (3,19) 
(Fig. 12-4). 

• Meticulous attention to bone grafting technique. Leave a portion of spinous process with 50% of 
the C2 arch intact-if possible-to allow for attachment of a structural corticocancellous bone 
graft and aid in fusion. Create direct compression of the structural bone graft to the occiput with 
transoccipital cable fixation (26). 

• Consider delaying extubation after extensive upper cervical stabilization to avoid complications 
of airway swelling, depressed gag reflex, and airway control in the immediate postoperative 
period. Emergent reintubation is a possible complication of upper cervical surgery especially 
multilevel combined anterior and posterior approaches (3,24). 

• Rigid fixation of the craniocervical junction with two separate parasagittal plates or cervical rods 
improves rotational stability compared to a single midline or "Y-plate" and aids in bone grafting 
(1,23). 

• Consider placement of upper cervical spine hardware unilaterally before addressing the contralat
eral side as a precaution or if vertebral artery injury is suspected. Use of intraoperative Doppler 
ultrasound performed above the C1 arch can aid in diagnosis of an unrecognized vascular injury 
of the vertebral artery at C2 or below. 

• Obtain aCT postoperatively if clinically indicated. This can be reassuring in identifying spatial 
alignment and quality of hardware placement. 

• Insist on centered true lateral preoperative imaging to minimize risk of missing craniocervical 
derangement and to allow for referencing of intraoperative alignment changes. Reference points 
such as overlapping occipital condyles, C2 interarticular pedicles, and Cllamina may help in 
hardware placement and determination of alignment intraoperatively. 

POSTOPERATIVE MANAGEMENT 

Patients undergoing craniocervical arthrodesis, as in other complex and combined upper cervi
cal procedures, are at an increased risk for postoperative airway swelling and loss of the pro
tective gag reflex. Premature extubation and airway obstruction from swelling can necessitate 
emergent reintubation with adjuvant risks. At our institution, we usually keep patients with 
craniocervical fusion surgery intubated until the day after surgery when the patient has been for
mally assessed for airway competence (24). However, airway swelling likely has peaked prior to 
a 72-hour postoperative time point. Keeping the patient head elevated at least 30 degrees aids in 
reducing soft tissue swelling of the head-neck region and will minimize the aspiration risk when 
there is an expected temporary diminution of the physiologic gag reflex due to retropharyngeal 
swelling. 

Early mobilization in a cervical orthosis (Miami J, Philadelphia collar) provides adequate exter
nal support if the internal fixation is considered sufficiently strong. Infrequently, a halo can be 
employed for supplemental immobilization for select patients with facial fractures, multilevel cer
vical spine injuries, poor bone quality, or uncertain quality of the internal fixation construct (5). A 
cervical orthosis is usually continued for 2 to 3 months postoperatively. Flexion/extension, open
mouth odontoid, and, if necessary, traction radiographs can document stability of the upper cervical 
and craniocervicaljunction (Fig. 12-5). 
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A B 

FIGURE 12·5 
Nonunion. Advanced stable craniocervical instrumentation systems do not compensate for a stable fusion of this highly mobile 
transition zone. In fact, it could be argued that special attention should be paid toward achieving solid bony arthrodesis as a 
priority over segmental instrumentation. A: This lateral radiograph shows a patient who had received a craniocervical fusion 
for severe upper cervical cord impingement in presence of spastic cerebral palsy. This wheelchair-bound patient appeared to 
have a favorable symptom resolution despite an overall forward-tilted posture. B: Three years after his instrumentation, the 
patient returned with painless hardware prominence over his skull. The patient has broken his craniocervical hardware and 
dissolved a structural allograft due to a nonunion of the craniocervical articulations. 

COMPLICATIONS 
Complications from craniocervical fusion surgery can be grouped into early perioperative and late 
outcome-related categories. Beyond this common delineation, there are strongly divergent priorities 
in outcomes for trauma patients compared to patients with more elective subacute conditions, such 
as destructive processes involving inflammatory, neoplastic, dysplastic, infectious, or metabolic 
conditions. 

For trauma patients, the main priority ia expressed in survival and optimizing chances for recov
ery of neurologic injury. Injury-specific outcomes and complications of craniocervical dissociation 
in survivors are dependent on the type and severity of associated injuries (especially closed head 
injuries), neurologic injury, and the timeliness in which the diagnosis of craniocervical dissociation 
is made and subsequent treatment is initiated (4,30). It has been shown that early recognition and 
timely fixation of these injuries improve outcome by protecting against secondary neurologic deteri
oration. In less obvious cases of craniocervical dissociation the patients own medical comorbidities, 
adjuvant treatment administered and baseine functional status are felt to affect eventual outcomes. 
For these patients, preoperative optimization of medical comorbidities and other preparatory efforts 
such as traction-based realignment, embolization, and staged anterior or anterolateral surgery where 
indicated are aimed at minimizing perioperative complications while enhancing chances for main
tenance of quality of life. However, the magnitude of initial injury and timeliness of treatment are 
likely the major predictors of eventual disability. 
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Delay in Diagnosis and Neurologic Decline 

Preoperative neurologic injuries and baseline conditions play a paramount role in eventual func
tional outcomes. For tmumatic conditions and other causes of instability, such as craniocervical 
insufficiency from metabolic or inflammatory etiology, delay in diagnosis may increase the risk 
of secondary neurologic deterioration. Recovery from manifest spinal cord injury for trauma or 
nontraumatic conditions has been highly inconsistent and can certainly not be counted upon. 

Perhaps the most important and avoidable complication in craniocervical dissociation is the poten
tial for neurologic decline associated with unrecognized injury and unnecessary delays in surgical 
stabilization. While halo/vest external immobilization is perhaps the best of the orthosis supports, it 
has been shown to provide ovemll poor stability in this highly unstable injury (5). It is therefore not 
reconunended as stand-alone treatment (30). In the Harborview series of tmumatic craniocervical 
dissociation, there was a clear correlation with neurologic deterioration associated with missed inju
ries and delays in treatment. Four of seventeen diagnosed upon evaluation with no decline in Ameri
can Spinal Injury Association (ASIA) status and 5113 patients who had a mean delay in diagnosis 
of 2 days suffered profound deterioration (4). Five patients in this cohort were only diagnosed after 
neurologic decline was noted and another five caught upon repeat ATLS screening examination at 
the accepting tertiary hospital. In one case of postoperative decline, a revealed malreduced occipito
cervical joint, cerebellar infarction, and hydrocephalus were diagnosed. This construct was revised, 
the posterior fossa was decompressed, and a ventriculoperitoneal shunt placed with near-complete 
resolution of the patient's tetraplegia with exception of minor gait abnormalities at last follow-up. 
No cases of cervical pseudarthrosis were identified in our experience although one case of Tl-T2 
pseudarthrosis was revised at 1 year postoperative. 

Based on the tmuma experience, it stands to reason that every effort be undertaken to avoid sec
ondary neurologic deterioration in patients with subacute craniocervical conditions. Recovery of 
myelopathy may be expected but is dependent upon factors such as age of patient, duration, as well 
as severity of neurologic symptoms. Overall, it appears that cmniocervical reconstructive surgery 
seems to be affected by a very low incidence of perioperative neurologic decline. 

Neurovascular Injury 
Penetration of the inner cortex of the skull can lead to injury to neural or vascular structures, nota
bly the vertebral basilar system and venous sinuses via either wires or screws. Use of the occipital 
"Y-plate" takes advantage of thicker midline bone and therefore longer screws but offers less rota
tional stability and limits application sites for structural bone graft. It is for this reason that most 
surgeons favor bilateral plate/rod fixation. Complications of hardware placement in the atlas and 
axis are described elsewhere in this textbook but include potential for screw malposition resulting 
in injury to the vertebral artery, spinal cord, hypoglossal nerve, and carotid artery. Placement of 
atlantoaxial transarticular screws has led to a reported clinical incidence of vertebral artery injury 
of 0% to 6%, with an associated 0.2% risk of immediate neurologic deficit and estimated 0.1% 
mortality. In a systematic review performed on over 2,000 patients with craniocervical fusions 
mainly in case reports, the authors identified a 1.4% to 4.1% incidence of vertebral artery injury 
mainly associated with transarticular screw fixation (18). In the event of a vertebral artery injury, 
local hemostasis should be achieved by placing the shorter screw on the affected side, or facilitate 
local hemostasis by judicious placement of local hemostatic agents and bone wax. Placement of 
contralateral screws should be deferred until completion of postoperative interventional angiogra
phy allows for assessment of basivertebral arterial flow and either embolization or recanalization 
of the affected side has been accomplished. The use of a pedicle screw at C2 if possible combined 
with a C 1 lateral mass screw carries a lower theoretical risk of vertebral artery injury than the 
transarticular screw and has a more easily achievable trajectory (11,15,18). This is a viable alterna
tive to transarticular screw fixation when there is an anomalous vertebral artery anatomy or when 
patient anatomy or positioning interferes with correct screw trajectory. Pars screws are frequently 
employed in our practice owing to their ease of placement and safety, as are translaminar screws all 
dependent on local anatomy (6). 

Intraoperative internal carotid artery and hypoglossal nerve injury will likely not be noticed 
intraoperatively. Retropharyngeal soft tissue swelling on a lateral cervical radiograph can lead to 
the diagnosis if suspected. Angiographically aided embolization following trial occlusion with 
an intra-arterial balloon can be used to control local hemorrhage. The anterior cortex of the C1 
lateral mass lies approximately 7 mm posterior to the anterior most portion of the C1 anterior 
arch and can be estimated by evaluating a preoperative lateral radiograph and CT axial images 
of the atlas. 

Occipital numbness or dysesthesias are rare but can result from C2 nerve root injury and the 
posterior atlanta! isthmus during posterior C1-C2 facet arthrodesis. 
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Nonunion/Malunion 
Historically, nonunion of craniocervical fusions appeared to be quite common with rates of up 
to 23% having been reponed with nomigid onlay grafting and fixation using wiring-type tech
niques. In contrast to a large variety of nonrigid forms of craniocervical instrumentation, the cur
rent rigid segmental forms of fixation and grafting detailed in this chapter have resulted in fusion 
rates approaching 100%. A recent systematic review identified a nonunion rate of about 7% during 
atlantooccipital fusion (8). 

In our trauma seri.ea of craniocervical fixation, there were no cases of cervical pseudarthrosis, 
although one case of Tl-T2 pseudarthrosis was revised at 1 year postoperative. 

Early hardware failure via screw cutout either in the atlas or of the screw shaft within the pars 
of the axis ill uncommon but not impossible. Patient-specific anatomy such as a very shallow and 
arcuate isthmus can lead to limited screw purchase within the axis. Similarly, inadequate screw 
purchase at the anteroinferior edge of the Cl lateral mass can occur if drill trajectory is not suf
ficiently directed cephalad. Late hardware failure can result from a pseudarthrosis. Revision pos
terior atlantoaxial fusion, occipitocervical fusion, or anterior atlantoaxial arthrodesis may then be 
necessary. 

A potential technical problem of craniocervical fusion surgery includes malreduction, which, in 
the Harborview series, resulted in one case of acute neurologic worsening (4). lbis case was emer
gently taken back to the operating room for craniocervical realignment, and nearly all symptoms 
improved. Malreduction in an excessively lotdotic position can also lead to functional disability 
with the patient unable to reference the floor during gail A compensatory response based on the 
patient's compulsion to bring their gaze to at least neutral can lead to a lower cervical compensatory 
kyphosis. Conversely, a kyphotic craniocervical angle can lead to subaxial hyperlotdosis or induce 
anterior subluxation of the craniocervical junction. Craniocervical malreduction can also propagate 
swallowing dysfunction and can be predicted to some degree by placing a patient into a hal~ vest 
preoperatively (3). In presence of ventral space-occupying lesions, such as a retrodental pannus 
formation, a flexed craniocervical position will also lead to persistent neural element impingement 
(Fig. 12-6). 

A1 A2 

FIGURE 12·8 
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Inflammatory indication. A: These are sagittal GT and T2-weighted MRI images of a 52-year-female with history of juvenile 
rheumatoid arthritis and substantial skeletal manifestations. Despite these. this patient leads a very active and successful 
personal and professional life, which was increasingly hampered by severe headaches and occipital pressure sensations with 
simple activities. Her physical examination showed no signs of myelopathy or focal motor deficits but was limited by joint 
abnormalities. These images show basivertebral invagination due to progressive destructive atlantoaxial arthropathy. 
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B1 B2 

FIGURE 12·8 {Continutd) 
B: Following gradually increasing skeletal traction applied over several days preoperatively, the patient returned to a 
symptom-free lifestyle following craniocervical instrumentation and successful fusion. Note that the caudal instrumentation 
was extended to the T2 segment in light of the underlying disease process of the patient. 

RESULTS 

Regardless of underlying conditions, most result reporting for craniocervical fusion has been limited 
to perioperative complicatiODll and reoperations, neurologic functional recovery, and patient sur
vival (18). Unfortunately, there are almost no health-related quality-of-life data on affected patients 
living with craniocervical fusion surgery (Fig. 12-7). 

For patients with preoperative neurologic compromise, some improvements may be possible 
follow.ing direct or indirect decompression and craniocervical stabilization surgery. In our trauma 
series, a mean ASIA motor score improvement of 29 points (SO to 79) was recorded. with 85% of 
patients improving at least one ASIA grade. Of two complete spinal cot:d injuries seen, one experi
enced substantial improvement from a high cervical to midthoracic level of function and the other 
maintaining a midcervicallevel and requiring continued ventilator dependency. 

Restoration of physiologic alignment as seen on radiographs was maintained as well. The basion
dens interval (BDI) improved 6 mm. (17 to 11), and the mean basion-atlantal interval decreased 
from 10 to 8 mm in these 17 patients. Normalization of preoperatively abnormal BDI occurred in 
all but two patients. One case, which presented with severe distraction that could not be completely 
reduced, resulted in a postoperative BDI of 18 mm. 

In general, there is a much improved emphasis on timely recognition of traumatic and subacute 
conditions affecting the craniocervical junction. Available modern segmental fixation with modular 
components seems to be safe and effective. Bone healing rates require critical longer-term. assess
ment as there may have been a lesser degree of emphasis on formal arthrodesis than in times past 
with less sophisticated internal fixation. 

Clearly, there is a trend for increased survival in craniocervical dissociation patients. Previous 
reporting of these injuries documented in case reports was often notable only for their survival. 
Prompt diagnostic suspicion and management of these highly unstable injuries have enormous 
importance for patient care, and neglect can be catastrophic (11,15,28). 
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A1 A2 

A3 

B 

FIGURE 12·7 
A: This is aCT scout. an axial CT image, and a three-dimensional CT reconstruction of a highly functional 39-year-old male 
with spastic torticollis secondary to cerebral palsy. He had failed extensive nonoperative care including bracing, serial Botox 
injections. and systemic muscle relaxant applications. His social interactions were also adversely affected by severe facial 
twitches. which precipitated his cervical distortions. These images demonstrate a reversible atlantoaxial rotatory dislocation 
and C2-C3 subluxation. B: After extensive counseling and following consultations with a number of non operative specialties, 
the patient elected to proceed with craniocervical fusion. In light of his neuromuscular condition, a caudal fixation to T2 was 
chosen. This lateral radiograph obtained at 1-year follow-up shows successful fusion in anatomically acceptable alignment. 
Remarkably, the severe facial contortions of the patient had also subsided to a substantial degree. 
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INDICATIONS/CONTRAINDICATIONS 

The extensi1e approach is used to gain access to the lower thoracic spine and lumbar spine simul
taneously. This approach allows spinal access for anterior soft tissue release and correction of 
deformities with instrumentation in the anterior position alone (5). It is abo used for treatment of 
thoracolumbar fractures, either acute or chronic. In many patients wi1h chronic fractures, kyphosis 
is often present as a result of the fracture. The extensile approach allows acellcnt visualization of 
the anterior column of the spine in a cin:u:m.ferential JDaiiiiei'. This allows surgical relea8e of the 
anterior soft tissue-deforming structures (such as the annulus and the anterior longitudinal liga
ment), vertebrectomy, and correction of the deformity. Correction of the kyphosis, I'CCOD8truction of 
the vertebra with placement of a graft, and anterior stabilization can be ewrily accomplished through 
this approach. 

PREOPERATIVE PREPARATION 

The approach can be made from either the right or the left side. The goab of the surgical procedure 
and the side of major pathology often dictate which side is used. If an anterior release is all that is 

171 



172 

FIGURE 13·1 
Positioning the 
patient in the appro
priate manner allows 
good visualization 
of the surgical site 
and allows all bony 
pressure areas to be 
adequately protected. 
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necessary; it is most often worthwhile to work on the convex portion of the curve. It is often very 
difficult to work in the concave side and achieve an adequate and complete soft tissue release. For 
fracture decompression. reduction, and stabilization, both the right and the left sides can be used 
according to the surgeon's preference. Because the arterial vessels lie most often on the left side 
of the spine, it is often easier to approach from the left in order to mobiliz.e the vessels and mini
mize risk to the inferior vena cava. It is worthwhile to determine whether there are any preexisting 
problems related to the pulmonary cavity, such as fibrosis from old respiratory diseases or previous 
abdominal procedures, that could make the approach more difficult. This extensile approach allows 
exposure from the distal thoracic spine all the way to the sacrum if needed. 

Technique 
Positioning of the patient is critical when this approach is used. Planning should be discussed with 
the anesthesia team because the use of a double-lumen endotracheal tube can be extremely helpful 
in minimizing problems with the lung. The use of the double-lumen endotracheal tube ailows the 
lung to be de11ated, which assists in visualization of the surgical field and still allows the patient to 
be adequately ventilated. Thill is most helpful for procedures at T9 and above. When the patient is 
positioned, great care must be undertaken to adequately pad all of the bony prominences around the 
knees, hips, and ankles (Fig. 13-1). An axillary roll should also be placed to minimize injury to the 
brachial plexus. The use of a vacuum-formed beanbag stabilizer provides individualized support 
and stability on the operating table and ailows intraoperative radiographs to be taken (Fig. 13-2). 
Stability can also be augmented with the use of 3-inch-wide tape secured to the operating table on 
one side, brought over the shoulder and hip, and then secured to the opposite side of the table. It 
is preferable to flex the hip in order to relax the psoas muscle. A Foley catheter and a nasogastric 
tube are inserted to decompress the bladder and minimize the risk of intra-abdominal gas formation 
from the anesthetic. H the iliac crest is to be used for bone harvesting, draping of the surgical site 
should be performed in such a manner as to allow exposure of the crest. Once the patient is securely 
stabilized on the table, the surgical site is draped and the skin sterilely prepped. 

Surgical Procedure 
The incision can be made through the 9th, lOth, or 11th rib, depending on the length of exposure 
needed in the thoracic region. Once the determination of the rib level is made, the proposed skin 
incision is drawn over this rib, beginning posteriorly and extending anteriorly and distally to the 
level of the pubic symphysis if necessary. It can be made in a curvilinear manner, which would 
allow full exposure of the distal thoracic and lumbar spine as needed (Fig. 13-3). The skin incision 
is then made sharply through the skin and subcutaneous tissues. 

The latissimus dorsi .DI\lSCle is split, as is the posterior serratus if necessary, which exposes the 
rib (Fig. 13-4). The no can also be used as bone graft. The rib periosteum is split, and the rib is then 
removed in a subperiosteal manner. It is important to make the incision of the periosteum in the 
cephalad half of the rib to prevent injury to the neurovascular bundle, which lies in the rib groove 
caudally. 



13 Anterior Thoracolumbar Extensile Approach 

FIGURE 13-2 
The use of a beanbag 
stabilizer provides 
support of the 
patient and allows 
intraoperative radio
graphs to be taken 
for verification of the 
operative level and 
to assess adequacy 
of reduction or 
decompression. 

Dissection is carried as far posteriorly as needed, usually to the posterior angle, and the rib is 
then transected (Fig. 13-5). The pleural cavity is then opened through the periosteal rib bed. The 
retroperitoneal space is then entered bluntly through the cartilaginous portion of the 1Oth or 11th rib. 

The peritoneum is identified and swept off the deep abdominal .muscles in the direction from ante
rior lateral to posterior medial with a gauze sponge either on the surgeon's fingertip or on a sponge 
stick. Once the peritoneum has been reflected off the abdominal musculature, the internal oblique 
and transversus abdominis muscles are then incised as needed for the exposure. 

Once the incision for the entire length necessary for the procedure has been made, the peritoneum 
is bluntly swept off the psoas muscle and from the undersurface of the diaphragm. which exposes 
the retroperitoneal space. Once this has been accomplished, the diaphragm is incised circum.feren
tially, leaving approximately 1 em of muscle cuff laterally (Fig. 13-6). 

The diaphragm is innervated centtally in a radial manner; therefore, the cuff, even though it 
is denervated, provides an attachment for a diaphragmatic repair; the majority of the diaphragm 
remains functional after surgery ( 6). It is extremely helpful at this point to tag the ends of the 

FIGURE 13·3 
The skin incision is made in a way 
to expose as much of the spine as 
needed. The curvilinear exposure 
allows visualization of the distal 
thoracic spine to the lumbosacral 
junction if necessary. 
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FIGURE 13·4 
The latissimus dorsi muscle and 
external oblique muscle are split, 
exposing the rib. 
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anterior musculature as well as the diaphragm with a suture so this can be repaired in an anatomic 
position after the procedure. Because the diaphragm is swept anteriorly, a portion of the crus of the 
diaphragm may need to be reflected to gain better exposure of the spine. 

Once the spine is visualized, the segmental vessels are then identified (Fig. 13-7). These can be 
found in the concave portion of the vertebral body; the disc spaces are the convex portion of the 
vertebral column when palpated. If an anterior release is all that must be performed, the vessels can 
sometimes be left in position and do not necessarily have to be ligated. 

If cozpectomy or instrumented correction is needed, then the vessels are ligated as necessacy. It 
is important to ligate the vessels approximately 1 em from the intervertebral foramen to allow col
lateral vessels to supply the spinal cord. If exposure to the sacrum is desired, vessels of the lumbar 
venous network often need to be ligated and sectioned. This allows mobilization of the vessels 
anteriorly to expose the lumbosacral junction. It may be necessary to skeletonize the iliac artery 

FIGURE 13·5 
The rib is transected posteriorly, and the cartilage is 
split anteriorly to allow entrance into the retroperi
toneal space. 
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A 

FIGURE 13·8 
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A: The retroperitoneal space is entered through the interval of the transected cartilaginous portion of the rib bed, the dia
phragm, and the anterior abdominal musculature intersection, as shown by the scissor placement. It is important to close this 
interval tightly at the termination of the procedure, to minimize the risk of a hernia. B: The diaphragm is incised in such a 
manner as to leave a lateral cuff of tissue to repair after completion of the spinal portion of the case. 

and vein and work between the bifurcations in order to visualize the LS-S 1 segment in certain situ
ations. The psoas muscle is mobilized in a subperiosteal manner, with great care taken not to work 
through the fibers of the muscle, because potential injury to the lumbar roots can occur. Retraction 
can also be accomplished by the use of a Kirschner wire driven into the posterior aspect of the 
distal vertebral body. Malleable retractors protecting the anterior vessels are then placed to allow 
adequate visualization while the surgeon works at either the disc space or cmpectomy level of the 
procedure. 

Once the procedure is complete, the retractors are removed; the wound is then thoroughly 
irrigated with warm saline. The appropriate-size chest tube is then selected and placed. The 
diaphragm is then repaired with large, nonabsorbable sutures. The rib bed is then closed with 
Prolene sutures, and the lung is reinflated. At this point, a malleable retractor can be placed intra
abdominally to protect the viscus while the muscular layers are repaired. Leaving one end of the 
retractor out of the skin while closing minimiz.es the risk of leaving this tool in the abdomen. 
The muscle layers are then closed individually while the peritoneum is protected. It is extremely 
important during closure to make sure the apex of the distal aspect of the incision, as well as the 
junction of the diaphragm and the abdominal musculature, are adequately addressed to minimize 
the risk of a hernia. The skin is then closed by the use of sutures or staples, and a sterile dressing 
is applied. 

Extreme Lateral Approach 
The extreme lateral approach to the thoracic and lumbar spine also can be used to gain access to 
the thoracolumbar and lumbar spine using less soft tissue dissection (1 ,3,4). This technique can 
provide visualization of the spine through a smaller skin incision but still. provide access to IDllltiple 
levels allowing anterior release for sagittal alignment correction, carpectomy and vertebral body 
reconstruction, and multilevel discectomy and interbody fusion (Fig. 13-SA-D). Great care should 
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FIGURE 13-7 
A: The segmental 
vessels are identified 
in the concave por
tion of the vertebral 
body. There is a paired 
artery and vein at each 
level. B: The disc can 
be identified as the 
convex portion of the 

A 

spinal segment. B 
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be utilized in the lower lumbar region to protect the lumbar roots and vascular structures. With the 
patient in the lateral position, I have found that by flexing the upper hip, the psoas can be rela.xOO 
making it possi"ble to dissect the anterior border of the psoas muscle and ret:racting it posteriorly, 
which still allows accells to the disc spaces but offers better prok:ction for the lumbar roots. 

This approach allows relatively easy access to the lower thoracic, the thoracolumbar junction, 
and the lumbar spine. The L5-Sl junction is extremely difficult to reach via this approach due to 
the position of the neurovascular structures that overlie this area and the iliac crest blocking direct 
lateral access to this segment due to the deep set position in the pelvis. 

COMPLICATIONS 

Closure of the wound should be done in layers to minimize the risk of hernias. Great care should be 
used in handling the soft tissues in the thoracic cavity to rninirniu the risk of injury to the lymphatic 
vessels, which could lead to chylothorax (2). 

Complications can occur with this approach. The right-sided approach can potentially lead to 
damage to the liver from overaggressive retraction. The left-sided approach can lead to damage to 
the spleen. In men, there is the possibility of retrograde ejaculation; therefore, this should be dis
cussed with all male patients before SW'gical intervention. The possibility of injury to the femoral 
nerve can be minimiu:d by slightly flexing the hips. 
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FIGURE 13·8 
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A,B: AP and lateral radiographs of this 55-year-old female who presents with severe scoliosis and back pain that have not 
been responsive to conservative management. C,D: Postoperative AP and lateral radiographs revealing good correction of both 
the sagittal and coronal alignment of the spine using the extreme lateral approach to allow access to multiple segments with 
the placement of interbody cages anteriorly and then stabilization posteriorly. 

Potential injury to the genitofemoral nerve can also be minimized by attention to detail during 
dissection over the psoas musculature. H 1his nerve is injured, painful neuromas can develop. Atten
tion to dissection in the region of the psoas muscle can minimize the risk of injury to the sympa
thetic chain. Injury to this structure often leads to sensations of differences in temperature of the 
lowet extremities. H this potential problem is discussed with the patient before the procedure, their 
concerns can often be alleviated. 

When the vessels are manipulated, it is important to minimize repetitive trauma to the venous 
sttuctures because this can potentially lead to deep vein thrombosis and pulmonary embolus. The 
use of sequential compression stockings both intraoperatively and postoperatively can minimize the 
risk of deep vein thrombosis. It is important to visualize the ureter during the exposure, in order to 
minimize the risk of injury to this structure during surgery. It is critical that 1his sttucture be identi
fied in individuals who have repeat surgery in the retroperitoneal space, to prevent injury. In this 
group of patients with previous retroperitoneal surgical exposures, it is worthwhile to have a urolo
gist insert a stent into the ureter to make it more visible in the scar. 
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INDICATIONS 

Contemporary open thoracolumbar approaches for anterior scoliosis corr:ection and fusion have 
been modeled after the early technique popularized by John Hall from Boston Children's Hospital 
in the late 1980s. The typical curve patterns for which this technique is most appropriate are thora
columbar curves, which we now classify as Lenke V or VI curves. Patient selection and informed 
patient choice in choosing anterior versus posterior approaches need to be thoughtfully and thor
oughly reviewed with the family. The patient depicted in Figure set 14-1 has a Lenke Vb thoraco
lumbar curve as depicted in Figure 14-1A and B radiographically and clinically in Figure 14-1C 
and D. Confirming that the patient's proximal and distal curves are nonstructural is critical for 
restoration of the trunk shift demonstrated in Figure 14-1 C. Her significant rib hump demonstrated 
in Figure 14-lE also responds favorably to the derotation effected by 270-degtee annulotomy and 
discectomy and deliberate orthogonal placement of the screws relative to the native rotational 
axis of the vertebrae. Figure 14-1F and G demonstrate the contralateral locking nut that enhances 
proximal screw fixation. This concept and implant design was popularized by Dr. Izzy Liebermann 
while at the Cleveland Clinic in the late 1990s to address the troublesome rate of proximal screw 
pullout, loss of correction, and potential nonunion noted with the widespread adoption. Figure 
14-10 demonstrates osseous union and the patient's 1-year sagittal profile. Figure 14-lH and I 
demonstrate the 1-year clinical correction of coronal balance, level shoulders, waist symmetry, and 
reduction of rib hump on posteroanterior (PA) and forward bend photos. For this patient, a T9 to 
L2 anterior approach was utilized, whereas with a typical posterior approach, an additional distal 
segment may have been necessary. 
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FIGURE 14·1 
A: Standing PA radiograph of a postmenar
chal14 + 6-year-old female demonstrates 
a right Lenke VB curve measuring 46 
degree from T9 to L2. B: Standing lateral 
radiograph of patient with the Lenke VB 
curve with moderate pelvic incidence and 
sagittal balance. C: Standing clinical PA 
demonstrates trunk shift to the right and 
waist asymmetry. D: Standing clinical 
lateral demonstrates that sagittal balance 
is intact. E: Standing PA with forward bend 
demonstrates the thoracolumbar rib hump. 
F: One-year postoperative (PO) standing 
PA radiograph demonstrates waist symme
try, shoulder balance, and neutral coronal 
balance. E 
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FIGURE 14·1 (CDntinutHI) 
G: One-year PO standing PA radiograph 
demonstrates neutral sagittal alignment. 
H: One-year standing clinical PA 
demonstrates waist symmetry and 
coronal balance. 1: One-year standing 
PA forward bend demonstrates reduction 
of rib and chest wall deformity. 
J: One-year PO forward bend side view. 
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CONTRAINDICATIONS 

Delivery of the appropriate surgical intervention with expected outcome and limited complications 
requires surgeon training and experience coupled with development of clinical and hospital-based 
teams. Surgical intervention for spinal deformity surgery is one of the most demanding technical 
and resource-driven procedures in tertiary medical centers. While outstanding results are published 
from mature centers, these results and outcomes are not generalizable to all orthopedic surgeons or 
neurosurgeons in spine practice. Specific patient selection, indications, informed patient consent, 
and technical execution of the breadth of deformity procedures require specialized training. Indi
vidual patient counseling needs to be based upon the experience and outcomes of the surgical team. 

Use of endoscopic techniques in North America for anterior scoliosis is challenged by the limited 
number of surgeons and centers that have developed this expertise and the resource consumption 
associated with the increased surgical times and potential complications. That said, outstanding clini
cal outcomes have been published by several mature scoliosis centers for endoscopic anterior fusion. 

PREOPERATIVE PREPARATION 

Patient education and informed patient choice require careful discussion of the known outcomes, 
and breadth of treatment choices is an obligation of the surgeon team. Discussion of the specific 
limitations and outcome expectations for the breadth of procedures and evolution of techniques and 
outcomes should be presented to the patient by the patient care team. 

Through the 1980s and 1990s, correction of scoliotic and kyphotic deformity evolved from in 
situ fusion to use of distraction and nonsegmental fixation. Anterior fusion and early anterior fixa
tion were commonly used in deformity centers to enhance fusion rates, treat pseudoarthrosis, and 
limit potential for occurrence of crankshaft phenomenon. North American deformity practices rep
resented by the founders of the Scoliosis Research Society and their fellows became adept at open 
techniques for thoracic and lumbar fusion (3). The commonplace thoracolumbar "sharkbite" with 
reflection and reconstruction of the diaphragm became a routine approach to adult and neuromuscu
lar deformity. When compared to the high rates of pseudoarthrosis in that era, the morbidity of the 
anterior approach was quite favorable in the balance of risks and benefits. 

In the late 1990s and early 2000s, several international and North American centers became 
interested in the immediate and long-term pulmonary effects of scoliotic deformity (1,2,4,13). 
Long-term follow-up of treated and untreated deformities confirmed the deleterious effects to pul
monary function (PFT) due to chest wall stiffening. The least impairment of PFTs was noted with 
brace treatment, but much more substantial impairment was effected with posterior correction and 
fusion. The worst pulmonary outcomes were noted with deformities treated utilizing a thoracot
omy. Ongoing work by the Washington University Department of Orthopedic group in St. Louis 
has added granularity to these observations and noted the progressive improvement during the first 
2 PO years with measurable differences at the final follow-up. The challenge to PFT-based studies is 
that while PFf changes were demonstrated, clinically, relevant improvements to activities of daily 
living or aerobic activities were not demonstrated between the various groups (7). 

With advances in surgical and endoscopic techniques, many surgeons transitioned their practices 
to incorporate endoscopic release, discectomy, fusion, and instrumentation in an effort to generate 
less postthoracotomy symptoms. These techniques were advanced by Picchetti, Sucato, Newton, 
and others through the 1990s and early 2000s (8,9,10,12). Challenges due to high technical demand, 
learning curve, higher nonunion rates, and ultimately increased surgical time and expense were 
noted. Enthusiasm and market share for these advanced techniques have waned. However, more 
recent data on PFT from patients undergoing thoracoscopic scoliosis surgery have demonstrated less 
PFT decline than those undergoing open thoracotomy at 2 years post-op (5). 

Further reducing the indication for anterior release and fusion is the strong documentation 
that pedicle screw fixation will overcome the crankshaft phenomena in Risser zero or one patient 
seen with hook or Luque constructs in these growing spines (11). As additional evidence, multi
center series and quality data have been forwarded from leading international and North American 
spine deformity centers and confirmed that the prevalence of anterior approaches performed has 
diminished significantly in the last decade (6). 

TECHNIQUE 

Application of anterior scoliosis techniques requires specific individualized patient assessment and 
curve characterization. The patient depicted in Figure 14-2 has a more typical Lenke Vb curve pat
tern for which the decisions for classification include focused assessment of the flexibility of the 
thoracic curve. Careful preoperative planning is required in order to balance the structural curve 
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reduction with the residual curves proximally and distally. In addition, attention to obliquity of the 
lumbosacral (LS) takeoff and leg-length inequality ill critical to obtaining a clinically acceptable 
outcome. Figure 14-2A and B and the thoracic side-bending film in Figure 14-2C demonstrate the 
Lenke VIb curve pattern. In the preoperative discussion of treatment options, one needs to include the 
risk of proximal curve progression. Additionally, it is important to discuss the issues of distal-level 
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FIGURE 14-2 
A: Standing PA radiograph of a 16 + 4-year-old female patient with 
a left Lenke Vlb curve with apex at L 1 and a primary structural curve 
from T10 to L3. Shoulder obliquity, waist asymmetry, and trunk shift 
are demonstrated. B: Standing lateral radiograph of the patient with 
the Lenke VIB curve demonstrating neutral sagittal balance. C: PA 
thoracic side-bending radiograph demonstrates flexibility of residual 
right thoracic structural curve. D: Intraoperative photo of the thora
coabdominal wound with rod holder and screw extender sitting behind 
Chandler retractor that sits ventral to the vertebral body and dorsal to 
the aorta. 
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FIGURE 14·2 (Continued) 
E: Intraoperative PA radiograph of the T11 to L3 screws, staples, and single rod in reduced position is demonstrated. Small 
cages are placed eccentrically within the L 1 and L2 disc space to maintain lordosis. F: Intraoperative oblique radiograph 
demonstrates screw trajectory on the coronal plane with rod in position. Note screw extenders project from screws ventrally. 
G: Lateral standing radiograph at 2 months PO demonstrates maintenance of lordosis and sagittal balance. 
H: Standing PA radiograph at 2 months demonstrates balanced LS and thoracic curves with improved coronal balance and 
residual shoulder obliquity. 1: Demonstrates 1-year clinical follow-up with restoration of coronal balance and waist symmetry 
with residual left shoulder depression. 
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selection on flexibility and function, balanced with the potential for reoperation secondary to coro
nal imbalance if the residual curves "add on." Figure 14-20 depicts the single incision technique 
wherein the muscle-sparing window between the latissimus and trapezius is developed. 

The spine is accessed proximal to the diaphragm via an intercostal window and the retroperi
toneum via the typical window off the distal tip of the 12th rib. The proximal discs are excised. 
Implants are placed above the diaphragm, and the dorsal crus is elevated along the 11th, 12th, and 
1st lumbar bodies for access and rod passage from the chest into the retroperitoneum. Figure 14-2E 
and F depict the implant placement neutral to the vertebral segments so as to allow for derotation 
with the fixed angle screws. Lumbar lordosis for the L2-L3 and Ll-L2 segments is maintained with 
small cages in order to balance the patient's native pelvic incidence. These anterior cages have also 
been placed so as to avoid overcorrection of the curve. Intraoperative radiographs are limited by the 
lateral patient position but are used to monitor the intended curve correction. Overcorrection of the 
thoracolumbar curve leaving the residual stiff thoracic curve can result in shoulder obliquity. This 
is demonstrated in Figure 14-2G and H wherein at the 2-month PO period the patient had shoulder 
obliquity. A temporary thoracolumbosacral orthos.is (TLSO) has been used in some cases with resul
tant improvement in balance. For this patient, the family deferred a TI.SO, and at 1 year, the patient 
had excellent overall balance with slight left shouldet depression as demonstrated in Figure 14-21. 

Variations of thoracolumbar curves can also be addressed in select Lenke VIa and Vlb curves. 
Figure 14-3 depicts a young lady with a Lenke Vlb curve for whom lower instrumented vertebra
level selection is a critical issue, given the distal extent of her curve and apparent obliquity of the LS 
curve. Het standing radiographs, clinical photos, and bending films are depicted in Figure 14-3A-F. 
For this patient, posterior instrumentation from T4 to L4 or L5 was suggested. In this situation, 
incomplete reduction of the curves and balancing reduction of the primary thoracolumbar curve to 
the residual stilfness of the proximal and distal curves can be accomplished with a selective anterior 
release, fusion, and instrumentation. The hybrid solution of anterior release and interbody fusion 
as seen in Figure 14-3G-I was mated to a posterior peteutaneous reduction and instrumentation 
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FIGURE 14-3 
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A: PA standing radiograph of a postmenarchal14 + 2-year-old female with significant trunk asymmetry, coronal imbalance, 
and a Lenke VIB curve from T11 to L2. B: Standing lateral radiograph demonstrates sagittal balance. C: Standing clinical 
PA demonstrates coronal imbalance waist asymmetry and shoulder obliquity. D: Standing clinical lateral demonstrates 
sagittal balance. 
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FIGURE 14-3 (Continusd) 
E: PA side-bending radiograph demonstrates LS curve flexibility. F: PA thoracic right side-bending radiograph demonstrates 
the residual structural thoracic curve with rotation. G: Intraoperative PA fluoroscopy view of a lateral access discectomy 
demonstrates the instrument crossing the contralateral annulus to affect the segmental release. H: Intraoperative 
PA fluoroscopy view of undersized implants placed within the released and debrided disc spaces. 
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FIGURE 14·3 (Continued) 
1: Intraoperative lateral fluo
roscopy view of the undersized 
interbody spacers placed ven
trally in the lower lumbar spine 
so as to effect maintenance of 
lordosis and more neutrally 
in the lower thoracic spine. J: 
Intraoperative prone radiograph 
with implants rods and reducers 
in place demonstrating residual 
coronal imbalance. K: Six-month 
PO standing radiograph dem
onstrates balanced curves and 
restoration of coronal balance 
with some residual left shoul
der depression. L: Six-month 
PO standing radiograph dem
onstrates sagittal balance and 
avoidance of excessive kyphosis. 
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demonstrated in Figure 14-31. A key technical point that achieves increased reduction is completion 
of the lateral interbody discectomies and annulotomy in a more thorough fashion than when one is 
only attempting fusion without correction. Undersizing the interbody spacers is important to allow 
for easier derotation. Furthermore, after the discectomies are completed, the patient is repositioned 
prone for the percutaneous screw placement and deformity correction. The prone position affords 
an optimal environment for 36-inch films to assess balance and correction. Balancing of the curves 
and reduced levels of fusion are demonstrated in Figure 14-3K and L, which are the 6-month PO 
standing radiographs. 

PEARLS AND PITFALLS 

Advances in technology with open pedicle screw constructs as well as minimal access and percuta
neous approaches have scaled back the usefulness of open and thoracoscopic anterior approaches. 
Further challenge with delivery of anterior deformity technique is the unique technical and experi
ence demands of an uncommon procedure. With ongoing development of less invasive approaches, 
it is clear that use of anterior surgery will continue to decline. 

POSTOPERATIVE MANAGEMENT 

Anterior deformity procedures require attention to chest tube management and postoperative pain 
management specific to chest wall pain. Use of intercostal nerve blocks and non-steroidal anti
inflammatory drugs (NSAIDs) has afforded significant gains in patient comfort and mobilization. 

COMPLICATIONS 

Early data on anterior open and endoscopic approaches reported technical failures due to loss 
of fixation and nonunion. These issues and potential late pulmonary compromise need balanced 
presentation to the patient and family. 

RESULTS 

Clinical outcomes from mature deformity centers approach the union rate of posterior approaches 
and result in fewer levels fused and avoid the paraspinal muscle denervation and atrophy associated 
with posterior thoracolumbar fusion. The degree and durability of rib hump reduction with anterior 
approaches exceeds that obtained and maintained by posterior approaches. 
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Hemiverteb 
Excision 

Serena S. Hu and DavidS. Bradford 

INDICATIONS/CONTRAINDICATIONS 

Co.ugenital scoliosis can be categorized into deformities that are (a) secOIIdary to failure of formation, 
(b) secondary to failure of segmentation, and (c) mixed lesions (13). Hemivmebrae are examples of 
failure of fOllDalion, whereas congenital bars and blocked vertebrae are examples of failure of segmenta
tion. A unilateral UDSegJDCmted bar, especially one associated with a conlralateral hemivcrtebra, has the 
worst prognosis for progression. Isolated hemivertebrae are less predictable in their growth potential, 
and consequently, the magnitude of the defcrmity that may result from continued spinal growth is uncer
tain. Hemivertebrae in tbe cecvioo1b<xacic and lum.bosaaal j\mcti.ons are more likcly to n:ault in more 
noticeable defunnity bccanse of tbe inability of tbe spine above or below to compeDllat& adequately (8). 
s~ is indicated in children presenting with a significant defoonity greater than 40 degrees with cor
onal imbalance seoondary to a bemivertebra, in patients with a defoonity that has shown progression on 
sequential radiographs, and in patients presc:nting with a lumbosacral hemivert.ebra usocialed with pel
vic obliquity or lumbar scoliosis or both. There are sevetal surgical options: (a) posterior spinal fusion, 
(b) combined anlerior and posterior fusion, (c) hem.iepiphysiodeais, and (d) bemivertebra exci.sion. 

Posterior spinal fusion has been reported as a gold standard in managing spinal deformity. It is a 
relatively straightforward procedure with minimal risks. However, in young patients with a hemiver
tebra, an isolated posterior fusion carries a high probability of worsening deformity because anterior 
vertebral growth may lead to bending and rotation of the fusion mass. A combined anterior and pos
terior fusion improves the fusion rate, may permit some correction if instrumentation is used and/ 
or a postoperative cast is added, and decreases the likelihood of bending and rotation of the fusion 
mass with further growth. Hemiepiphysiodesis is a useful procedure if performed in a young patient, 
preferably younger than 6 years, with mild-te>-moderate curvatures (less than 30 to 40 degrees). 
However, even when convex fusion includes the involved segments of the curvature and not just the 
apical segments, correction of the deformity with growth ill unpredictable. The early improvement 
may deteriorate with the adolescent growth spurt. 

Excision of the hemivertebra can achieve a more reliable and greater degree of correction, as 
well as improvement in coronal balance. The optimal age range for bemivertebra excision is 3 to 
10 years, after the growth potential of the hemivertebra has been demonstrated and before com
pensatory curves become structural. In older patients, a resection is still feasible even after the 
compensatory curves become less flexible, but the corrective surgery may require including these 
compensatory deformities in a more extensive fusion with instnunentation. 

Hemivertebra excillion is most optimally carried out at the thoracolumbar, lumbar, and lumbosa
cral area. Patients with bemivertebrae associated with minor curvatures (20 to 30 degrees) above the 
lumbosacral joint, without docw:nentation of progression, should not be considered candidates for 
this procedure. Hemivertebra excision in the cervical spine poses a greatez degree of difficulty and 
complexity and should only be performed by experienced spine surgeoD11. In the thOI'lK:ic spine, rib 
resection is required and haB higher risks to the spinal cord. 

PREOPERATIVE PREPARATION 

A routine history and physical examination should be obtained, as would normally be done for 
any patient with spinal deformity. A careful examination of the spine for evidence of a hairy patch. 
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skin discoloration, or a sacral dimple or sinus is important. Evidence of pelvic obliquity, leg-length 
inequality, trunk decompensation, or neurologic dysfunction should be noted. Routine standing 
anteroposterior (.AP) and lateral radiographs of the spine from occiput to sacrum are necessary on 
all patients. At the lumbosacral junction, Ferguson views (an AP view of the LS-Sl interspace, 
performed by tilting the beam of the x-ray machine about 30 degrees cephalad) are often needed 
to better visualize the bony anatomy. Bending films are important to determine flexibility of the 
compensatory curvatures proximally and distally. Widening of the interpedicular distance is sug
gestive of intrinsic spinal cord abnormalities such as diastematomyelia. Routine myelography or 
computed tomography (CT) scanning is not carried out; however, cr scanning with coronal recon
structions may be useful for better defining the bony abnormalities. However, magnetic resonance 
imaging (MRI) evaluation of the cervical, thoracic, and lumbar spine should be done in patients 
who have abnormal neurologic findings, in patients being prepared for operative intervention, and in 
patients with demonstrated widening of the interpedicular distance on routine radiographs. The MRI 
is important in order to rule out intracanal abnormalities such as a tethered cord, syringomyelia, 
diastematomyelia., or diplomyelia, or Amold-Cbiari malformation, any of which may be present in 
10% to SO% of patients with congenital scoliosis (3). It is also useful in the MRI study to obtain a 
coronal view in the region of interest to delineate exactly where the segmentation has occurred and 
whether a bar exists on the contralateral side. Finally, as with other patients who have a congenital 
spine deformity, genitourinary abnormalities are not uncommon. Patients should be evaluated with 
ultrasonography or intravenous pyelography to rule out pathology. Cardiac abnormalities, although 
less common, may be associated as well, and any patient with a heart murmur should have an echo
cardiogram and/or a cardiology consultation. 

TECHNIQUE 

Hemivertebra resection can be performed via a posterior-only approach or a combined anterior and 
posterior approach. The posterior approach is increasingly commonly performed and is described 
below. The more traditional combined approach is recommended for the younger child with open 
growth plates, vertebra too small for posterior instrumentation, or a more tenuous spinal cord that 
may not tolerate even the gentle retraction that can occur with a posterior-only approach. We find 
that complete removal of the anterior cartilaginous growth plates is best performed by the combined 
anterior and posterior approach as described (2). 

For combined anterior and posterior resection of the hemivertebra, the patient should be positioned 
first for the anterior resection. The patient is brought to the operating room and prepped in a routine 
manner. After the induction of anesthesia, a Foley catheter is inserted, and the patient is placed in the 
lateral decubitus position with the convex side up. A roll may be placed under the patient at the level of 
the deformity to facilitate the approach (Fig. 15-1 ). The table is flexed to open up the level and facili
tate exposure. For lumbosacral excision, the patient should be prepped and draped down to the pubis. 

It is advisable to prep and drape from the anterior midline to the posterior midline. A stan
dard retroperitoneal thoracoabdominal or thoracic approach is used, depending on the level of the 
hemivertebra. Lumbosacral lesions may be approached through a retroperitoneal incision (Fig. 15-2), 
whereas hemivertebra lying at the thoracolumbar junction down to L2-L3 should be approached 

FIGURE 15-1 
A patient positioned in the lateral decubitus position with a roll under his waist at the level of his 
lumbosacral hemivertebra. 



15 Hemivertebrae Excision 

FIGURE 15-2 
Retroperitoneal flank incision on the 
patient's right side. 

through a thoracoabdominal approach, with removal of the 1Oth or lld:J. rib. In d:J.e thoracic spine, the 
rib removed is the one lying one or two levels above the hemivertebra to be excised. 

After rib removal, it may be possible to stay extrapleural with the approach by carefully and bluntly 
dissecting off d:J.e pleura from the chest wall and vertebral bodies. A pediatric-sized chest retractor is 
used to retract the chest or abdominal wall. Once the vertebral bodies are identified (Fig. 15-3). the 

Sympathetic trunk ganglion 

Segmental vessels 

FIGURE 15-3 
The segmental vessels before ligation. The inferior vena cava and the common iliac veins are seen, 
and the intervertebral discs and vertebral bodies are palpable. 
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pleura is inc.ised, and the segmental vessels above and below the level of the excision are carefully 
identified and then clipped with vascular clips or tied and divided. It is useful at this stage to take a 
radiograph with metal markers in both the proximal and distal disc spaces to bettet delineate the level 
and margins of the hemivertebra (Fig. 15-4). 

The dissection of the pleura off the spine is then continued extraperiosteally to avoid exces
sive bleeding. Dissection must proceed around to the opposite side to allow adequate exposure and 
prevent damage to the arterial or venous circulation. 

Excision of the hemivertebra begins with excision of the disc on each side of the hemivertebral 
body. The disc is first incised (Fig. 15-5) with a scalpel along with the anterior longitudinal ligament 
and then removed with a combination of curettes and rongeurs. The disc should be excised carefully 
across the vertebral interspace to the opposite concave side, with removal of the annulus and nucleus 
back to the posterior longitudinal ligament, along with the cartilaginous growth plates. It is desirable 
to leave a small portion of the annular fibers on the concave side to act as a tether, preventing transla
tion during the second-stage posterior procedure. After the disc has been totally removed back to the 
posterior longitudinal ligament, the vertebral body is excised with rongeurs and curettes (Fig. IS-6). 
This bone is saved for later use in bone grafting. 

If the surgeon is operating in the thoracic spine, the head of the no that is articulating with the hemi
vertebra and interspace is removed to facilitate exposure as well as eventual closure of 1he space once 
the vertebra has been excised. It must be stressed that the disc should be removed all the way back to the 
posrerior longitudinal ligament. The outer disc fibers are quite fibrotic and cartilaginous, particularly 
posterolaterally, and during tile process of deformity correction, they may retropulse into tile spinal 
canal if the cartilaginous rim is not completely removed. It is also desirable to smooth down or sbave 
the endplates of the vertebrae above and below the hemivertebra once the hemivertclmt is excised, in 
Oider to allow better closure with bone-to-bone contact after 1he posterior procedure (Fig. lS-7). 

FIGURE 15-4 
After segmental vessels have been ligated and divided, the great vessels are swept to the contra
lateral side of the disc space and vertebral body. Metallic markers are placed in the superior and 
inferior disc spaces for radiographic confirmation of the level. 
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Incising 
discs 

Hamivertebra 

FIGURE 15·5 

A sharp scalpel blade 
is used to incise the 
superior most disc. 

H excessive bleeding is encountered from epidural veins, hemostasis is achieved with Gelfoam 
(Pharmacia & Upjohn) soaked in thrombin solution. Topical collagen (Oxycel; Becton, Dickinson 
and Compauy, Franklin Lakes, NJ) is also helpful. It is very important to remove all the cartilage 
from the vertebral body above as well as below to Cl18ure arthrodesis. Partial removal of the pedicle 
is performed with a high-speed bur; the more that can be removed safely during the anterior proce
dure, the easier the completion of the resection will be for the posterior resection (Fig. lS-8). 

Gelfoam is placed loosely over the posterior longitudinal ligament, and then the space between the 
two vertebral bodies crealed by the aci.sion may be filled partially with very finely cutup pieces of the 
excised vertebral body. The space obviously must not be packl:d too tightly with bone because it may 
jeopardize conection, but bone may be placed in the space loosely to facilitate arthrodesis (Fig. 15-9). 

H the deformity is substantial, and if it is unlikely that anatomic correction will be achieved from 
the excision alone, it is desirable to perform a hemiepiphysiodesis at the segments above and below 
the site of hemivertebral excision. In this case, the convex half of the disc of the motion segment 
above is excised with a scalpel and rongeun back to the bony endplate from the anterior ligament 
back to the posterior ligament, and the space is packed loosely with residual bone from the bemiver
tebra that was removed. By performing an epiphysiodesis in this manner above and below the site 
of vertebral acision, with eventual arthrodesis, a tethering effect is created, allowing improvement 
of the deformity with continued growth. 

H in the thoracic spine, the pleura overlying the vertebral bodies is then closed with a running 
2-0 absorbable suture, and the chest tube is placed in position through a stab incision and put to 
underwater seal suction. The chest is closed in a routine manner. If only a retroperitoneal approach 
has been 118ed, no drain ill necessary. The skin is closed c091Iletically with a subcuticular 3-0 stitch. 

The patient is then positioned for the posterior approach. This may be facilitated by transferring 
the patient to an additional operating table on which a four-poster frame has already been applied. If 
the patient ill small, however, it ill very easy to twn the patient in the prone position and slide a four
postec frame or rolls under the patient (Fig. 15-10). It is important to adequately pad the chest and 
the iliac crest bilaterally and allow ample space for the abdomen to hang free, to prevent increased 
venous pre&!fW"e. We prefer to perform both stages of the lfW"gery under one anesthetic. We have seen 
no complications from thiJI protocol, and in fact, the morbidity is decreased with hospitalization 
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FIGURE 15·8 
Curettes and rongeurs 
are used to remove the 
superior most disc. 
Note visualization of 
the inferior disc space 
as it intersects with 
the superior disc. 

FIGURE 15-7 
Because the hemi
vertebra is partially 
incarcerated, a 
curved osteotome 
is used to even the 
resection so as to 
leave a triangular 
defect that can be 
smoothly closed 
down. 

Osteotome evens 
resection 

PART II Thoracolwnbar Spine 



15 Hemivertebrae Excision 

FIGURE 15-8 
The resected area has been 
smoothed out to form an isosceles 
tri angIe. After adequate resection 
of the contralateral annulus has 
been performed, partial removal of 
the pedicle is performed with the 
high-speed bur. 

time shortened and the overall coat is substantially less. The i.natroment trays are kept sterile during 
the repositioning process, and the patient is reptepped and draped in a routine maDDer. A routine 
m.i.dliDe exposwe overlying the hemivertebra is then canied out, and after subperiosteal exposure, a 
radiograph is taken to determine the proper level. 

Once the level has been adequately identified and complete exposure posteriorly obtained, the 
hemivertebra (laminae) is excised with a variety of rongeUIS and curette&. Removal of the posterior 
arch is greatly enhanced by removing most of the pedicle during the anterior procedwe. If during 
the anterior procedure the pedicle has not been drilled down flush to the nerve root. the removal is a 
bit more difficult from the posterior approach. Once the laminae, facets, and transverse process have 

Gelfoam over 
posterior longitudinal 
ligament 

FIGURE 15-8 
The area of the resection is 
loosely filled with fragments 
of resected bone. 
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FIGURE 15-10 
The patient is prone on 
a roll with the abdomen 
free. 
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been completely removed. the laminae above and below are decorticated carefully with a high-speed 
burr, and local bone graft is laid over the posterior elementll one level above and one level below the 
excised laminae. If a hemiepiphysiodeais has been performed anteriorly, more than one additional 
level above and below the excised segment. then the posterior fusion should be added to the convex 
side over these additional segments. If a thoracotomy has been performed, sufficient bone usually 
exists for the fusion from the rib. If the procedure has been performed in the retroperitoneum. only, 
as in the case of a lumbar hemivertebra, it may be necessary to expose the iliac crest and to obtain 
iliac crest bone or to use allograft bone. 

If the patient has sufficient bone stock, it may be possi"ble to use a short compression rod on the 
convex side to correct the deformity and provide adequate fixation. A compression implant on the 
convex side prevents the slight tendency toward kyphosis that often occurs with hemivertebra exci
sion. In these cases, we have found that the pediatric lumbar hooks or the smallest 4. 7S-mm. pedicle 
screws with the pediatric rod are adequate for compressing the two vertebrae together. The proce
dure may be performed with motor evolred potentials or somatosensory evolred potentials per the 
surgeon's preference. A wake-up test can be performed if desired or if neurophysiologic monitoring 
is not reliable. 

If the patient's bone stock. is not adequate to secure an implant, the wound is closed. and after a 
dressing is applied, the patient is placed on a pediatric spica frame. Anesthesia is maintained, and 
a plaster body spica cast that includes both legs from the ankles to the upper chest is applied. The 
cast is placed with the patient bent toward the convexity to maximize correction. Slight overeor
rection is desired. A radiograph is taken with the patient under anesthesia to ensure closure of the 
wedge and adequate correction of coronal deformity. It is very important during the application of 
the plaster to be certain that the patient's spine does not drift into kyphosis; this is a normal tendency 
after hemi.vertebra excision. This can be avoided by maintaining posterior pressure over the apex 
of the deformity while the plaster is drying. A wake-up test is again performed, and/or monitoring 
continued, and prior to extubation radiographs obtained. 

If correction is not thought to be sufficient, the cast can be wedged. and additional conection can 
be obtained. It is very important to pad the cast adequately, particularly over the iliac crest and the 
area of the deformity, to prevent skin ulceration from excessive pressure. 

Posterior-based resections are increasingly performed and may be utilized if the surgeon has 
experience with this approach and the neurologic risk is acceptable. The patient is positioned prone 
on a four-poster frame or, for smaller patients, on chest rolls as described above. The exposure and 
radiographic confirmation is similarly performed. The intended instrumentation above and below 
the resection should be inserted prior to commencing the resection. This may be supra- and sublami
nar hooks placed in a compression construct, but if the size of the anatomy permits, pedicle screws 
above and below are preferred. A laminectomy of the hemi.vertebra is performed, along with removal 
of the posterior elements including facet joints and transverse proce8s. If in the thoracic spine, the rib 
heads must be removed. The anterior resection is performed from the posterior approach, working 
through the unilateral pedicle and around laterally as one would for a vertebral column resection. 
The discs above and below the hemivertebra are incised and removed, with curettes and pituitary 
rongeurs, as part of the resection. The hemivertebra should be decancellated completely, using a 
high-speed burr as well as curettes. Then, the endplates above and below are removed and the lat
eral vertebral body walls resected, usually with a small rongeur. The posterior wall of the vertebral 
body should be preserved until the final portion of the resection. A temporary rod should be placed 
before removal of the posterior wall, or the spine will collapse before the surgeon has completed the 
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resection and be unstable, with potential translation of the spinal segments and neurologic injury. As 
with a combined anteroposterior approach, the endplates above and below should be evened out so 
they can collapse into bone on bone contact. When the resection is near complete and the posterior 
vertebral body wall is thin enough, a reverse curette can be used against it to implode this downward 
into the resected area. The thecal sac can be gently retracted to check the adequacy of resection and 
the posterior body wall palpated, to identify areas where it has not collapsed. Small fragments of the 
resected vertebra can be placed in the defect for fusion. Once the surgeon is satisfied with the resec
tion, the temporary rod can be removed, or alternatively, one end of the construct can be released 
and compression applied to it to correct the angular deformity that had been caused by the hemiver
tebra. Radiographs should be obtained in AP and lateral views to assess the correction of the focal 
deformity, of the compensatory curves, of the sagittal alignment, and of the overall truncal balance. 
The instrumentation and therefore the correction can be adjusted if needed, usually requiring more 
compression on the side from which the hemivertebra has been resected. 

The fusion levels are decorticated with a high-speed burr and/or gouge and resected bone placed 
over the fusion bed. Wound is closed routinely. Most children undergoing hemivertebra resection 
have smaller bones, and so supplemental external fixation using a brace or cast may be desirable for 
up to 6 months, depending upon the age and size of the patient. 

Hemivertebra resection has reliably greater correction than fusion alone or hemiepiphysiodesis 
(15), although with a resultant higher complication rate (6). Not surprisingly, this study also found 
that more experienced centers performing hemivertebra resections have lower complication rates 
than those that perform fewer of these procedures. Posteriorly-based hemivertebra resections can 
have similar outcomes (10,11,12,16). It has been reported that posterior-only hemivertebra resec
tions have lower blood loss, complication rates, and hospital stays than combined surgery (9). How
ever, the significantly longer follow-up period for the combined surgery patients suggests that the 
surgeons were more experienced during the period of posterior-only surgery and does not account 
for differences in anesthetic and perioperative management during the time frames compared. 

PEARLS AND PITFALLS 

1. Overcorrection is preferred to undercorrection. Surgeons tend to judge the amount of correction 
achieved overly optimistically. However, if the hemivertebra resection is done at an older age 
where there is not full flexibility of the compensatory curves, undercorrection should be per
formed to maintain coronal balance. 

2. It is not unusual for patients with lumbosacral hemivertebra to have some pelvic asymmetry 
as well. This asymmetry should be taken into account when planning the amount of correction 
needed. However, the correction should be planned so that the spine is perpendicular to the 
floor when corrected, not perpendicular to the pelvis if the pelvis is not horiwntal to the floor. 
Asymmetric growth of an already asymmetric pelvis or lower extremities may affect the coronal 
balance over time; however, this is less likely to be significant if the spine is coronally balanced 
after fusion. 

3. Beware the development of kyphosis in the uninstrumented case. Casting should be performed in 
uninstrumented cases with the spine held in lordosis for the lumbar and lumbosacral hemiverte
bra. When these patients are converted to a brace, maximum lordosis should be applied as well. 

4. Although resection of an isolated hemivertebra is more likely to be definitive spinal surgery than 
fusion for congenital bars or other more complex congenital scoliosis conditions, the patients 
should still be followed through skeletal maturity to assess for other abnormal or asymmetric 
growth in the spine. 

POSTOPERATIVE MANAGEMENT 

The patient is maintained in a double spica cast with the abdomen and chest, as well as perineal area, 
cut out to allow for proper nutrition and hygiene. The chest tube for thoracic cases can generally be 
removed in 48 hours and the patient discharged in approximately 5 to 7 days. If internal fixation has 
not been used, the patient is kept at bed rest for 3 to 4 months, being allowed only to semirecline in 
a wheelchair or chaise lounge during this period. A local patient is seen in 6 to 8 weeks for repeat 
radiographs and inspection of the cast for any pressure sores. If a return visit at this time is not pos
sible, radiographs are sent to the surgeon from the patient's hospital for evaluation to ensure there 
has been maintenance of correction. At the 4-month visit, the patient's cast is removed, radiographs 
are obtained to ascertain the status of the fusion, and a brace is fabricated, as a body jacket without 
leg extension, to be worn for an additional 2 to 4 months. If the fusion appears solid at that time, 
progressive activities can be undertaken. The patient should avoid competitive sports for at least 
8 months after surgery. 
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If internal fixation has been used, then the patient is fitted for a brace shortly after operation. 
The postoperative activity level permitted should be directly related to the security of fixation. As 
a general rule, even with internal fixation, we prefer to keep the patient sedentary for 2 to 4 months 
after surgery in order to ensure solid fusion. 

The magnitude of correction is directly related to the level of the deformity and the age of the 
patient. In general, deformity secondary to a lumbar hemivertebra can be corrected up to 70% to 
80%. Certainly 100% is possible. In the thoracic spine, however, we have not found the correction 
to be as good, although substantial improvement is nonetheless possible. The advantages of the pro
cedure include the fact that correction is obtained over a short segment. Hence, a greater degree of 
spine flexibility is maintained after this procedure than is possible with standard spinal fusions over 
multiple segments. It is important to stress to the patient's family, however, that although correction 
is substantial, it is nonetheless essential to continue monitoring the patient through skeletal maturity, 
because progression above or below the area of hemivertebra excision is still possible during the 
stage of active growth. Additional surgery may therefore be necessary in select patients who demon
strate the progression of compensatory curves after hemivertebra excision. 

COMPLICATIONS 

Complications inherent in hemivertebra excision are similar to those expected with any spinal pro
cedure. Theoretically, there may be a greater risk of neurologic injury as a result of excision. That 
has not been our experience, however. In fact, transient root injuries have occurred only rarely 
(7,14), whereas several other series have reported no neurologic deficits (1,4,5,8). 

Incomplete correction secondary to inadequate excision or loss of correction may occur and 
hence is more likely to lead to progressive deformity with growth. Compulsory follow-up with 
repeat radiographs is therefore essential in order to identify this condition. Should it occur, addi
tional surgery with extension of the fusion and instrumentation may be the treatment of choice. 

Pseudoarthrosis may occur after this procedure and is more likely to occur in patients who do 
not undergo instrumentation. However, adequate cast correction, restricted activities, and continued 
immobilization until the fusion is solid should prevent this complication. 

Junctional kyphosis at the site of hemivertebra excision may occur as the spine drifts into slight 
sagittal deformity. This may be prevented by internal fixation or postoperative casting in an exten
sion mode to counteract the kyphotic tendency. It is also less likely to occur when the fusion extends 
posteriorly on the convex side two segments above and two segments below the hemivertebra exci
sion. Finally, it is important to remember that these patients often have multiple congenital anoma
lies, particularly intrinsic spinal cord pathology. Adequate evaluation with MRI studies of the spine 
confirms or rules out intrinsic cord pathology, which if present should be addressed and treated 
before hemivertebra excision. 
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Anterior 
Thoracolumbar 
Carpectomy and 
S taDilization 

Thomas A. Zdeblick 

INDICATIONS/CONTRAINDICATIONS 

Anterior thoracolumbar corpectomy and stabilization is most often indicated for the treatment of 
trauma or spinal tumors (1-4,6,11 ). Less frequently, it may be indicated for pseudoarlbrosis, chronic 
instability, disc herniation, or disc degeneration. In rare instances, corpectomy may abo be used for 
the treatment of severe scoliotic spinal deformity; however, this is addressed in a separate chapter. 

With trauma, the most common indication is burst fracture with neurologic deficit. Thoraco
lumbar burst fractures with marked comminution or fractures of both endplates may also be suit
able for anterior stabilization (4). Patients with burst fracture malunions and a kyphotic angle 
exceeding 25 degrees, those with persistent pain. and those with neurologic worsening are also 
suitable fm this procedure. Contraindications in trauma include fracture dislocations or multilevel 
involvement. 

Both metastatic and primary spinal tumors may be treated anterimly. For metastatic disease, the 
indication for anterior treatment is one- or tw~level vertebral body involver:ru:nt with pathologic 
fracture and bone and/or tumor retropulsion that causes canal com:promise. Typically, these cases 
involve neurologic deficit. Obviously, factors such as patient age. concomitant disease, bone quality. 
and tumor type affect a surgeon's decision to perform corpectomy. Primary tumors are amenable to 
en bloc excision if they are contained within the vertebral body. En bloc carpectomy is outlined at 
the conclusion of this chapter. 

PREOPERATIVE PREPARATION 

Preoperative review of the computed tomography (CT) scan or magnetic resonance imaging (MRI) 
scan or both is helpful (Figs. 16-1 to 16-4). Unless the pathology is unilatmll, I prefer the approach 
from the left side. This obviates the need to rettact the liver. However, the position of the aorta should 
be visualized on the Cf and/or MRI scan. On occasion, the aorta is in a far left-sided position. In 
these cases, a right-sided approach is preferable. In addition, should anterior stabilization be contem
plated, preoperative measurements of the screw or bolt lengths can be obtained from the CT scan. 
By measuring the width of the vertebral bodies above and below the fractured vertebra on the CT 
scan template, the surgeon can accurately choose screw length in order to obtain bicortical purchase. 

The patient is positioned in the lateral decubitus position (flg. 16-S). The hips and knees are flexed 
on the ipsilateral side to relax the psoas muscle. The surgeon should ensure that a true lateral position 
is obtained. Multiple pillows between the patient's arms or a suspended arm holder for the ipsilateral 
arm helps maintain the lateral position. I typically utilize gel padding and a beanbag with suction 
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FIGURE 16·1 
AP radiograph of an L 1 burst fracture. 
The widening of the pedicles in the lateral 
deformity is visible in this asymmetric fracture. 

PART II Thoracolumbar Spine 

and wide adhesive tape to maintain position. An axillary roll should be placed just superior to the 
beanbag. The operative incision can then be marked carefully before the patient is draped. The gibbus 
deformity and the ribs should be palpated to plan the incision. I generally plan to use the rib two levels 
above the involved vertebra. However, an anteroposterior (AP) radiograph or fluoroscopy can be used 
to confirm this. 'JYpically, fo.r an Ll burst fracture, the bed of the eleventh rib is used for access. 

TECHNIQUE 

An oblique skin incision 4 to 6 inches long is made along the 11th rib (if there is an L1 fracture). 
This usually extends proximally to the proximal angle of the rib and distally to the tip of the rib. 
Dissection with cautery is carried out to isolate the eleventh rib. Care should be taken on the inferior 

FIGURE 16-2 
Lateral radiograph of an L 1 burst fracture. 
Marked kyphosis, loss of height, and 
posterior retropulsion of bone are present. 
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A 

FIGURE 16·5 

FIGURE 16-3 
Sagittal CT scan reconstruction of an l1 
burst fracture. The marked comminution of 
the superior endplate and the severe retro
pulsion of the "culprit" fragment into the 
spinal canal are apparent. 

FIGURE 18·4 
Axial CT scan of a severe l1 burst frac
ture; again, the marked comminution of 
the endplate and the severe retropulsion 
of the fragment are apparent. The patient 
had presented with nearly complete motor 
paralysis below the l1 level. 

B 
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A: Intraoperative photograph showing the positioning in the operating room. The patient is in the lateral decubitus position, and 
in this photograph, the head is to the right and the feet are to the left. An axillary roll has been placed, and the arms are well 
padded in front of the patient. An oblique incision is marked out along the bed of the eleventh rib. B: Photograph showing intra
operative exposure of the lateral aspects of T12, l1. and l2. The diaphragm has been divided near its periphery, and the psoas 
muscle has been retracted in an anterior-to-posterior direction. The vertebral bodies are exposed anteriorly to the midline and 
posteriorly back to the lateral aspect of the pedicle. In this photograph, the patient's head is to the right, and the feet are to the 
left. The stay sutures within the divided diaphragm can be seen at the upper right. The anterior aspect of the vertebral body is at 
the bottom of the photograph. 
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FIGURE 16-5 (Continulld} 
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C: The carpectomy is performed by first incising the disc spaces above and below the fracture 
vertebrae. These discs are then removed by using a combination of elevators, curettes, and rongeurs. 
The carpectomy is performed first with rongeurs and then with a high-speed bur. The final posterior 
fragments are then removed with a curette. The dura is then seen bulging into the decompression 
trough. The surgeon needs to ensure that the decompression has been completed across the width 
of the spinal canal. The dura is visible within the carpectomy defect at the superior aspect of the 
photograph. 

border of the rib to avoid the underlying neurovascular bundle. It is then subpe.riosteally exposed 
and divided at its proximal angle. Distally, it is divided near its cartilaginous juncture. The surgeon 
then enters the pleural cavity by sha~ply dividing the pleura along the bed of the rib. The superior 
surface of the diaphragm is easily visualized. Blunt dissection can be canied out near the cartilagi
nous distal tip of the 11th rib. With blunt dissection, the retroperitoneal space is entered just beneath 
the diaphragm. This plane can then be developed bluntly with sponge sticks. Once both superior and 
inferior surfaces of the diaphragm are well visualized, the diaphragm should be marked with cautery 
at points approximately 2 em from its periphery, along the chest wall. I then divide the diaphragm 
with cautery along this line and between multiple stay sutures. As the division proceeds medially, 
the crus of the diaphragm is encountered and is divided from its spinal origin using cautery. The sur
geon should then be able to place self-retaining rib retractors, and visualization of the lateral aspects 
of the Tl2, Ll, and L2 vertebral bodies is possible. 

Alternatively, only the posterior 4 to 6 em of the diaphragm can be divided and the remaining 
diaphragm retracted. Care needs to be taken to place a suture at the apex of the diaphragmatic 
division to prevent propagation. 

At this point, a radiograph is obtained with spinal needles placed in the disc space above and 
below the suspected pathology. Often, this pathology is obvious secondary to hematoma or defor
mity. After radiographic confirmation, the pleura overlying the vertebral bodies of Tll to Ll is 
divided vertically, and the segmental vessels overlying Tll, T12, and L1 are isolated. I prefer to 
isolate these vessels by using cautery to incise in a parallel mannec above and below the segmental 
vessels down to bone. A fine right-angled clamp is then passed beneath each segmental vessel, and 
each vessel is ligated. 'IYPically,ligation is performed wid:J. silk ties, metallic clips, or both. Each of 
the segmentals overlying each of the three vertebral bodies is then divided. It is important to ligate 
these vessels in the midportion of the vertebral bodies. This allows the intersegmental anastomoses, 
which are present posteriorly and provide blood flow to the spinal cord, to remain intact. 

Once the segmental vessels are divided, subperiosteal dissection is carried out along the lateral 
aspects of the vertebral body above and below the pathology. It is important to make sure that the 
vertebral body is exposed to the anterior midline. The anterior longitudinal ligament can be lifted off 
the vertebral body using a sharp elevator and cautery. Bleeding pointll from the vertebral body itself 
can be conttolled with bone wax. Posteriorly, the lateral aspect of the vertebral body needs to be 
exposed to the lateral aspect of the pedicle. At this point, the foramen should be palpable with a Pen
field elevator. Proximal to Tll, this exposure may require resection of the rib head overlying the disc 
space. At L1 and below, it requires retraction of the psoas muscle in an anterior-to-posterior direc
tion. With Ll fractures, this is not usually difficult However, with fractures in the mid.lumbar spine, 
retraction of the psoas muscle can become quite difficult. It is important to begin at the anterior 
margin of the psoas muscle and work along the vertebral body, retracting this muscle posteriorly. 
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This method protects the nerve roots, which run within the psoas muscle. In rare cases, a portion of 
the anterior psoas muscle may be divided using cautery if visualization is inadequate. However, this 
must be done carefully to protect the nerve roots within. 

Exposure of the involved vertebra is performed after exposure of the vertebral bodies above and 
below is complete. Once again, the midline should be exposed anteriorly, and exposure should 
continue posteriorly to the vertebral foramen. In cases of tumor involvement, this may be difficult 
because of the weakening of the surrounding bone. However, orientation to the foramen helps the 
surgeon locate the spinal canal. In difficult cases, it may be advantageous to find the lateral aspect of 
the pedicle of the involved vertebra and remove this with a Kerrison punch. This allows the surgeon 
to visualize the exiting nerve root and more easily locate the dural sac. 

Once exposure is complete, the discs are removed above and below the pathology. This is done by 
incising the lateral annulus with a no. 10 blade all the way to the anterior midline. A fine sharp Cobb 
elevator can then be passed between the endplate and the disc to separate disc from the intact end
plate. This maneuver is more difficult along the fractured endplate. The disc can then be removed by 
using a combination of curettes and pituitary rongeurs. Typically, the contralateral disc annulus is left 
intact In cases of chronic kyphotic deformity, the entire anterior and contralateral annulus, as well 
as the anterior longitudinal ligament, needs to be incised with a no. 10 blade to release the deformity. 

Once the discectomies are complete, the carpectomy is begun. I typically use a large rongeur to 
begin removing the vertebral body that is fractured. This is done in a piecemeal manner, and the 
fracture fragments are saved for later use as bone graft. A trough in the central and anterior portion 
of the vertebral body is created by removing these bone fragments. This trough is deepened down to 
the contralateral cortex of the vertebral body. The depth of this trough across the vertebral body can 
be estimated from the preoperative CT scan. The trough is complete when only a thin shell of bone 
anteriorly and on the contralateral side is remaining. At this point, only the posterior retropulsed 
fracture fragments and the attached disc annulus remain. As the posterior cortex is approached, 
bleeding from the basivertebral sinus is often seen. 

The decompression of the spinal canal is performed by removing the retropulsed fracture frag
ments. This can be done by first thinning these fragments with a high-speed burr; I prefer a 5-mm 
ball-tipped burr. Then, a fine, sharp, long curette is used to peel the fragment away from the dura and 
into the created trough. This gives the surgeon a landing area in which to peel the retropulsed frag
ment. Care must be taken to protect the aorta at this step. The fragments are sequentially removed 
from the spinal canal using a combination of curettes and pituitary rongeurs (Fig. 16-6). There typi
cally is a great deal of epidural bleeding at this step, and the surgeon must work rapidly and control 
bleeding by using thrombin-soaked sponges. Typically, the posterior longitudinal ligament is torn, and 
the decompression continues to the dura. The most difficult portion is where the retropulsed fragment 
remains attached to the posterior annulus of the superior disc. These attachments are tenacious, and 
sharp dissection is necessary to divide the annular attachments. It is advisable to remove the posterior 
cortical fragments from the contralateral (deep) side of the spinal canal first. This way, as the dura 
bulges into the decompression trough, it will not obscure the remainder of the retropulsed fragments. 

The decompression is adequate when the dura can be seen bulging into the carpectomy trough 
across the entire width of the spinal canal. The surgeon can check this by palpating the pedicle 
on the opposite side from within the spinal canal. This is done with a fine no. 4 Penfield elevator. 
Finally, the intact endplates are prepared. This is performed first with a curette, all endplate cartilage 
being removed from the inferior endplate of T12 and the superior endplate of L2. A burr is then 
used to lightly decorticate these endplates but not to remove them or puncture them. Ideally, the 
endplates should be prepared so that they are fiat. The surgeon is then ready to perform the reduc
tion and stabilization maneuvers. Alternatively, with some fixation systems, fixation bolts may be 
applied first, before reduction. 

Kyphosis is reduced manually. The prime reduction maneuver is to manually push on the apex of 
the kyphosis overlying the spinous processes. The surgeon's assistant can use a fist for this maneuver. 
Concomitantly, a vertebral body distracter can be placed between the vertebral endplates of T12 and 
L2. This should be done anteriorly near the midline. This combination of maneuvers should reduce the 
kyphosis until the endplates ofT12 and L2 are parallel (Fig. 16-7). A distractorplaced against the bolt 
heads, if present, can be used to hold the reduction. Alternatively, an expandable cage may be utilized 
to assist in reduction. At that point, a caliper is used to measure the distance between the endplates. 
A bone strut or cage can now be prepared to the exact length. 'JYpically, the bone strut is filled with 
cancellous bone, which has been harvested from the broken vertebra and the rib. My preference is to 
use allograft humerus or femur, although titanium mesh, carbon fiber, or PEEK cages have also been 
used successfully. The strut is impacted with a bone tamp. Care should be taken to control tilting during 
insertion and to place the strut as far as possible across the vertebral column. Once the cage or strut is fit 
in place, the distracter can be removed, and the reduction is then held in place by the strut (Fig. 16-8). 

The stabilization of the vertebral body above and below depends on the exact instrumentation system 
used. Most stabilization systems involve either a bolt-and-plate combination or bolt-and-dual-rod 
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FIGURE 16-6 
A: Drawing showing the corpectomy. A curette is used to remove the final culprit fragment from within the spinal canal. 
The vertebral end plates are then lightly prepared with a high-speed bur into flat parallel surfaces. B: Once the corpectomy 
is complete. fixation can be initiated. I prefer to use a plate-and-bolt system (Z-plate). However, other anterolateral fixa
tion systems are available. A surgeon should consult specific technique manuals for specific instrumentation systems. Bolt 
placement is performed first. I prefer a starting point for the bolts that is posterior and near the endplate furthest from the 
carpectomy site. This bolt is angled from 0 to 10 degrees away from the spinal canal. The bolt should engage both cortices. 
Bolt lengths can be obtained preoperatively from the computed tomography scan. 
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FIGURE 16·7 
Once the bolts are in 
place, reduction of 
the fracture can be 
performed. This is done 
predominately by the 
surgeon's assistant, who 
places manual pressure 
over the apex of the 
kyphosis posteriorly. 
In addition, a vertebral 
body distractor can 
be placed along the 
end plates anteriorly 
near the midline. 
This combination of 
maneuvers can reduce 
the fracture in terms 
of both height and 
kyphosis. 

FIGURE 18·8 
(Continued) 
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C: Drawing 
demonstrating the 
appropriate position of 
the posterior bolt. 
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FIGURE 16-8 
Once the reduction is complete. it is maintained by placement of bone graft. I prefer humerus or 
femur allograft. This is cut to length, and the edges are smoothed with a bur. The site may be filled 
with bone that has been removed from the carpectomy site or from the rib. While the reduction is 
maintained, this graft is impacted into place. Maintenance of reduction can be performed with a 
distraction device placed along the bolts. This photograph shows the spine reduced and with an 
allograft strut in place. Care should be taken so that the dura can be visualized to ensure that no 
dural compression has been caused by the bone graft. 

combination. Single-rod systems have not been stable enough to use with thoracolumbar fractures. 
Before bolt placement, the lateral aspects of the vertebral body of T12 and L2 should be smoothed 
("gardened") so that the plate fits snugly along the lateral aspect of the vertebral bodies. 'Ibis requires 
removal of the lateral endplates near the strut graft. as well as the creation of a trough above and 
below the bolts, near the intact disc annulus above and below. This is to create room for the plate. 
The bolts are then placed across the vertebral body. It is imperative that the patient remain in the 
lateral position so that the surgeon is oriented with regard to the vertebral body. The posterior bolt 
should be placed directly perpendicular to the floor to avoid penetrating the spinal canal. I prefer 
a screw pattern with the superior bolt placed superiorly and anteriorly and the inferior bolt placed 
inferior and posteriorly. 'JYpically, the anterior screw is placed at a IS-degree angle posteriorly 
toward the posterior bolt. My preference is to obtain bicortical purchase with these bolts or screws. 

The plate or dual-rod fixation devices can now be attached and mild compression applied prior to 
final tightening (Figs. 16-9 to 16-14). AP and lateral radiographs are taken intraoperatively to ensure 
graft placement and plate placement. Ideally, the AP radiograph should show the graft in the midline 
or even near the conttalateral pedicle. This helps prevent angular settling postoperatively. 

Graft insertion 

FIGURE 16·9 
The plate may be placed and secured in place. Locking nuts are placed over the bolts to initially 
lock the plate in place. 
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FIGURE 18·10 
The graft may be compressed by use of the single-handed compression device. Once the graft is 
compressed, final tightening of the locking nuts is performed. 

Once films are complete, the surgeon should ensure that there are no prominent areas that might 
affect local vascular structures. The wound is then closed over a chest tube placed in the chest cavity. 
The diaphragm is repaired first, usually with a running suture as well as the interrupted stay sutures. 
I use a resorbable no. 1 suture. Rib-to-rib approximation is then carried out with a large nonreso:rb
able suture, followed by a separate layered closure of the intercostal, serratus, and latissimus muscle 
layers and the skin. Postoperatively, an orthotic brace ia fit after chest tube removal. Ambulation ia 
progressively increased, and the brace is worn for 6 to 8 weeks (Figure 16-lSA-C). 

RESULTS 

Mauy authors have shown that the results of primary anterior decompression and stabilization offer 
benefits in terms of neurologic recovery (1,2,5,7,8,10). Kaneda et al. reported a 95% rate of neuro
logic improvement of at least one Frankel grade (7 ,8). Zdeblick. et al. showed that in patients with an 
incomplete neurologic deficit, 100% had at least one grade of neurologic improvement (5). In this 
series, the rate of complication was low; only 3% of patients required additional posterior instru
mentation, and final radiologic results showed an improvement of mean kyphotic angle from 18 to 
6 degrees. Thus, there do appear to be certain real advantages in the use of the anterior approach for 
the treatment of thoracolumbar burst fractures, particularly in patients with preoperative neurologic 
deficit. 
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FIGURE 16·11 
A: The anterior screws are placed. These are at a 10-degree angle toward the spinal canal, thus forming a triangulation pattern 
between the bolt and the screw. The screw should also engage the opposite cortex. Typically, the screw is 5 mm longer than the 
bolt. B: Final position of the plate and graft in an intraoperative photograph. Gelfoam (Pharmacia & Upjohn) has been placed 
overlying the dura. Additional graft may be placed anterior to the strut graft if space is available. 

COMPLICATIONS 
Inadequate exposure is a common complication. The surgeon must choose the appropriate rib 
level to work through so that he or she works directly on the involved vertebral body. If the 
spine surgoon is not performing the actual approach, he or she should be present during the 
approach to ensure adequate visualization. Inadequate exposure might also lead to placement 
of the fixation devices too anteriorly on the vertebral bodies. 'Ibis could lead to impingement 
of vascular structures. The surgeon must ensure that the complete lateral aspect of the verte
bral body is exposed posteriorly to the neural foramen, allowing lateral placement of fixation 
hardware. 

Inadequate decompression occurs when ret:ropulsed fragments are left within the spinal canal. 
The surgeon can ensure adequate decompression by palpating across the spinal canal to feel the 
medial edge of the contralateral pedicle. The decompression should also extend superiorly to 
the edge of the superior intact endplate and inferiorly to the edge of the inferior intact endplate. 
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FIGURE 18·12 
Postoperative anteroposterior radiograph with plate. 
screws, bolts, and graft. Note the reduction of the 
angular deformity. Note also the bicortical purchase 
of screws and bolts. If possible, the strut graft 
should be placed centrally or to the side opposite 
the plate. 

Intraoperative imaging, including axial tomography, may be helpful in determining adequacy of 
decompression. 

Postoperative instability occurs with .inadequate sttut grafting or poor fixation (10). Strut grafts 
must be substantial in size and have adequate weight-bearing surfaces both superiorly and inferiorly. 
Thin grafts, such aa fibula or rib graftB, are inappropriate for use in thoracolumbar corpectomiea. With 
osteoporotic bone, intraoperative vertebroplasty should be performed before screw or bolt placement. 
This greatly enhances the vertebral body fixation and helps prevent postoperative hardware failure. 

FIGURE 16-13 
Postoperative lateral radiograph with plate and 
graft in place. Note the reduction of the kyphotic 
deformity and return of the spine to a neutral 
position. 
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FIGURE 16·14 
Postoperative computed tomography scan showing 
the decompression of the spinal canal, the central 
placement of the strut graft. and the lateral place
ment of the plate. In order to avoid any potential 
for vascular complications, the plate, bolts, and 
screws must be placed on the lateral, not the 
anterior, aspect of the spinal column. 

En Bloc Corpectomy 

PART II Thoracolumbar Spine 

For cases of primary vertebral body tumor, the best chance at a curative resection is to perform an 
en bloc vertebral body resection. This implies that the entire vertebral body is removed as a single 
sbucture, without violating its periphery. In order to do this, careful preoperative staging and plan
ning must be performed. cr scanning and MRI are advisable to ensure that the tumor is contained 
within the vertebral body m.argins. Usually, the diagnosis will have been made by needle biopsy. 
Tumors most amenable to this type of resection include giant cell tumor, chondrosarcoma, osteosar
coma, and chordoma. 

A posterior spinal approach is performed first. Under fluoroscopic guidance, pedicle screws are 
placed in the pedicles two levels above and below the involved vertebra. A wide laminectomy of 

A B 

FIGURE 18·15 
A: Axial CT image showing burst fracture with significant canal compromise from retropulsed bone. 
B: AP image postoperatively showing fixation with lateral plate/staple/screw construct. 
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FIGURE 16-15 (Contlnusd) 
C: lateral image postoperatively showing 
fixation with lateral plate/staple/screw 
construct postoperatively showing 
fixation with lateral plate/staple/screw 
construct. 

the involved vertebra is then performed in a standard manner. Wule exposure is required so that the 
pediclea at the involved level can be adequately visualized. By gently retracting the dura side to side, 
all epidural vessels anterior to the dura are coagulated using bipolar cauteiy. A no. 15 blade is then 
used to incise the posterior longitudinal ligament and the posterior disc annulus at the levels above 
and below the involved vertebral body. This incision must extend to the midline on either side so that 
a continuous posterior incision of the disc is performed. On the right side, this disc annulus incision 
should extend as far laterally as possible. Facetectomy is usually necessary to expose this lateral 
annulus. Discectomy can then be performed through this lateral transforaminal exposure to remove 
as much of the posterior and right-sided lateral disc material as possible. Care should be taken not 
to violate the involved vertebral endplates. 

The pedicles of the involved vertebral body then need to be resected at their base. 'Ibis can be 
done either with a fine Gigli saw or in a piecemeal m.anner using rongeurs and a high-speed bur. 
Care should be taken to protect the nerve root dwing pedicle resection. The transverse process on 
the right side can also be resected at this time. A fair amount of bleeding occurs during pedicle and 
transverse process resection and is controlled with bipolar cautery and thrombin-soaked sponges. 

Posterior spinal fixation is then completed by placing longitudinal rods between the pedicle 
screws above and below the resection site. A single crosslink is usually placed centrally to insure 
torsional stability. The fixation is tightened, and the posterior wound is then closed in layers. 

The patient is twned to the lateral position, and an extensile left-sided lateral exposure of the spine 
is performed. This exposure proceeds much as has been outlined previously in this chapter. Once 
the segmental vessels have been ligated at the iDvolved level, as well as above and below, dissection 
proceeds anteriorly around the vertebral bodies. Using a combination of Cobb elevators and sponge 
dissectors, the surgeon elevates the segmental vessels off the contralateral aspect of the vertebral 
body. If possible, this vessel should be ligated far on its contralateral side. The disc spaces above and 
below the involved vertebra are then incised with a no. 10 blade laterally and anteriorly. The anterior 
longitudinal ligament is divided, and the contralateral lateral annulus is divided from within the disc 
space. Finally, dissection of the contralateral psoas muscle off the vertebral body is performed with 
sharp elevators. The entire vertebral body can then be rolled away from the spinal canal. Epidural 
adhesions are transected bluntly, and attachments along the epidural posterior longitudinal ligament 
are dissected sharply. In this manner, the vertebral body can be rolled away from the spinal canal 
and removed in its entirety. Strut grafting and plate placement then proceed as previously outlined. 
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Anterior 
Thoracoscopic 
Discectomy 

Thomas A. Zdeblick 

INDICATIONS/CONTRAINDICATIONS 

The primary .indication for anterior thoracoscopic discectomy is disc herniation. The ideal indication 
for discectomy is myelopathy with cord compression caused by a central or lateral soft disc hernia
tion. On occasion, discectomy is indicated for unremitting radi.cW.ar or intercostal neuritic pain. The 
outcomes of diacectomy, or discectomy plus fusion, for back pain alone are leas certain. Hard discs, 
calcified discs, or lateral spurs may also cause myeloradiculopathy and may be amenable to anterior 
decompression (1 ,2,4,9). Other rare indications include d6bridement for disc space infection, verte
bral body biopsy, and, on occasion, interbody fusion performed for pseudoarthrosis or degenerative 
disc disease (5,6). For conditions that necessitate co.rpectomy, I now perform a minithoracotomy 
with thoracoscopic assistance. 

An absolute contraindication to thoracoscopic discectomy is the inability to tolerate single-lung 
ventilation (7). This may be present in older patients with interstitial lung disease or chronic obstruc
tive pulmonary disease. Relative contraindication& include previous thoracotomy, pleuritis, or pleu
risy. Spinal levels that are amenable to thoracoscopic approach range from T3 to Tll. However, 
this approach is more difficult at lower thoracic levels because retraction of the diaphragm and, on 
occasion, diaphragmatic division are required. Upper thoracic levels are difficult to reach if more 
than a simple release is required. 

Technique 
The side of pathology usually dictates whether the approach is right or left sided. With central hernia
tions, I prefer a right-sided approach. The patient is positioned in the late.ral decubitus position on a gel 
pad and beanbag. The ipsilateral arm is placed on an arm holder and e.xtcJJded superiorly (fig. 17-1). 
Intubation with a double-lumen tube is a requirement. Bronchial blockers are usually not sufficient to 
maintain single-lung ventilation. To iiiipJ'ow visualization, I usually roll the patient forward approxi
mately 10 to 15 degrees (Fig. 17-2). This lets the lung fall slightly away from the vertebral column. 

Fluoroscopy is utiliz.ed for initial portal placement. Three or four portals are typically utilized 
(Fig. 17-3). My prefeJence is to use a posterior portal that is placed in the midaxil1ary line directly 
over the level of pathology and two anterior portals that are placed at the anterior axillary line (3,8). 
Usually, one of these is placed in line with the pathology, and the other is placed approximately two 
levels superiorly. This anterosuperior portal is typically placed first to avoid my chance of injuring 
the diaphragm. A l -inch oblique skin incision is made just between the ribs, and shaip dissection is 
carried down to the intercostal muscle layer. Cautery is then utiliz.ed to make the initial division of 
the intercostal muscles. The ipsilateral lung is deBated, and the chest cavity is entered with a blunt 
clamp. A soft portal is placed in this anterior location. Thoracoscopic portals are typically 10 mm in 
diameter. Valves are not necessary. Each portal is placed using a blunt introducer. The remaining two 
or three portals can then be placed under direct vision, using the endoscope placed within the pleural 
cavity. After the skin incision, the approach to these portals is performed completely with cautery, 
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FIGURE 17-2 
A,B: The table is usu
ally tilted 20 to 30 
degrees toward the 
surgeon. This allows 
the lung to fall forward 

FIGURE 17·1 
The patient is positioned in 
the lateral decubitus posi
tion. Care should be taken to 
pad both elbows well. Both 
the surgeon and the assistant 
stand at the abdominal side 
of the patient with the moni
tor directly across from them. 
This makes visualization and 
orientation easiest. 

Scrub 
nurse 

PART II Thoracolumbar Spine 

and I visualize the cautery coming through the pleura. Care should be taken that there is adequate 
space between the three portals in order to prevent "fencing." In general, each portal should be at 
least 2 to 3 inches from the next nearest portal. 

Usually, the lung can be retracted anteriorly using a fan retractor. Often, it stays in this retracted 
position. and the fan can be removed. However, if the lung does not fully deftate or remains an 
obstruction, a fourth portal can be placed anteriorly and inferiorly for the use of the fan retractor. 

away from the spine. A 
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B 

FIGURE 17·2 (Contlnuedj 

Both the surgeon and the assistant typically stand on the ventral aspect of the patient (Fig. 17-1). 
They can then look directly across at a monitor, which helps with orientation. The initial step is to 
palpate the involved disc space and confirm its level. Confirming the level of thoracic disc herniations 
is one of the most important aspects of this procedure. Of course, the pathologic level must first be 
accurately noted on a full sagittal magnetic resonance image, counted from C2. The intraoperative 

B C 

@ @ 

FIGURE 17·3 
Three or four portholes are typically used for thoracoscopic discectomy. The central porthole (B) 
should be placed directly in line with the disc space to be operated upon and is usually placed 
under fluoroscopic guidance. If instrumentation is being performed, the more posterior porthole 
should also be placed centrally. directly above the operated disc space (D). Each porthole should 
be separated by 2 to 3 inches from the neck to avoid "fencing." 
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FIGURE 17-4 
The surgeon should 
localize the disc space 
intraoperatively by 
placing a K-wire in the 
disc space through 
the central porthole. 
Fluoroscopy can then 
be utilized to count the 
space from both supe
riorly and inferiorly. 
Alternatively, the sur
geon may, from inside 
the chest cavity, count 
the ribs. 

PART II Thoracolumbar Spine 

Sympathetic chain 

level can be counted in three ways. A long K-wire is placed through the posterior portal into the 
disc space (Fig. 17-4). Anteroposterior (AP) 11uoroscopy is then used to count up from the 12th rib. 
Similarly, lateral fluoroscopy can be used to count up from the 12th rib. In addition, the surgeon can 
count from within the thoracic cavity, beginning from the first rib and counting down. The first rib 
ill usually partially covered by the subclavian artery. It should be remembered that the disc space 
is covered by the head of the n'"b just below (e.g., the eighth rib head covers the TI-T8 disc space). 

Once the appropriate rib space has been localized. a hook cautery is utilized to make a vertical 
incision in the pleura overlying the vertebral bodies above and below the dille space. This pleural 
incision is then extended in a T-shaped manner posteriorly over the head of the rib. Approximately 
2 to 3 em of the proximal rib is then exposed subperlosteally by means of cautery. Cautery is also 
utilized to expose the vertebral bodies just above and below the disc space. For a di.scectomy, I do 
not typically ligate the segmental vessels above or below the disc space. However, with a small ver
tebral body or large segmental vessels, ligation may be necessary (Fig. 17-5). This would be carried 
out with right-angled Ligaclips (Ethicon, Inc., Somerville, NJ). 

FIGURE 17·5 
On occasion, the 
segmental vessels need 
to be ligated and divided. 
In small patients, in those 
with large osteophytes. 
or when more extensive 
decompression is required. 
segmental ligation is 
necessary. This is done 
with a fine right-angled 
clamp, Ligaclips, and 
bipolar cautery. 

Segmental vessels 
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Cobb elevator 

FIGURE 17·8 
The proximal 1 to 2 em of the rib 
needs to be isolated by cautery and 
sharp curettage. The costovertebral 
ligaments are strong and need to be 
sharply divided. The head of the rib 
overlies the disc space. 

A hook cautery and a thoracoscopic Cobb elevator are then utilized to expose the rib head and 
divide the costovertebral ligaments (Fig. 17 -6). The rib is then divided approximately 2 em from its 
proximal end using a long Kerrison-style rib cutter. Alternatively. the rib can be divided with a high
speed bur. Thill proximal piece of rib ill then removed (Fig. 17-7). Often there are tenacious liga
mentous attachments between the rib head and the vertebral body. These must be sectioned sharply, 
typically with cautery o.r an angled curette. This portion of the rib is saved for later use as bone graft. 

Once the rib head is removed, the posterior margins of the vertebral body are exposed using 
cautery and an elevator. For difficult cases, the exposure can be extended fwther posteriorly along 
the lateral aspect of the pedicle of both the upper and lower vertebral bodies (Fig. 17 -8). If needed. 
a Kenison rongeur can be used to reBect the pedicle of the superior vertebra, exposing the exiting 
nerve root and orienting the surgeon to the location of the spinal canal. However, some epidural 

FIGURE 17·7 
Once exposed. this 
proximal 1 to 2 em of 
rib head is removed. The 

Segmental vein rib can be divided using 
either a Kerrison punch 
or a high-speed bur. This 

~---H-- Disc space bone can be saved for 
later use as bone graft 
if a fusion procedure is 
being performed. Bleed
ing beneath the rib head 
can be controlled with 
bipolar cautery. 
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FIGURE 17·8 
Once the rib head is 
removed, the disc space is 
entered with a no. 15 blade, 
a central discectomy is 
performed, and the posterior 
margin of the endplates 
of the vertebral bodies is 
resected using a high-speed 
bur. For orientation, the 
posterior corners of the 
endplates and the superior 
margin of the pedicle should 
be isolated. 

PART II Thoracolumbar Spine 

bleeding should be expected after this maneuver (Fig. 17-9). Bleeding is typically controlled with 
thrombin-soaked sponges. Once the disc space is delineated with cautery, it is incised with a no. 15 
blade. An initial discectomy of the central portion of the disc can be performed using pituitary ron
geurs. I then use a high-speed bur to resect bone on either side of the endplate, on both sides of the 
disc space. 'Ibis is performed approximately 3 to 4 mm on either side of the disc space and deepened 
to approximately 20 mm. The exact depth of this trough can be determined preoperatively from the 
computed tomography scan and/or magnetic resonance imaging scan. It should be deep enough to 
decompress the spinal canal for the entire width of the pathology. Once this trough is deepened in 
the central portion of the vertebra, the endplates can be resected with rongeurs or curettes, leaving 
only the posterior margin of the disc and the posterior endplate above and below the disc. 

FIGURE 17-9 
The dura can be visualized with 
partial resection of the supe
rior aspect of the pedicle of the 
level below. This entails some 
epidural bleeding that can be 
controlled with thrombin-soaked 
sponges. The posterior comer of 
the vertebral bodies can then be 
visualized, or, typically, herni
ated fragments or osteophytes 
are located. 

epidural veins ~i-~::::.1!!:4ii! 
·~~~ 
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Dural 

Angled curette 

Facet 

FIGURE 17·10 
The posterior endplates. osteo
phytes, and herniated disc frag
ments can then be safely removed 
using fine-angled 3-0 curettes. 
These fragments should be pulled 
away from the dura with the curette, 
which should land in the trough 
created by the discectomy. 

A high-speed bur ia then used to carefully thin the posterior wall of the vertebral bodies above and 
below the disc space until only a thin shell of cortical bone remains. Curettes are used to peel this 
posterior cortex, as well as the posterior annulus of the disc, into the previously created trough. Fine 
curettes are utilized to remove the remaining aspects of the posterior longitudinal ligament. posterior 
annulus, and herniated or calcified fragments (Fig. 17-1 0). An angled curette or a long nerve hook 
can be utilized to continue to probe to retrieve any extruded fragments. The dura ia then usually 
visualized, bulging into the decompression trough (Fig. 17-11). Most thoracoscopic instrumentll 
are marked with depth measurements so 1hat the surgeon knows how far across 1he spinal canal the 
decompression has proceeded. 

For lateral disc herniationa, fusion ia not usually n::quired. However, if a large trough has been cre
ated or for centtal decompressions, a fusion is indicated. I typically utilize a titanium mesh or PEEK 

Dural 

Disc fragment 

Resected 
body of TS 

FIGURE 17-11 
After decompression, the 
dura should be well visua
lized. Whether a fusion 
needs to be performed is 
dependent on how much 
of the bony end plates was 
resected. When more than 
one-third of the end plates 
are resected, I prefer to 
perform a simple inter
body fusion. 
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A B 

FIGURE 17·12 
AP (A) and lateral radiographs (B) after thoracoscopic discectomy for myelopathy. Extensive bone resection was required, and 
a simple cage interbody fusion was therefore performed. The patient made a full recovery, and this radiograph was taken 
6 months after surgery. 

cage. This cage is filled with bone from the rib head and then impacted into the disc space. There 
should be a snug fit both superiorly and inferiorly into the vertebral bodies (Fig. 17 -12). Remaining 
bone can then be packed anterior to the cage. Finally, AP and lateral fluoroscopic views are obtained 
to ensure acceptable cage placement. A chest tube is then placed through the most posterior portal 
site and secured. Each of the portals is then removed, and each incision is closed with a nonabsotb
able suture in the intercostal muscle layer and with a subcutaneous suture. 

POSTOPERATIVE MANAGEMENT 

The chest tube is left to suction fot 36 to 48 hours. Chest radiographs are obtained daily to ensure 
that there ill no pneumothorax. If a fusion was performed, the patient ill placed in a Jewett extension 
brace. Hospital discharge is usually on the 3rd or 4th day. The brace is used for 6 weeks. 

COMPLICATIONS 

The most devastating complication is neurologic deficit from contusion of the spinal cord. The 
surgeon must take great care at all times to remain oriented to the location and angle of the spinal 
canal. All motions with curettes must entail a pulling away :from the spinal canal and landing in 
the previously made trough. Other potential complications include spinal fluid leakage, excessive 
bleeding, or chyle leakage. Recurrent hemothorax or pneumothorax is possible, and, as mentioned, 
chest radiographs should be obtained postoperatively. Postoperative intercostal neuritis is more 
prevalent when hard portals are utilized. Even with soft portals, however, this complication can 
occur from contusion of the intercostal nerve. Length of surgery may play a role in this com
plication. A postoperative intercostal block using lidocaine (Xylocaine) may greatly increase the 
patient's comfort. 
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Posterior Sp 
Fixation for 
Thoracolumbar 
Spinal Trauma 

Kris Radcliff, C. Chambliss Harrod, Sapan D. Gandhi, 
Christopher K. Kepler, and Alexander R. Vaccaro 

INDICATIONS/CONTRAINDICATIONS 

The goals of thoracolumbar fracture care are prevention of neurologic injury, restoration of sagittal 
alignment, and facilitation of early mobilization. Anatomically, several factors predispose the 
thoracolumbar junction to trauma and spinal cord injury. Forces across the thoracolumbar region are 
amplified by the rigid, long lever arm of the thoracic spine. There is also a transition of neurologic 
elemeuts from spinal cord to the conus medullaris and a relatively small spinal cord to canal ratio 
as one moves distally. The mean normal thoracolumbar sagittal alignment is 0 to 3 degrees of 
lordosis (9). Mean normal lumbar lordosis is approximately 60 degrees (9) although the majority of 
lordosis is at 1..4-LS and LS-Sl. Mean thoracic kyphosis is 40 degrees (9). 

Treatment decision making of thoracolumbar fractures includes asseasment of fracture morphol
ogy, posterior ligamentous complex integrity, and neurologic status. The thoracolumbar injury 
classification system ('ILICS) (17,21) is a classification algorithm to support decision making in 
thoracolumbar fractures (Fig. 18-1). Burst fractures are characterized by bony failure of the ver
tebral body (Fig. 18-2A). Isolated, neurologically intact thoracolumbar burst fractures without 
posterior ligamentous injury may be managed nonsurgically in the majority of circumstances. 
Distraction injuriea, including flexion-distraction injuriea (Fig. 18-2B) and extension distraction 
injuries (Flg. 18-2C), are often unstable and in the vast majority of cases benefit from surgical 
stabilization due to distraction failure of the vertebral elements and ligamentous injury. Translation
rotation injuries (Fig. 18-20) are also unstable and are typically managed surgically. Relative indi
cations for surgical stabilization iDclude associated injuries (spinal, abdominal, or extremity) that 
would complicate compliance with bracing, inability to brace due to body habitus, or high risk of 
failure of IlOJI8wgical treabnent. 

A posterior surgical approach is the most commonly used approach for thoracolumbar fractures as 
it is extensile, allows biomechanically rigid instrumentation, is more familiar to spinal surgeons, does 
not require the aasistance of an approach swgeon, and allows fixation of multiple spinal segments. 

The anterior approach is selected for direct decompression from anterior retropulsion of boiJy 
fragments at the CODU8 and spinal cord injury level. An anterior approach may allow shorter fusion 
constructs and sparing of fusion levels. 

Relative contraindications to posterior spinal fixation of thoracolumbar fractures include open 
wounds or compromised posterior soft tissues including skin or subcutaneous tissues, medical insta
bility or Morel-Lavelle lesions. Other relative contraindications include significant retropulsion at 
the spinal cord level. which may be better addressed with an anterior approach. 
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FIGURE 18·2 
A: Midsagittal CT 
thoracolumbar burst 
fracture is characterized 
by involvement of the 
anterior vertebral body. 
B: Flexion-distraction 
injury. 
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FIGURE 18-1 
Thoracolumbar injury 
classification system. The 
TLICS includes three elements: 
fracture morphology, pos
terior ligamentous complex 
injury, and neurologic injury. 
Fractures with a TLIC score 
greater than 5 are considered 

Thoracolumbar injury c::lassification system 

to be candidates for surgical 
intervention. (Adapted from 
Vaccaro AR, et al.: A new 
classification of thoracolumbar 
injuries: the importance of 
injury morphology, the integrity 
of the posterior ligamentous 
complex. and neurologic status. 
Spine 30(20): 2325, 2005.) 

InJury 
morphology 

PLC integrity 

Neurological 
status 

PREOPERATIVE PREPARATION 

Comprest~ion 1 
Burst component 1 
Thlnalatlon rotation 3 
Distraction 

4 

Intact 0 
Indeterminate 2 
Disrup1ed 3 

Intact 0 

Nerve root injury 2 
Complete 2 
Incomplete (cord or cauda 
equina) 3 

Careful clinical assessment with a detailed physical and neurologic examination is essential. 
Mechanism of injury, associated spinal and nonspinal injuries, and precise physical examination 
are important in understanding the injury "character'' and extent Furthermore, patients should be 
queried about coagulopathy (either pharmacologic or pathologic) and history of previous spinal 
surgery or spondyloarthropathy. 

Imaging Assessment 
High-resolution computed tomography (CT) is a common tmuma screening study in many centers. 
Sagittal and axial .reconstructions are essential to appreciate translation and sagittal fracture lines. 

A B 
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c D 

FIGURE 18-2 (Continued) 

C: Extension distraction injury. D: Translation-rotation injury. 

MRI is performed for evaluation of posterior ligamentous complex injury (10,16) (Fig. 18-3) and 
nemologic compression. Imaging studies, particularly in the thoracic spine, should include a scout 
or scanning view to enable the surgeon to directly count vertebrae from the sacrum to ensure cotreet
levelsurgery is performed (Fig. 18-4). 

Prior to commencement of the procedure, the surgeon should inspect the preoperative Cl' scan 
for the fracture morphology, translation, and evaluation of the adequacy of the pedicles for instru
mentation including length, axial convergence, axial vertebral body rotation, scoliosis, and pedicle 
diameter. Also inspect for location of the great vessels, rib fractures, and facet or pedicle fractures, 
which may obscure starting points. 

Associated spinal and nonspinal injuries should be identified. Approximately 10% to 20% of 
patients have noncontiguous spinal fractures. Attention should be directed to the cervical spine 
and the necessity for immobilization or removal of a cervical collar prior to posterior spinal fixa
tion for thoracolumbar trauma. Additionally, the surgeon should discuss with the trauma phy
sicians about the possibility of hollow viscus organ injury particularly after flexion-distraction 
injuries. 

Selection of Fusion Levels 

Traditional posterior instrumentation for thoracolumbar fractures differs according to the patients' 
pathology. Burst fractures are unstable in axial loading, and traditionally, "long-segment" ins1rumen
tation (pedicular) is often considered two and sometimes three levels above and below the fractured 
level to resist compressive loads (14). Other fracture morphologies, including translation-rotation 
injuries, extension distraction injuries, and flexion-distraction injwies (2) (including "Chance" 
fractures), may be more stable to axial loading. Short-segment instrumentation, including one to 
two levels above and below the level of injury, may be more appropriate for selected fractures. 
The load-sharing score is a decision-making tool to enable 8\U'geons to identify which fractures are 
most amenable to short-segment instrumentation (15). The load-sharing score assigns 0 to 3 points 
to fracture comminution, local kyphosis between 15 and 30 degrees, and axial fragment diastasis, 
and the total score is calculated 0 to 9 (13). Fractures that score 7 or more are considered to be poor 
candidates for short-segment fixation. 
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FIGURE 18·3 
Posterior ligamentous complex spinal injuries. The posterior 
ligamentous complex of the spine includes supraspinous 
ligament, interspinous ligament, ligamentum flavum, and 
facet joint capsules. The capsules may be scored as "intact.· 
"indeterminate. • or "disrupted. • 

PERIOPERATIVE CONSIDERATIONS 

PART II Thoracolumbar Spine 

Patients undergoing posterior spinal fixation fo.r thoracolumbar fractures should undergo preoperative 
medical evaluation and risk stratification and optimization prior to surgery. Progressive neurologic 
deficit is considered a surgical emergency. Incomplete neurologic deficit is an urgent but not emergent 
condition best addressed with early surgery when medically cleared. There is no definitive high-level 

FIGURE 18·4 
"Scout• view demonstrating T8 Chance fracture relative to the sacral 
endplate. 
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evidence supporting early surgery for thoracolumbar trauma at this time in the literature (20). Several 
studies have shown a benefit to early surgery in terms of reduction of medical complications (1,11). 
Consideration should also be given to the possibility of spinal shock and the possibility that an 
incomplete spinal cord injury may present as a complete injury due to spinal shock (4). 

As part of perioperative management, the surgeon should inform the anesthetic team about special 
requirements including special positioning or intubation requirements, cervical spine clearance or 
stabilization, presence of other spinal injuries, blood pressure support, steroid dosing, need for one
lung ventilation if necessary, and expected blood loss. The authors' preference in the setting of a 
neurologic deficit is to maintain mean arterial pressure greater than 85 mm Hg during the proce
dure using continuous arterial blood pressure monitoring. The authors' preference is also for early 
involvement of plastic surgery if there is concern about adequate soft tissue for closure. Spinal cord 
injury is a major risk factor for deep venous thrombosis, increasing the risk eightfold over other 
isolated thoracolumbar trauma (8). Consideration should be given to deep venous thrombosis che
moprophylaxis to reduce the risk of pulmonary embolism. In cases where a prolonged period before 
thromboprophylaxis is considered and chemoprophylaxis is contraindicated, consideration should 
be given to placement of an inferior vena cava filter. 

Given the biomechanical demands of spinal cord injury, the instability due to loss of protective 
muscle function, and the high prevalence of smoking in the trauma population, the authors' preference 
is autogenous iliac crest for arthrodesis of most patients with thoracolumbar trauma. Preoperative 
intravenous antibiotic prophylaxis is recommended on all surgeries. Antibiotics should be redosed if 
the surgical procedure lasts more than 4 hours or if estimated blood loss is greater than 1 ,000 mL. We 
monitor somatosensory evoked potentials and motor evoked potential for all spinal cord surgeries. 
We also perform dynamic triggered electromyography (EMG) for pedicle screw stimulation. 

Technique 

Positioning Positioning should be dependent upon the fracture morphology. The authors per
form the posterior approach prone on a radiolucent Jackson table (Fig. 18-5). The position of the 
chest pad (normally at the sternal notch) may be manipulated distally to effect kyphosis in the case of 
an extension distraction injury or fracture dislocation. Similarly, the iliac crest pads, which normally 
are located at the level of the anterior superior iliac crest, may be manipulated more proximally to 
effect kyphosis and more distally to increase lordosis. If the iliac crest pads are too low, the patient 
can develop meralgia paresthetica or a femoral nerve palsy postoperatively if they are directly in the 
inguinal region. The alxl.omen should be free to reduce venous pressure and epidural venous bleeding. 

Arms are alxl.ucted forward out of the operative field and are supported on arm boards and are 
positioned in a manner so as to not obscure x-ray visualization. Care should be taken to pad the bra
chial plexus and the ulnar nerves. The head may be supported on a pillow or, for long cases or cases 
involving the cervicothoracic junction, held in a Mayfield head holder supported from the top of the 
Jackson table. Care should be taken to ensure that the patient's eyes are free and arterial pressure 
is carefully monitored to reduce the risk of blindness. The perineal region should be inspected to 
ensure that (in the case of male patients) the testicles hang free. The Foley catheter should be taped 
to the bed so it does not get caught on the C-arm if it hangs unsupported. The patients' knees rest on 
a gel pad on the Jackson table and are gently flexed. The patient's shins rest on one or two pillows. 
Sequential compression devices are applied to the patient's shins prior to prone positioning. Local
ization of levels with intraoperative fluoroscopy may be performed prior to prepping. The authors 
in some cases confirm adequate radiographic visualization with intraoperative fluoroscopy prior to 
prepping and draping to confirm that there are no monitors or wires, which are preventing adequate 
visualization. All surgeries are performed with an intraoperative blood salvage system to reduce the 
need for nonautologous blood transfusions. 

Exposure For thoracic cases, the spine is draped from lower cervical spine to the pelvis. For 
lumbar fractures, the spine is draped from the apex of thoracic kyphosis to the sacrum. If iliac crest 
graft is going to be harvested, then the iliac crest is draped into the field as well. 

A midline posterior exposure is a standard extensile approach. The authors' preference is exposure 
of the fascia bilaterally prior to deeper exposure to facilitate closure at the conclusion of the case. 
The author will dissect and identify the fascia and undermine the plane between the subcutaneous fat 
and the fascia bilaterally several millimeters. The incision is midline. After exposure of the fascial 
plane (prior to violating the fascia), we repalpate the spinous processes and ensure that the midline 
is again identified. A cerebellar self-retaining retractor may be helpful at this stage. Exposure may 
proceed subperiosteally elevating the multifidus muscles off of the underlying spinous processes 
and laminae. Exposure then proceeds lateral to the facet joints and the transverse processes (TPs). 
In the lumbar spine, Gelpi retractors are placed deep to the paraspinous muscles to hold the muscles 
back while remaining in an unobtrusive location to avoid interfering with lumbar instrumentation. 
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FIGURE 18·5 
A: Positioning on a radiolucent Jackson table. The chest pads should be placed at the sternal notch. They may be moved dis
tally to effect increased thoracic kyphosis. The iliac crest pads should rest on the anterior superior iliac spines. They may be 
moved more distally to increase lumbar lordosis. The abdomen should be free. The knees are gently bent on a gel pad. The feet 
supported on pillows. The arms should be supported on arm boards from the head of the table. B: Positioning a patient with 
a concomitant cervical and thoracic injuries with Mayfield attachment at the cephalad portion of the bed. The Mayfield attach
ment reduces pressure on the eyes and face. The Mayfield attachment also allows manipulation of the head and neck alignment. 
C: Example of positioning of patient with T6 flexion/compression injury. The patient was placed in a Mayfield head holder due 
to (a) her excessive thoracic kyphosis from the fracture and (b) a cervical fracture. The Mayfield attachment allowed direct 
control of the patient's cervical flexion/extension. 

A midline. subperiosteal exposure of the spinous processes and laminae allows for the most 
efficient, bloodless exposure. The surgeon should avoid working into a hole or crevice as bleed
ing can quickly occur. Areas that are not being exposed should be packed with sterile sponges 
to tamponade venous bleeding. Care must be taken in areas of injury not to violate the spinal 
canal through defects in the laminae or tears in the ligamentum fl.avum that may have occurred 
as a result of the spinal fracture (Fig. 18-6). We expose several vertebral levels at once, first the 
spinous processes, then the laminae. then the pars interarticularis to avoid working in a hole. If 
necessary, exposure should also commence with identification of a normal anatomical area and 
then gentle dissection into unknown areas. Self-retaining retractors are helpful to maintain tension 
on the soft tissue structures during the exposure. Particular attention should be given to hemosta
sis over the lateral border of the pars interarticularis and the facet joints to avoid the parafacetal 
artery in that location. The surgeon should avoid violation of the cephalad facet joint of the levels 
to be fused to reduce the risk of adjacent segment disease. Other facet joints should be debrided 
of cartilage with electrocautery and/or a burr. Exposure is then carried to the tips of the TPs. In 
the lumbar spine, the TP is located in the caudal third of the facet joint. Care must be taken not 
to violate the intertran.sverse membrane to avoid excessive bleeding and possible iatrogenic nerve 
root injury. 

Radiographic confirmation of levels is essential. The authors' preference for thoracic level 
identification in the absence of an obvious spinal abnormality is fluoroscopic localization of levels 
counting from the sacrum. Due to the caudal overhang of the spinous processes in the mid to lower 
thoracic spine, the tip of a spinous process can hang one or two vertebral levels below its cor
responding pedicle. The authors' preference is marking a pedicle directly above and below the 
fractured segment In the lumbar spine, a Kocher clamp or pedicle tDa1"lrer is sufficient. This informs 
the surgeon about the sagittal orientation of the pedicles relative to the floor. 
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CT myelography demonstrating posterior lamina fracture in the axial view 
(A and B}, and the saggital view (C). Care should be taken during expo
sure to avoid iatrogenic spinal cord injury by falling into the fracture site. 

InstmmentRtion Pedicle screw instrumentation is the authors' preference in the posterior 
approach for thoracolumbar fractures. Pedicle screw instrumentation allows segmental, anterior, 
and posterior spinal column fixation of multiple segments and the potential for manipulation of 
deformity. Pedicle screw inst:rumentat.ion is a safe and effective procedure in the thoracolumbar 
spine (12,18,19,22). 

There are two components to succellsful thoracolumbar pedicle screw instrumentation similar to 
other orthopedic instrumentation procedures: starting points and insertional angle. The pedicle is 
located at the junction of the TP and the superior articular process (SAP). Slight variations in the 
orientation of the TP to the pedicle (cephalad, same level, or caudal) distinguish spinal segmentll 
(Fig. 18-7A). The starting points of thoracic pedicle screws are approached based on two anatomi
cal landmarks: the TP and the SAP. The smallest pedicles are at T4, TS, and T6. The most medially 
convergent thoracic pedicles are in the midthoracic spine. 

The most important component of successful pedicle screw instrumentation is choosing couect 
starting points. It is difficult to salvage a poor starting point with screw trajectory. If difficulty is 
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FIGURE 18·7 
A: Thoracic pedicle screw starting points diagram. The medial-lateral position is located at the lateral edge of the SAP of the 
level to be instrumented. The vertebral level determines the proximal-distal position. Pedicle screw starling points are always 
in the cephalad half of the TP. The landmark is the bisector of a TP. The pedicle of T12, T3, T2, and T1 is located at the mid
point of the TP. The pedicles of T9. T8, and T7 are located at or above the cephalad border of the TP (on the superior facet). 
Two other points are defined between the top and midpoint of the TP. At the upper quadrant of the TP is the starting point of the 
T1 0 and T6 pedicles. At the lower quadrant is the starting point of the T11, T5, and T 4. B: The axial orientation of the pedicles 
is perpendicular to a tangent line to the SAP. The trajectory of the pedicle screws are shown by the arrows. C: The sagittal 
orientation of the pedicles is often parallel to the TP. The trajectory of the pedicle screws are shown by the arrows. D: Model 
of thoracic pedicle screws/inferior facet osteotomy. On the left side, the inferior facet osteotomies have been marked. On the 
right side, inferior facet osteotomies have been performed to expose the superior articular facet. The pedicle screw starting 
points have been marked at every thoracic level on the right. Note how the inferior facet osteotomy improves visualization of 
the lateral aspect of the superior facet. 
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FIGURE 18-7 (ContinutHI) 
E: Example of cannulating right 
T7 pedicle with curved pointed 
gearshift. The instrument has been 
advanced 15 m m with the tip facing 
laterally. Now the tip has been 
redirected medially as it should 
have traversed the pedicle at this 
point and is entering the vertebral 
body. The depth markings on the 
gearshift enable to surgeon to deter
mine the appropriate screw depth. 

encountered in pedicle screw instrumentation, the surgeon should first reassess the pedicle screw 
starting point (Fig. 18-7A). The SAP is the medial-lateral thoracic pedicle screw starting point 
landmark. The ideal medial-lateral starting point is just lateral to the SAP. Jn the thoracic spine, 
the authors' preference is thinning or leveling the thoracic TP to expose the base of the SAP. This 
maneuver can be performed at all levels except the cephalad pedicle. A common error is fail
ure to visualize the lateral edge of the SAP, resulting in a more medial starting point. The TP is 
the cephalad-caudal landmark for thoracic pedicle screw starting points. The surgeon should know 
the location of the TP relative to the pedicle starting point at every level. 

The axial trajectory of the thoracic pedicles is perpendicular to the SAP (Fig. l8-7B). Accurate 
identification of the SAP is critical to successful screw placement. Sagittal trajectory of thoracic 
screws is often parallel to the TPs depending if a straightforward rather than an anatomic sagittal 
direction is chosen for improved pullout strength (Fig. 18-7C). After removal of the dorsal cortex of 
the TP with a Leksell rongeur, the pedicle screw starting point is identified with a high-speed bur and 
then cannulated. After creation of a starting point, the authors use either a curved, pointed pedicle 
finding gearshift or a straight 3-0 cecv.ical curette for thoracic pedicle screw insertion. If a curved 
probe is used, the author advances the instrument 15 mm with the tip pointing laterally. At this point, 
the tip of the instrument should have traversed the pedicle. Then the author rotates and points the 
gearshift tip medially for 15 mm because at this point the instrument should be in the vertebral body. 
The author will advance the awl to 35 to 40 mm total. and then the hole is palpated. five surfaces 
(medial, lateral, superior, inferior, and a floor) should be palpated. Our preference is undertapping 
by 1 mm or not tapping at all to optimize screw purchase while creating a bony path for the screw. 
The pedicle hole is palpated gently again with a ball tip probe. Pedicle screw trajectories can be 
checked with a pedicle marker or drill bit on anteroposterior (AP) or just lateral fluoroscopic views 
or plain x-ray to determine the correct trajectory prior to screw implantation. 

In the case of difficulty with pedicle screw implantation, the author performs a laminoforami
notomy (Fig. 18-8) to palpate the medial, superior, and inferior pedicle wall. The initial step is 
resection of the inferior edge of the lamina of the cephalad level. The seoond step is resection 
of the cephalad edge of the level to be instrumented. Finally, we take a K.errison rongeur and 
bite caudally-laterally at a 45-degree angle to identify the medial pedicle border and 11Jldereut the 
lamina/facet junction. The surgeon should then be able to palpate the medial border of the pedicle 
with a micro nerve hook. 
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FIGURE 18·8 
A: Diagram of laminoforaminotomy with pedicle projection marked. 8: Start laminoforaminotomy with removal of the inferior 
edge of the cephalad lamina. C: Once adequate room is achieved, remove the bone medial to the pedicle with a high-speed burr 
or 1- or 2-mm Kerrison rongeur. Take care not to allow the back end of the instrument to contact the spinal cord. D: Completed 
laminoforaminotomy. The surgeon should be able to palpate the media, superior, and inferior borders of the pedicle with the 
Kerrison rongeur or a nerve hook after laminoforaminotomy is completed. 
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FIGURE 18-8 (Continued) 

E: The surgeon may now cannulate the pedicle with direct knowledge of the location of the spinal canal. F: If an instrument 
breaches the medial pedicle border, the surgeon should be able to appreciate the defect either visually or with palpation. 

Special pearls are that there is usually a rudimentary TP at L1 with a large mammillary process at 
that level. At L1, the pedicle has very little medial couvergence, if any, and can cxx:asionally diverge 
depending on starting point. Therefore, the surgeon has to be careful to avoid a medial breach at 
the Lllevel. Fortunately, the L1 pedicles are usually large and therefore more amenable to pedicle 
fixation. 

The axial trajectory oflumbar screws is fairly straightforward (Fig. 18-9). Ll screws have 5-degree 
medial convergence in most cases. There is 5 degrees of additional couvergence per level below Ll. 
Therefore, L2 screws 10 degrees, L3 screws 1 S degrees, etc. The sagittal trajectory of lumbar screws 
is referenced around orientation to L3 in most cases. L3 screws are usually perpendicular to the floor 
in most cases as L3 is the apex of lumbar lordosis. The authors use the sagittal orientation of the 
radiographic llUil'ker as a guide. 

Decompression There are several options for decompression from a posterior approach in 
thoracolumbar trauma. We prefer decompression after instrumentation is placed (Fig. 18-10). For 
thoracic laminectomy, we first remove the spinous processes of the end levels with a Leksell rongeur 
to remove the distal overhanging portion of the spinous process to expose the ligamentum flavum. 
above and below the laminectomy level. We then use a high-speed burr to create two troughs lateral 
to the dura. The thinned lamina is then lifted with a nerve hook and removed with a Kenison or 
pituitary. Care should be taken to ensure that the bone fragment (lamina) does not rebound onto d:le 
spinal cord. 

Depending on the pad:lology, a surgeon may choose unilateral transpedicular decompression 
(Fig. 18-11), bilateral transpedicular decompression, or costotransversectomy to address pathol
ogy ventral to the thecal sac. Thmspedicular decompression is a technique to achieve ventral 
decompression of the thecal sac from a posterior approach. The authors cannulate the pedicle to be 
decompressed. The authors enlarge the pedicle channel with serial curette dilation and, ultimately, 
a high-speed burr to decancellate the entire pedicle and posterior lateral vertebral body. A tamp or 
reverse curette is used to breach the medial pedicle cortex, and a trough is created in the vertebral 
body. Then a reverse curette or angled bone tamp is used to reduce posterolateral bone fragments into 
the vertebral body. 'Iranspedicular decompression does not violate the lateral pedicle wall and does 
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FIGURE 18·9 
lumbar pedicle screws (sawbones). A: Identification of starting from dorsal points (upslope of TP). B: Oblique view demon
strating the lumbar screw starting points at the junction of the TP and SAP. C: Sagittal angle of lumbar pedicle screws. Note 
the progressive caudal angulation most extreme in S1. D: Axial angulation of lumbar pedicle screws. Note that S1 has the most 
medial angulation. 

not require disruption of the costovertebral junction. Transpedicular decompression is indicated for 
posterolateral pathology. Midline pathology or contralateral pathology may not be accessible via 
transpedicular decompression. 

Costotransversectomy is a more lateral approach similar to ttanspedicular decompression. The 
surgeon dissects the lateral vertebral body wall free by osteotomizing the TP. The costovertebral 



18 Posterior Spinal Fixation for Thoracolumbar Spinal Trauma 237 

A B 

c D 

FIGURE 18·10 
Thoracic laminectomy. A: The spinous processes have been removed, and dorsal cortex of the lamina has been removed. This 
enables easy identification of the cephalad and caudal border of the lamina. It is extremely difficult to do thoracic laminectomy 
without spinous process removal due to the overhang of cephalad levels obscuring the cephalad border of the lamina to the 
removed. The lamina has also been thinned to the ventral cortex. B: Drilling bilateral troughs. The thin lamina facilitates easy 
identification of ligamentum flavum and dura. The authors start at the caudal border since flavum protects the dura at this level. 
C: Example of thoracic laminectomy. D: Subdural/intramedullary spinal cord hemorrhage evident on thoracic laminectomy. 
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Transpedicular decompression/costotransversectomy. A: Bilateral transpedicular decompression. The surgeon is reaching into 
the vertebral body through the left pedicle, which has been removed. Note that the right pedicle has also been removed and 
bilateral nerve roots have been sacrificed. B: Example of transpedicular decompression for thoracolumbar burst fracture with 
incomplete spinal cord injury. Preoperative sagittal view demonstrates significant bony retropulsion. C: Postoperative sagittal 
view demonstrates reduction of fracture and resection of bony fragment. D: Axial view demonstrates bilateral transpedicular 
decompression. 
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junction is identified, and the rib head is osteotomized. The lateral and medial pedicle walls are taken 
down, which allows the surgeon to reach more medially across the thecal sac. Costotransversectomy 
may allow the surgeon to access midline and bilateral anterior pathology for a complete vertebrec
tomy. A cage or interbody graft may be placed anteriorly once the costotransversectomy is com
pleted (Fig. 18-llC). 

Traumatic durotomies may occuc, particularly in the presence of a vertical laminar fracture, in 
thoracolumbar trauma. When possible, direct repair of the durotomy is the best possible outcome. 
The authors repair the durotomy with Castroviejo forceps with a 6-0 Gore-Tex suture on a CV6 
needle. Mter a knot is tied in the suture, the authors in some cases bring the suture needles through a 
Duragen patch and/or a fascia or fat graft to augment the repair. The repair is then further supported 
with fibrin glue. If unable to repair, the authors recommend reduction of any herniated nerve rootlets 
then augmentation with a dural patch followed by prolonged bed rest of a day or 2. Consideration 
may also be given to subarachnoid drainage. 

Deformity Reduction Maneuvers The choice of reduction maneuvers depends on the 
specific pathology and direction of instability. Burst fractures usually require a combination of 
lordosis and distraction for reduction to correct kyphosis (Fig. 18-12). We recommend effecting 
lordosis initially with a cantilever maneuver or in situ bending and then distracting across the 
fractured segments. The distraction is a kyphosing maneuver. The rod should be contoured into 
an exaggerated lordosis prior to the reduction as some lordosis will be lost during the reduction. 
If the reverse maneuver is performed (distraction prior to lordosis), then the ligament tension may 
be maximized by kyphosis and may not be as effective in creating lordosis. In the case of fracture/ 
dislocations, there is a shear mechanism that results in anterolisthesis of the proximal segment 
relative to the distal segment. If necessary, in the case of a fracture dislocation, the SAPs may 
be osteotomized bilaterally using a high-speed burr or osteotome to facilitate direct reduction. 
After instrumentation has been placed and decompression completed, we perform reduction of 
the proximal screws to the rods bilaterally using persuader instrumentation to reduce translation. 
A cantilever maneuver may also be employed by anchoring a contoured, corrected rod to one end 
of the construct and using a rod gripper to bring the opposite end of the rods anteriorly enough 
to capture the screws (Fig. 18-13). We recommend working bilaterally simultaneously while 
performing this maneuver to avoid unilateral screw failure. Extension distraction injuries must be 
reduced in kyphosis. In situ bending in kyphosis or distraction across the fracture segment will 
reduce these injuries. 

Closure All bony elements should be decorticated. Local bone from the decompression or spi
nous processes, debrided of soft tissue and morcellized, plus bone graft extender may be added to 
the decorticated posterior elements. The authors recommend autogenous iliac crest bone graft on 
trauma patients. There are some reports of the use of recombinant human bone motphogenic protein 
2 (BMP2) in a capacity that is "off-label" by the FDA in thoracolumbar trauma cases. However, 
we recommend caution with use of BMP2 posterolaterally in the thoracolumbar spine due to basic 
science data that recombinant human BMP2 may penetrate the thecal sac and induce a signalling 
cascade (5) possibly causing gliosis (7). 

After irrigation and bone grafting, closure should be performed in a layered fashion over a sub
fascial drain. Care should be taken to close all dead space, particularly in the subcutaneous fat over 
the thoracolumbar fascia. 

Minimally Invasive Surgery Although at this time controversial, selected patients may be 
candidates for percutaneous instrumentation with or without facet arthrodesis as an "internal brace" 
for selected fractures. Such percutaneous instrumentation may be a good choice in patients who are 
high risk for failure of nonsurgical treatment Early studies have demonstrated no significant loss of 
radiographic alignment or high rate of early failures with application of such techniques, although 
long-term studies are still under way. 

The technique of percutaneous instrumentation and fusion of thoracolumbar fractures involves 
insertion of pedicle screws under fluoroscopic guidance. The first step of percutaneous pedicle 
insertion is careful setup and radiographic mapping to identify the appropriate pedicle land
marks. Prior to instrumentation, the C-arm should be brought to be parallel to the vertebral body 
to be instrumented. The authors first confirm a perfect AP view (Fig. 18-14A). Left and right 
rotation should be used to ensure that the spinous process projection is equidistant from the 
pedicles bilaterally. This will ensure that the C-arm is not axially rotated relative to the vertebral 
body. Cephalad and caudal angulation should be used to move the C-arm parallel to the vertebral 
body endplates. It is important to accurately align the endplates so they are superimposed on one 
another. 
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FIGURE 18·12 
Distraction/lordosis reduction maneuver burst fracture. A: Intraoperative photo of distractor apparatus attached to rod gripper 
to effect distraction across thoracolumbar burst fracture. B: Example of thoracolumbar burst fracture reduction with distraction. 
Pedicle screws have been placed at L4, l3, and L2 for a burst fracture. C: Distractor applied intraoperatively to a fusion con
struct. The fracture has been reduced from kyphosis. D: Final construct showing reduction of the fracture with short-segment 
instrumentation and a screw in the fracture site as a fulcrum. 
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FIGURE 18-13 
A: Intraoperative photo of a rod gripper applied to the cephalad end of a rod to effect a cantilever reduction. Instead of using a 
persuader to reduce the screws to the rod. a cantilever maneuver reduces the rod and distally attached screws to the remaining 
screw. B: Preoperative midsagittal CT scan of a T10 translation-rotation injury with complete spinal cord injury. Also note an 
L 1 burst fracture. C: Intraoperative radiograph obtained prior to reduction maneuver displays persistent kyphosis and transla
tion. Pedicle screws have been placed and long, contoured rods anchored at the cephalad aspect of the construct (T6 to T10). 
The rods have not been anchored distal to the fracture site. D: After bilateral cantilever reduction, the translation and kyphosis 
have been corrected. The rods were cut to appropriate length. E: Postoperative CT displays restoration of alignment. 
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FIGURE 18·14 
A: Technique of percutaneous screw insertion. Initially, obtain a true AP view in which the C-arm is parallel to the endplates of 
the vertebral body to be instrumented, and the spinous process is midline. After this is performed, the location of the pedicles 
can be marked on the skin by laying a guidewire across the skin parallel to the midpoint of the pedicles. B: Mark the skin at 
the location of the lateral pedicle boundary with a guidewire. The skin incision should be at least 2 em lateral to the lateral 
pedicle border to medialize. C: Example of cannulating L4 pedicles. The Jim-Sheedy needles have been advanced exactly 
15 mm. The tips are located at the midpedicle on an AP view and have not touched the medial L4 pedicle border. This is the 
correct position, and it implies appropriate medicalization. At this point on a lateral view, the Jim-Sheedy needles should be 
at the pedicle-vertebral body border. D: AP fluoroscopic image after guidewires are inserted at L3, L4, and L5. Notice that the 
C-arm is now orthogonal to L5 superior endplate and is no longer orthogonal to L3 vertebral endplates. 
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FIGURE 18·14 (Continued) 
E: Lateral fluoroscopic view after guidewires is inserted. The left L5 guidewire is at the mid-vertebral body projection on the 
lateral view but is only at the medial pedicle wall on an AP view. This implies a lateral guidewire placement as the guidewire 
has traveled farther in the AP plane than the medial-lateral direction. F: "Owl's eye• or transpedicular oblique view may be 
obtained to directly visualize a pedicle in the case of difficulty with screw insertion on AP view. In this example. the gearshift 
is now in perfect position as it is midpedicle. G: Care should be taken to avoid guidewire migration with screw insertion. 
H: AP radiograph after the L5 screw was repositioned demonstrates final construct. 
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FIGURE 18·14 
(Continued) 
1: Lateral radiograph of 
final construct. 

PART II Thoracolumbar Spine 

Proper understanding of the vertebral radiographic anatomy and the projections therein is 
essential for successful instrumentation. The authors carefully identify the anatomical location 
of the pediclea on the skin. The midpoint of the pedicle proximal-distal is identified (Fig. 18-14A). 
The lateral border of the pedicles is identified (Fig. 18-14B). A skin incision is performed 2 to 
3 em lateral to the lateral pedicle border. Lateral fascia should be incised generously to prevent 
difficulty with instrument angulation. If difficulty is encountered with percutaneous pedicle 
screw insertion, the authors lengthen the fascial incision longitudinally. The author bluntly dis
sects down to the TP with his finger and palpates the TP/facet junction. A Jim.-Sheedy needle 
is carefully introduced directly onto the upslope of the TP having just palpated it manually 
followed by radiographic confirmation. Percutaneous pedicle screws should start at the 3 or 
9 o'clock position on a true AP fluoroscopic image. The correct starting point anatomically 
is at the facetffP junction. The surgeon should take care that he/she is starting ventral enough 
that the instrument does not become entrapped in the facet joint. A common error with percu
taneous pedicle screws is starting the screw on the inferior articular process (too dorsal). This 
mistake is more likely if the skin incision is too medial. The pedicle is then cannulated with a 
Jim-Sheedy needle aiming medially. The Jim.-Sheedy needle should be marked at a length of 
15 mm from the skin. The needle is advanced approximately 15 mm at which point it should 
have traversed the pedicle (Fig. 18-14C). On the AP radiograph, the tip of the needle should 
have reached the midpoint of the pedicle. On a lateral view, the Jim.-Sheedy needle should be 
at the pedicle-vertebral body junction if in the correct position. The ideal position after the 
Jim-Sheedy needle has traversed the pedicle (prior to entering the vertebral body) is on the mid
point of the pedicle on an AP radiographic view and at the posterior vertebral body on a lateral 
view. If the needle is located at the medial wall of the pedicle after insertion 15 mm but is still 
within the pedicle on a lateral view, then the trajectory is too medial and the screw will likely 
be medial. If the needle is at the midpoint of the pedicle on an AP view (Fig. 18-140) but is 
into the vertebral body on a lateral view, then the trajectory is likely lateral (Fig. 18-14E). If the 
needle tip is in the incorrect position, then the needle should be withdrawn and reinserted. The 
best result is obtained if an entirely new trajectory is selected. In the case of difficulty with screw 
insertion, an oblique transpedicular view ("owl's eye," "Scotty dog") may be obtained. On this 
view, the Jim-Sheedy should be inserted 15 mm and should remain within the outline of the 
pedicle (Fig. 18-14F). After successful cannulation, a guidewire is advanced through the needle 
to engage the vertebral body. The Jim-Sheedy needle is then removed carefully to ensure that 
the guidewire is not also simultaneously removed. A cannulated tap is then introduced over the 
guidewire. Care should be taken to monitor the guidewire to ensure that the tip is not advanced 
with the advancing tap or screw insertion (Fig. 18-140). Then the tap is removed, and the screw 
is introduced over the guidewire. Then a sleeve may be introduced over the screw, and the screw 
can be tested with dynamic triggered EMG. Final AP (Fig. 18-14H) and lateral views should be 
obtained (Fig. 18-141). 
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POSTOPERATIVE MANAGEMENT 

The authors recommend postoperative immobilization in a brace for 10 to 12 weeks depending on 
the injury and the patient's risk factors. Spinal cord injury, smoking, and burst fracture oomminution 
are relative risk factors for late kyphosis. 

Spinal cord injury patienb1 require careful consideration for prophylaxi1J for soft tiuu.e dectJbiti, 
pulmonary complications, gastrointestinal ulceB, and deep venous thrombosis. In particular, deep 
vein thrombosis (DVI') is particularly common in spinal COid injury patients, and therefore, we begin 
chemoprophylaxis on patients for DVT either immediately or on postopecative day 3 depending if a 
decompres&ion is performed. 

COMPLICATIONS 

Complications may be grouped into the following categories: local and general. 
Local complications include screw malplacement, traumatic durotomy, spinal cord injury, nerve 

root injury, wound infection, and hematoma. Wrong-level surgery is most common in the tho
racic spine. Common causes of wrong-level surgery include open S1-52 interspace (Fig. 18-14), 
inadequate C-arro penetration due to patient body habitus, arm boards overlying the spine, fractured 
posterior elements, or misinterpretation of landmarks in the wound. Complications can occur during 
positioning. Patients who had signi1icant baseline kyphosis due to spondyloarthropathy (Fig. 18-15) 
should be supported in their position of kyphosis throughout the surgery. Chest pads and iliac crest 
pads should be manipulated to maintain kyphosis. Neurologic monitoring after positioning is helpful 
to determine if there are any complications due to the positioning. Laminectomy alone is inadequate 
to treat thoracolumbar trauma as patients will develop late kyphosis and instability (Fig. 18-16). 
Instrumentation can be malpositioned. Lateml malpositioned instrumentation in the thoracic spine 
generally endangers the great vessels. For this reason, the authors place &CieWS S mm. shorter on 
the left side to reduce the danger to great vessels in the event of lateral screw malpositioning. The 
natural history of instrumentation adjacent to the great vessels has not been well defined. Several 
case reports have been described of intravascular migration (3). However, at least one retrospective 
case series desco"bed no cases of vascular injury during a 5-year postoperative follow-up period (6) 
(Fig. 18-17). Medial screw malpositioning endangeiS the spinal cord. Infection can occur after any 
spinal surgery but is particularly increased after spinal trauma. 

FIGURE 18-15 
Patient with open S1 - S2 interspace, which can 
confound identification of correct levels with 
intraoperative localization. 
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FIGURE 18-16 
Patient with significant pre
operative kyphosis due to 
spondyloarthropathy. Care should 
be taken during positioning to 
avoid iatrogenic displacement. This 
patient will be highly unstable in 
extension. Positioning this patient 
into excessive extension may result 
in translation or instability and 
ultimately spinal cord injury. 

FIGURE 18-17 
Patient with postlaminectomy kyphosis after treatment 
of a thoracolumbar burst fracture. 
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A B 

FIGURE 18·18 

A: Lateral thoracic pedicle screw at T6 is near the aorta. B: Bilateral medial pedicle screw breaches at T11 in the impinged 
distal spinal cord. 

General complications include thromboembolic disease (8), ileus, decubiti, pneumonia, and other 
unanticipated medical complications (Fig. 18-18). 
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Instrumentation 
Techniques for 
Spinal Deformity 

Han Jo Kim, Lawrence G. Lenke, Yongjung J. Kim, and Anthony S. Rinella 

P 
ediclc screw instrumentation bas improved rigid fixation of the spine, lessening the 
need for anterior procedures while providing improved corrections. At our institution, 
spinal deformities are rarely approached with a combined anterior/posterior approach. 
We routinely use only the posterior approach for the vast majority of defomritics. There 
are many benefits to using pedicle screws compared to hooks or sublaminar wires. Three-

column fixation provided by the pedicle screw has shown biomechanical superiority and greater 
pullout streng1h (1,6). In addition, the ability to address the anterior column provides a greater abil
ity to control for spinal deformity correction in the coronal, sagittal, and axial planes. In addition, 
fewer vertebral motion segments may need to be instrumented while obviating the need for any 
postoperative bracing. Other benefits include secure fixation during revision surgery settings where 
the posterior elements might be distorted or nonexistent (i.e., laminectomy) as well as to adequately 
stabilize the spine after three-column osteotomies. In patients with spinal deformity, pedicle screw 
fixation has demonstrated greater three-dimensional correction with decreased rates of curve pro
gression and higher fusion rates (2,7-10). This bas allowed for improved chest wall correction and 
improved pulmonary function particularly in adolescent idiopathic scoliosis (AIS) by obviating the 
need for thoracoplasty. 

The majority of this chapter concentrates on the advantages and techniques of using pedicle 
screws in the thoracic and lumbar regions of the spine, with an emphasis on deformity analysis, 
surgical planning, and techniques for instrumentation and correction. For the purposes of simplicity 
and clarity, we will focus on adolescent idiopathic deformities. However, these techniques can be 
applied to adult defmmities as well. 

INDICATIONS/CONTRAINDICATIONS 

The indications for surgery in adolescent idiopathic deformities (scoliosis and Scheuermann kypho
sis) are consistent in the literature. Long-term studies have demonstrated that larger curves (greater 
than 45 degrees) in the coronal plane tend to progress into adulthood, and surgical stabilization 
should be considered. Additional considerations are patients who have pain, which is refractory 
to physical therapy and other conservative methods for management. It is not advisable to man
age adolescent back pain with narcotic use. 1)'pically, patients may have pain along the convexity 
of the curve after activity or with muscle spasms along the concavity. However, in patients with 
Scheuermann kyphosis, pain along the low« thoracic spine or distal to the kyphosis is typical due to 
compensatory lumbar hyperlordosis. In eith« case, the pain should resolve when lying down, and 
this is a good indication of whether surgery would be helpful However, back pain alone is not a 
good indication for surgery and provides less predictable surgical outcomes. 249 
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Surgery is indicated in patients with progressive scoliotic curves greater than 45 degrees, with or 
without back pain, that have not obtained relief from physical therapy and for patients with a signifi
cant amount of distress from the appearance of their deformity (rib hump, gibbus). 

PREOPERATIVE PREPARATION 

Deformity Analysis 

The selection of appropriate fusion levels, aiming to maximize correction while fusing the least 
levels as possible, is an important consideration in spinal deformity surgery. For AIS, the Lenke 
et al. (7) classification simplified and clarified the decision-making process by including all curve 
types and sagittal plane measurements in addition to the flexibility theories postulated by King 
et al. (4). Proximal thoracic (PT), main thoracic (MT), and thoracolumbarflumbar (TilL) curves 
are analyzed, in addition to thoracic sagittal measurements (T5-T12), with special attention given 
to the thoracolumbar junction (Tl0--L2). Structural and compensatory curves must be differenti
ated. Briefly, all major curves (largest Cobb measurement) greater than 40 degrees are considered 
"structural," whether the curve decreases to less than 25 degrees on side-bending radiographs or not. 
For all other minor curves, those that decrease to less than 25 degrees are considered "compensa
tory" and nonstructural, which generally do not need to be fused. Correspondingly, those that side 
bend greater than 25 degrees are considered structural minor curves, which generally do need to be 
fused. Sagittal measurements of the thoracolumbar junction must be considered, because a kyphotic 
angle that is greater than or equal to 20 degrees in this region (T10--L2) implies a double major 
curve, regardless of coronal flexibility measurements. Specific measurement ratios must be taken 
into account with flexibility measurements close to the 25-degree threshold. The initial goal of these 
ratios was to help distinguish true and false double major curves within the King et al. (4) system; 
however, they apply today to threshold values in the Lenke et al. (7) system as well. 

In analyzing scoliosis, the relative Cobb angles, apical vertebral translation (A VT), apical vertebral 
rotation (AVR), sagittal plane measurements, as well as shoulder balance and pelvic obliquity should 
be considered. The thoracic AVT is the distance from the center of the vertebral body at the thoracic 
apex to the C7 plumb line (C7PL). Similarly, the TilL AVT is measured from the center of the lum
bar apical vertebral body to the center sacral vertical line (CSVL). When the patient is perfectly bal
anced, the C7PL and CSVL are the same. The AVR is assessed using the Nash-Moe rotation index, 
which is graded on a scale from 0 to 4 where 0 is neutral or no rotation to grade 4, which is the most 
severely rotated (one pedicle is invisible, and the contralateral pedicle crosses the midline). 

In analyzing kyphosis, the normal sagittal plane parameters are measured including the thoracic 
kyphosis from T2-T5 to T5-T12, the thoracolumbar kyphosis from TlO to L2, and the lumbar 
lordosis, which is measured from L1 to S 1. In addition, we also consider the maximum kyphosis, 
which is measured from the vertebral endpoints showing the maximum deformity. Then, to consider 
sagittal balance, the sagittal sacral vertical line is used. Recently, occipitocervical parameters have 
been introduced (3). They provide guidelines for the orientation and position of the skull in relation 
to the cervical spine as well as the thoracic spine in relation to the maintenance of forward gaze and 
global sagittal balance. 

Clinical assessment of the deformity is also an important aspect of deformity analysis. It is not 
unusual for curves with lower magnitudes to demonstrate large clinical deformities, or vice versa, 
where curves with larger magnitude only have smaller amounts of clinical deformity. This infor
mation is important for the surgical decision-making process with regard to the selection of fusion 
levels. For example, large clinical deformities might make selective fusions a less likely option in 
selecting fusion levels. This clinical impression should be correlated with standing, supine, and 
push-prone radiographs. Frequently, analysis of the relative heights of the clavicles, coracoid pro
cesses, and the T1 rib angle in relation to horizontal line can help predict postoperative shoulder 
position. These images can help determine rigid curves, which might require osteotomies for cor
rection. During the clinical exam, it is important to note which shoulder is higher as supine or push
prone radiographs may indicate the contralateral shoulder to be higher. This is usually due to the 
flexibility of the lumbar or MT curve, or the rigidity of the PT curve, which is important to consider 
when determining fusion levels and the amount of correction desired as to not overcorrect the MT 
curve, thus resulting in shoulder imbalance. 

Selection of Fusion Levels 

To determine endpoints of the fusion, radiographic considerations are based on the Harrington stable 
zone and the neutral vertebra in addition to the aforementioned assessment of the clinical deformity 
present. The stable vertebra is the most proximal TilL vertebra bisected by the CSVL. This lower 
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endpoint is considered to be the most safe, but frequently we can stop one to two levels short of the 
stable vertebra, depending on rotation, curve magnitude, flexibility, coronal and sagittal balance, 
as well as other factors. Review of supine, push-prone, and lateral bending radiographs provides a 
sense of the postoperative balance. As a rule, the lowest instrumented vertebra (LIV) can be chosen 
as the most cephalad TilL vertebra "touched" by the CSVL (Fig. 19-1) unless a significant amount 
of rotation exists at this level. 

To determine the proximal endpoint of the fusion, shoulder position as well as ftexibility and 
size of the PT curve must be taken into consideration. Under conditions where the PT curve is 
inftexible, where the supine or push-prone radiographs demonstrate contralateral shoulder eleva
tion, or the upright clinical position of the contralateral shoulder is high, we usually extend the 
fusion proximally to T2. By "contralateral shoulder,'' we mean the shoulder opposite the main 
curve: that is, the left shoulder for a right thoracic curve or the right shoulder for a left lumbar 
curve. When the PT curve is somewhat flexible or the shoulders are in neutral position, we con
sider fusing to T3, whereas with flexible PT curves or a low contralateral shoulder, we typically 
fusetoT4. 

When performing selective fusions, the degree to which the compensatory curves must accom
modate must be considered. For thoracic major curves, mtios for all tlu:ee variables of AVT, AVR, 
and curve magnitude between the MT and TL-L are used to determine curves, which may be able 
to undergo a selective fuaion. Ratios that are close to 1.0 imply similar deformity characteristics to 
both curves; therefore, both curves should be fused. Ratios great« than 1.2 imply a false double 
major pattern, and selective fusion should be strongly considered. For TilL major curves, the mtio 
is inverted (TL/I..rMT), and a threshold of 1.25 is used. These are rough guidel.ines, which can 
provide some insight into how the compensatory curve will behave under the setting of a selective 
fusion. 

The LIV should be tilted to allow for smooth transition into the compensatory curves. For type 
A coronal lumbar modifiers in the I...enke et al. (7) classification, the distal endplate of the LIV can 
often be corrected to horizontal. Mild tilt is allowed for the LIV of type B modifiers (CSVL touches 
the apical concave pedicle or medial vertebral bc:xl.y). For type C modifiers (CSVL lies medial to 
the apical lumbar vertebral body), an appropriate degree of tilt must be allowed. Intraoperative 
mdiographs can aid in detmmining the remaining tilt of the LIV; however, supine and bending 
radiographs can help in the estimation. 

In kyphotic deformities, sagittal plane considerations govern the fusion levels. We use the 
sagittal stable vertebra (SSV) concept to assess the correct distal level for fusion. The SSV is the 
vertebra touched by the posterior sacral vertical line. In some cases, this line might barely touch 
the anteroinferior comec of the vertebrae making the decision for selecting the distal fusion level 
ambiguous. H so, attention is turned toward the orientation of the adjacent disc space. If the proximal 

FIGURE 19-1 
Center sacral vertebral 
line touching L2, which 
was selected as the LIV. 
Successful posterior spi
nal fusion was performed 
with good alignment 
maintained at 5-year 
follow-up radiographs. 
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disc space is lordotic, this vertebra is usually safe to choose as the distal fusion level. The next step 
is to locate the apex of the kyphosis on upright x-rays, which helps to determine the proximal level 
for fusion. For example, if an apex of the kyphosis is at TS and the SSV was L2, we will usually 
maintain symmetry of the construct and extend the fusion roughly the same extent proximally 
(in this example, to T2). 

Osteotomy Selection 

Osteotomies can be excellent corrective tools for spinal deformities in the coronal and/or sagittal 
plane. The selection of the type of osteotomy will depend on the type, character, flexibility, and loca
tion of deformity. This information can be obtained from the radiographs as well as advanced imag
ing such as computer tomography (CT scans) and magnetic resonance imaging (MRI). Radiographs 
can be used to assess the rigidity of the curve, and CT scans and MRI can be used to assess the pos
terior elements and the anterior discs to assess flexible versus fixed segments. Generally speaking, if 
there is an area with prior anterior and posterior column fusions, a three-column osteotomy (pedicle 
subtraction, vertebral column resections) will be the only method capable of achieving correction. 
On the other hand, if the anterior column is not fused, posterior column osteotomies (Smith-Petersen 
or Ponte) may be sufficient. In addition, the magnitude and angularity of the deformity is important 
to consider. For example, smaller sagittal plane deformities may benefit from posterior column 
osteotomies alone, while those with a larger sagittal imbalance may need a three-column osteotomy 
(pedicle subtraction) to obtain sufficient correction. We usually perform pedicle subtraction osteoto
mies in the lumbar spine for fixed sagittal imbalance greater than 15 em. 

It is important to remember the general concept that posterior column-based osteotomies lengthen 
the anterior column, while three-column osteotomies shorten it. Therefore, MRI is useful for assess
ing anterior column structures. For example, in cases of kyphosis, it is essential to evaluate the 
quality of the thoracic discs when planning osteotomies. When there are significant disc bulges, 
posterior column osteotomies can result in stress load transfer to the disc space, thereby resulting 
in intraoperative disc herniation that can impinge on the spinal cord. In addition, MRI will show 
the amount of space available in order to determine whether a posterior column osteotomy can be 
performed without inadvertent risk to the spinal cord. In such cases, it may be safer to perform a 
three-column osteotomy, and the decision to proceed will rely on surgeon preference and comfort 
with performing them. 

TECHNIQUE 

Pedicle Screw Placement 

It is essential to become comfortable with the anatomy in order to minimize errors in finding the 
pedicles as well as to ensure that good fixation points are achieved with every pedicle screw. The 
starting points for all thoracic screws are slightly variable and based on the posterior element anat
omy visualized intraoperatively. This anatomy includes the transverse process, the lateral portion of 
the pars interarticularis, and the base of the superior articular process. Usually the supine preopera
tive film is very helpful for localizing the ideal starting point because of prone positioning during 
surgery. It is also beneficial to place each screw in a position parallel to the superior endplate of 
the thoracic spine as to maximize the strength of the fixation. We aim perpendicular to the lamina 
in the lower thoracic spine, where the facet joints are moving from a horizontal/coronally oriented 
position proximally to a vertical/sagittally oriented position in the lumbar spine. In the midthoracic 
spine, we aim perpendicular to the starting points at the junction of the transverse process, the facet, 
and the lamina. 

In general, the surgeon should visualize the starting point based on as much anatomic informa
tion as possible and should always start from the neutrally rotated and distal vertebra. In starting 
distal at T12, there is a trend toward using a more medial and cephalad pedicle starting point on 
the posterior elements as the surgeon proceeds toward the apical midthoracic region (T7-T9). 
Proximal to this, the starting point tends to be more lateral and caudal as the surgeon proceeds 
more proximal to the T 1 level. It is advantageous for the surgeon to note these trends when placing 
a screw at each level in succession, working in a distal-to-proximal direction in the thoracic spine, 
and to make fine adjustments to the trajectory of the previous level's screw or contralateral screw. 
It is also important to have smooth transitions between each screw for easy rod placement. When 
performing a selective thoracic or lumbar fusion, the surgeon must remember that the pedicles may 
be smaller in the concavity of the upper or lower compensatory curves. If hooks are used during 
the procedure, they are typically placed at the level of the uppermost thoracic vertebra because of 
the small pedicle size on the PT concavity. We routinely implement the free-hand pedicle screw 
placement technique. 
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In order to do this, however, the facet joints must be thoroughly cleaned and partially osteotomized 
to enhance visualization and fusion (Fig. 19-1 ). The inferior 3 to 5 mm. of the inferior facet and the 
articular cartilage on the superior facet are removed except for at the most distal and most proximal 
levels. Adequate visualization of the superior articular process for irnagjnary Localization of the 
ventral pedicle is essential for finding the correct starting point. This method provides consistent 
and com:ct localization of the starting points and obviates or minimizes the need for intraoperative 
radiography, fluoroscopy, or computer-guided systems. 

FlrSt, a 5.5- or 3~mm bur (depending on patient size) is utilized to create a posterior corti.cal 
breach to a depth of approximately S mm until the pedicle "blush" should be visualized; this sug
gests entrance into the cancellous bone within the pedicle. This may not be seen in smaller, apical 
concave pedicles because of the limited intrapedicular cancellous bone. H so, the funnel technique 
can be used to find the cancellous track. 

The blunt-tipped gearshift is placed in the pedicle and used to search for a cancellous bone 
indicating entrance to the pedicle (Fig. 19-2). The gearshift is initially pointed lateral as a safety 
measure to avoid medial wall perforation. The .inner diameter of the pedicle can be quite small; thus, 
the gearshift should be allowed to ''fall" into the pedicle. After the gearshift is inserted 20 to 25 mm, 
the gearshift is removed and the tip is turned to face medially and then advanced. The path down the 
pedicle is then continued medially into the body; use of the thoracic gearshift should proceed in a 
smooth and CODlli.st.eut manner with a snug feel. Any sudden advancement of the gearshift suggests 
a violation of a pedicle wall or vertebral body and should be investigated immediately in order to 
possibly salvage the pedicle and avoid complications. Usually, the ultimate depth averages 35 to 
45 mm for the lower thoracic region, 30 to 40 mm for the midthoracic region, and 25 to 35 mm for 
the PT region in adolescents and adults. The surgeon rotates the gearshift 180 degrees, making room 
for the screw after advancing the tinder to the approximate length of the desired screw. In addition, it 
allows the wider tip of the ball-tipped probe to extend the length that the gcarahift has been inserted. 
This allows for accurate as.sessment of tract length and, ultimately, screw length. When using the 
ball-tipped pedicle probe, bone should be felt along the entire length of the pedicle {F1g. 19-3). 

Once the ball-tipped pedicle probe confu:ms the five intraosseous borders (medial, lateral, supe-
rior, inferior, and anterior cortex of the vertebral body), the surgeon marks the length of the tract 
with a clamp. If the tract appears too shallow, consideration should be given to replacing the gear
shift and advancing it to the apptuptiate length. The pedicle tract is undertapped with a tap 0.5 to 
1.0 mm less in di8llleter than the intended screw (e.g., 4.5- or 5.0-mm tap for a 5.5-mm-diameter 
screw). If there i.s difficulty passing the tap, the surgeon should use the next smaller tap and retap 
the pedicle. If the pedicle i.s quite small or when more than one pass has to be made into a pedicle 
with the thoracic gearshift, a K-wire is placed down the pedicle tunnel into the body, and cannulated 
tapping can occur over that It is mandatory that a bone floor exist when K-wire is used so as not 
to advance the K-wire beyond the anterior or lateral cortex. If there is any question of whether the 
anterior wall is intact, a K-wire must not be used. 

Once the pedicle probe i.s removed, the tract is visualized to ensure a slow steady bleed from the 
pedicle tract. H excessive bleeding occurs, it might be an indication of an epidural vein secondary to 
a medial pedicle breach, and the screw may need to be redirected. Rarely, cerebrospinal fluid (CSF) 
may leak from the tract in which case the leak should not be explored. Placing bone wax over the 
defect will suffice and help prevent further CSF leakage. 

We select the screw diameter based on preoperative assessment as well as how the pedicle "feels" 
with the pedicle finder. Pedicle diameter transitions occur gradually; therefore, segmental fixation 
allows the surgeon to note the fine variations between levels, with the goal of maximum fit and fill 
of the screw within the pedicle. 

FIGURE 19-2 

Complete exposure and partial facetectomy. The spine is systematically exposed to the edge of the 
transverse process bilaterally. The inferior facets are removed with a 0.5-inch straight osteotome 
(down to T10) or a rongeur (below T10). A small curette is used to remove articular cartilage from 
the superior facet of the inferior vertebrae. 
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FIGURE 18-3 
Creating the pedicle tract. A: After establishing the starting point, the 2-mm curved gearshift is 
inserted. The gearshift is initially directed laterally to the depth of 20 mm (the approximate depth of 
the pedicle) to diminish the likelihood of medial pedicle perforation. B: Two views of the thoracic 
gearshift with millimeter-depth markings. C: The gearshift is then removed and redirected medially. 
It is important to make sure the gearshift is inserted completely to the 20-mm depth before advanc
ing. The surgeon should use the nondominant hand to brace the gearshift against sudden movement. 

Although the ideal screw diameter is 80% of the pedicle diameter, screws up to ll.S% of the 
pedicle diameter may be inserted without causing a significant decrease in the screw's holding 
power, because of plasticity of the pedicular cortex in pediatric patients (8). We have determined the 
screw diameter by using the internal diameter of the neutrally rotated spine as a reference diameter 
and the tightness of the tap. We can insert screws if the internal diameter of the pedicle is more than 
3 mm. After tapping, the pedicle tract is palpated again to make sure the five osseous borders are 
intact. This second palpation often allows palpation of distinct bone ridges, which helps confirm 
intraosseous position. and the tract length is remeasured with a clamp. 

"Hubbing" the screws have been shown in biom.echanical studies to reduce the pullout sttength 
of the pedicle screw and are not routinely performed unless there is insufficient soft tissue cover
age where screw profile prominence is an issue. This is rarely the case in AIS, although under adult 
revision settings for the thoracic spine, it might be more pertinent 

Correction Maneuvers 

The correction maneuvec is the most surgeon-dependent aspect of deformity surgery and typically fol
lows a distinct sequence. In performing correction ma:oeuvers, general concepts must also be remem
bered. Specifically, we must keep in mind that posterior compression is a lordosis-generating maneuver, 
and posterior distraction is a kyphosis generator. With this in mind, the concave rod is usually placed 
first for scoliosis, which is typically lordotic at the apex. While in kyphoscoliosis, the convex rod is 
usually placed first because corrective maneuvers of convex compression tend to remove kyphosis. In 
purely kyphotic deformities, the sequence of rod placement can occur from top-down or bottom-up. 
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Following pedicle screw insertion, the rods are measured and contoured into the sagittal and 
coronal plane alignment. It is often helpful to orient the cut end of the rod in a vertical direction 
while contouring to serve as a reference point. We typically secure the rod with two clamps and 
hold the rod over the wound to allow visualization during contouring. The rod tends to rotate with 
three-dimensional contouring; therefore, the use of two clamps and rod-reference orientation is 
helpful. 

For scoliosis correction employing multiple apical concave reduction screws, after the rod is con
toured, the concave rod is placed first and provisionally into the proximal fixation points. Usually, 
the proximal three to four fixation points are engaged, and set screws are placed temporarily into 
position to keep the rod engaged. Distally, the rod will be far from the pedicle screws. Then, with 
a combination of derotation and cantilever bending, the contoured rod is engaged into the pedicle 
screws distally along the apex of the curve, and set screws are placed to keep them engaged. The dis
tal set screws are then tightened resulting in reduction of the deformity. Once the distal three to four 
fixation points are tightened down, it will be evident that the rod is not completely seated along the 
periapical segments. Attention is then turned toward tightening the reduction set screws down along 
the apical region. As the reduction set screws are gradually tightened, the spine is posterior laterally 
translated resulting in the apical correction. Care is taken to move up and down the periapical region 
in tightening the set screws as well as to not place too much force on one fixation point This will 
distribute the forces evenly and will minimize the occurrence of screw pullout. Vigilant visualization 
of the screw/bone interface is essential at this point so that the correction maneuver can be modified 
or stopped if there is evidence of screw pullout. Once the rod is closer to fully engaging the rod along 
the apical region, distractors are used along the apex of the curve to fine-tune the correction and 
enhance apical kyphosis. Care is taken to proceed very slowly as to not exceed three to five clicks 
with the distractor over any given fixation point at one time. Once this is completed, the set screws 
are provisionally tightened, and attention is turned toward placement of the contralateral rod. The 
contralateral rod is contoured and placed allowing for apical compression along the convexity that 
can also help to fine-tune the reduction. Compression is performed slowly as to not exceed three 
to five clicks over any one level. In situ benders are then used to fine-tune the reduction further to 
ensure adequate sagittal plane parameters are contoured into the correction. This is done with the set 
screws loosely placed as to not compromise fixation points by placing too much stress on the screw 
with the bending moments caused by rod contouring. Finally, once the set screws are provisionally 
tightened, an assessment of the coronal balance is roughly assessed intraoperatively. Long-cassette 
radiographs are then taken to assess overall balance. 

In cases of kyphosis correction, the sequence of rod placement is less important. Usually, we will 
place both rods before the correction maneuver is initiated. Once the rods are secured at the apex of 
the kyphosis, a series of compression maneuvers are performed above and below the apex bilater
ally and simultaneously toward the apex to achieve correction. Several passes may be necessary to 
allow viscoelastic relaxation to occur and to ensure the bone-screw interface is not weakened or 
compromised. Long-cassette AP and lateral radiographs are taken to assess the instrumentation, 
correction, and overall balance. 

We routinely perform periapical posterior column osteotomies for the majority of scoliosis or 
kyphosis deformities. This allows for a thorough release of the ligamentous and bony attachments 
along the apical regions, which allows us to achieve a better correction and, more importantly, 
"frees" up the spinal segments to allow us to perform our corrective maneuvers with less resistance, 
resulting in less stress on the pedicle screw/bone interface. Three-column osteotomies are reserved 
for more severe and/or angular deformities or under revision settings where there maybe fused or 
rigid segments. 

POSTOPERATIVE MANAGEMENT 

Pediatric patients are typically observed in a pediatric intensive care unit setting overnight and 
then transferred to the pediatric orthopedic floor. They are placed on a patient-controlled analge
sia regimen and then oral narcotic medications once they are tolerating fluids and passing flatus. 
Physical therapy begins on postoperative day 1 with the patient sitting and then briefly standing 
with assistance on the 1st day. This is gradually progressed to ambulation independently on sub
sequent days. The Foley catheter is removed when a patient is ambulating well. Prophylactic anti
biotics are discontinued after the drains, and Foley catheter is removed, typically on postoperative 
day 3 or 4. Standing long-cassette AP and lateral radiographs are obtained when the patient is 
able to walk in the halls without difficulty. We do not routinely implement postoperative bracing. 
The patient may shower after discharge from the hospital at 2 weeks postoperative, if the wound 
is healing well. The patient also begins mild trunk range-of-motion exercises according to the 
comfort level. 
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COMPLICATIONS/RESULTS 

We studied the results of these techniques in 114 consecutive patients with AIS treated by the senior 
author at our institution with a minimum of 3-year follow-up (5). The average preoperative Cobb 
angle of the major curve was 65 degrees (range, 42 to 149 degrees). The postoperative Cobb angle 
of the major curve averaged 18.8 degrees (average correction, 71.8% ± 15.2%). The correction rates 
according to the Lenke et al. (7,9) curve classification system were 72.8% in type 1 scoliosis (41 
patients), 70.4% in type 2 (18 patients), 65.4% in type 3 (18 patients), 65.3% in type 4 (8 patients), 
77.8% in type 5 (5 patients), and 83.6% in type 6 (10 patients). No complications from screw inser
tion, such as neurologic injury, were noted with our techniques. 

CONCLUSION 

Thoracic and lumbar pedicle screw instrumentation minimizes complications resulting from implant 
failure or dislodgment while providing three-column fixation of the spine. Using our techniques, we 
have not seen neurologic complications related to pedicle screw placement to date. The tremendous 
three-dimensional correcting power of pedicle screws has allowed us to obviate the need for anterior 
surgery, and in the last 7 years, we have not needed to perform AIS surgery with an anterior and 
posterior combined approach regardless of curve magnitude. This has clearly redefined how scoliosis 
is operatively managed at our institution. 
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Sigurd H. Berven and Praveen Mummaneni 

INDICATIONS/CONTRAINDICATIONS 

Posterior-based osteotomies contraction (PSO) in the lumbar spine encompass a spectrom of 
techniques that are intended to realign the spine through resection of posterior elements with vari
able resection of the anterior column of the spine. The spectrum of posterior-based osteotomies is 
liab:d in Table 20-1. The spectrum of osteotomies is a continuw:n. and the osteotomy techniques 
share steps including resection of the facet joints, decancellation, and partial or complete car
pectomy from a posterior approach. The spectrum of osteotomies begins with a resection of the 
facet joints alone and realignment of the spine with an axis of rotation at the anterior longitudinal 
ligament in a mobile spine (type 1) or anterior column osteoclasis through a rigid spine (type 2). 
Decancellation of the vertebral body through the pedicle permits a controlled fracture of the ante
rior column and may be useful in realigning the spine in the coronal and sagittal plane, as described 
by Heinig in the "eggshell osteotomy" (type 3). The lumbar pedicle subtraction osteotomy is a 
wedge resection of the vertebral body from below the pedicle to the anterior cortex of the vertebra, 
and the wedge resection may be entirely intraosseous with a hinge on the superior third of the 
vertebral body (typeS) or at the supraadjacent disc (type 6). Finally, a posterior resection of one or 
more vertebra and discs may be useful in treating more complex deformity including translation of 
the trunk. The purpose of this chapter is to describe the technique of the lumbar pedicle subtraction 
osteotomy. 

The lumbar pedicle subtraction osteotomy (transpedicular vertebral wedge resection) is a use
ful technique for the operative correction of both sagittal and coronal plane deformity (4). The 
clinical impact of deformity is determined and predicted primarily by the sagittal plane (12,18). 
The primary indication for the technique is correction of sagittal plane deformity in the patient 
who has had a previous circumferential fusion of the spine. The transpedicular wedge resection 
technique was first described by Thomasen (27) in 1989 for the management of fixed sagittal 
plane deformity in ankylosing spondylitis. Common etiologies of fixed sagittal plane deformity 
include ankylosing spondylitis, or iatrogenic causes of fixed sagittal plane deformity including 
flatback syndrome (8) and kyphotic detOlllpensation syndrome (10). More generally, lumbar spine 
kyphosis with variable degrees of rigidity may be the result of degenerative change, congenital 
anomaly, trauma, neoplastic disease with pathologic fracture, or infection. The rigidity of lumbar 
kyphosis and the apex of the deformity are important determinants of the surgical approach. In 
a spine with a mobile anterior column, or a flexible deformity, posterior-based osteotomies with 
facet resection and deformity correction through the disc space or osteoclasis of the anterior col
umn may be useful. In a spine with an apex of deformity at lA or LS, a combined anterior and 
posterior approach to the spine may be useful in recreating lordosis at the lumbosacral segments 
and correcting a rigid coronal obliquity of a fractional curve from lA to S 1. The lumbar pedicle 
subtraction osteotomy may be used at any level of the lumbar spine and is most useful for rigid 
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TABLE 20·1 Spectrum ot Posterior-Based Osteotomies 

1'IPI Dllll'lpllan 

1 

2 

3 

4 

5 

6 

Resection of posterior elements from 
mid-pars above to pedicle below with 
realignment of the spine through hinging 
through a mobile disc anteriorly 

Resection of posterior elements from 
mid-pars above to pedicle below with 
realignment of the spine through hinging 
through the anterior column of the spine 
which is ankylosed. The opening involves 
osteoclasis rather than movement through a 
mobile intervertebral disc 

Posterior -based transpedicular 
decancellation of the vertebral body 
with realignment through controlled fracture of the 
anterior column 

Posterior -based intraosseous wedge resection 
of the vertebral body with realignment through 
osteoclasis of the proximal third of the anterior 
vertebral body 

Posterior·based wedge resection with extension 
of the osteotomy into the supraadjacent disc and 
realignment hinging on the anterior column at the 
intervertebral space 

Posterior-based vertebral column resection 
including one or more vertebra with adjacent discs 

Ponte 

Smith-Peterson 

Heinig 

Thomasen 

Modified Thomasen 

Suk 
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deformity, which requires resection of bone including a portion of the anterior column for mobi
lization and realignment. The technique may also be used above the level of the conus including 
the cervical and thoracic spine. 

The lumbar pedicle subtraction osteotomy fits best in the spectrum or posterior-based osteotomies 
as an option for patients with a sagittal deformity that is correctable with an apical resection of 
approximately 30 degrees and coronal imbalance less than 8 em (1). Although the lumbar pedicle 
subtraction osteotomy may be used in the patient with open disc spaces and mobility of the anterior 
column of the spine, the authors prefet to use a combined anterior and posterior approach (5), or 
posterior-based osteotomies as described by Ponte for d:le patient with a mobile anterior column 
as these techniques permit a more gradual and harmonious realignment of the spine through the 
creation of trapezoidal intervertebral disc spaces (11). If osteoclasis is possible for the anterior 
column, the Smith-Peterson osteotomy may be useful to create segmental realignment (23). In the 
patient with a severe lumbar kyphosis that requires more than 40 degrees of correction, or trunk 
translation and coronal imbalance greater than 8 em, a vertebral column resection may prove more 
advantageous (6,26). 

PREOPERATIVE PREPARATION 

Patient Assessment 
The patient with a fixed sagittal plane imbalance presents with an inability to maintain horizontal 
gaze, fatigue to the thighs and hips, and back pain that is often intractable. Normal sagittal align
ment of the spine follows a vertical axis from the center of C2, in front of T7, behind L3, and to 
the posterior margin of the sacrum (Fig. 20-1). Forward displacement of C7 relative to the pelvis 
may be due to regional malaligmnent in the lumbar, thoracic, and cervical spine. Extraaxial causes 
of global sagittal malalignment may commonly be caused by hip flexion contracture, especially 
in older patients, patients with neuromuscular scoliosis, and patients with ankylosing spondylitis. 
A differentiation of the anatomic source of sagittal plane deformity may be gleaned from a thor
ough physical examination. On standing, the patient's deformity is best appreciated with the knees 
fully extended. On sitting, if sagittal balance corrects or if the trunk appears with good balance 
relative to the pelvis, then a hip flexion contracture may be the cause of sagittal plane malalign
ment. A hip flexion contracture can be demonstrated using the Thomas test. If the patient remaina 
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FIGURE 20·1 
Normal sagittal align
ment of the spine. 
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with forward displacement of the occiput relative to the pelvis on sitting, then the patient should 
be evaluated in the supine position. In the patient with deformity localized to the lumbar spine, 
the patient will be able to lie with shoulders on the table in the supine position with flexion of the 
knees and extension of the hips. In contrast. if the patient remains with head and upper thoracic 
spine elevated from the table in the supine position, fixed deformity in the cervical and/or thoracic 
spine is likely. 

The patient with fixed sagittal imbalance will present with a characteristic stance and gait 
pattern. Patients extend at the hips and flex at the knees in order to maintain sagittal balance. This 
compensatory mechanism leads to significant fatigue of the quadriceps and limited standing and 
walking tolerance. Patients typically walk with short steps and may require a walker for support in 
cases of more severe imbalance. The patient with a wide-based gait or ataxia should be evaluated 
for myelopathy and possible spinal cord pathology. Hip extension may be quantified by measuring 
the pelvic tilt radiographically. On clinical exam, extension of the hips is identifiable by inspec
tion of the position of the anterior superior iliac spine compared with the posterior superior iliac 
spine and by an apparent flattening of the buttocks. The cervical spine may also be affected by 
global deformity in the thoracic and lumbar spine, and neck pain is a common clinical complaint 
of patients with sagittal deformity due to hyperextension of the cervical spine to maintain hori
zontal gaze. 

Radiographic Evaluation 
Standing 14 x 36 inch radiographs in the posteroanterior and lateral projections are most useful for 
an assessment of the global and regional alignment of the spine. The lateral radiograph represents the 
spinal deformity most accurately with the knees fully extended and the shoulders at 30- to 60-degree 
forward flexion (28). Placing the proximal interphalangeal joints in the clavicular fossa may result 
in a more accurate radiographic assessment of sagittal alignment and less radiographically appar
ent sagittal malalignment than having the arms in 60 degrees of forward flexion (13). Inclusion of 
the proximal femur in the lateral view permits an assessment of the femoropelvic contribution to 
sagittal deformity and measurement of pelvic tilt and pelvic incidence (Fig. 20-2). Normal lumbar 

FIGURE 20·2 
Measurement of lumbopelvic parameters. 
PT, Pelvic tilt; PI, Pelvic incidence; 
SS, Sacral scope. 
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lordosis is closely correlated to the pelvic incidence. Realignment of the spine should aim to match 
lumbar lordosis to within 10 degrees of pelvic incidence (1). Patients with a high pelvic incidence 
may require significantly more than 40 degrees of lumbar lordosis for optimal sagittal alignment of 
the spine. Even small losses of segmental lordosis in the lower lumbar spine may translate to large 
changes in global alignment between C7 and the sacrum. Flexion and extension radiographs, includ
ing imaging over a bolster, are useful to determine the flexibility of the deformity above and below 
the planned osteotomy. 

Magnetic resonance imaging is most useful in assessing the space available for the neural 
elements, especially in the region of the planned osteotomy. In the presence of spinal 
instrumentation, a computerized tomogram with myelography can provide accurate imaging 
of the spinal canal. Computerized tomography may also be useful in measuring ankylosis of 
motion segments and rigidity of the spine. An assessment of spinal stenosis is particularly 
important in the patient in whom an anterior first stage may be considered for deformity cor
rection because introduction of lordosis in a stenotic lumbar spine may lead to significant loss 
of space for the neural elements and neurologic deficit. If significant stenosis is present on 
preoperative imaging of the spinal canal, special care must be taken to first decompress and 
then to mobilize the posterior portion of the intervertebral space with parallel distraction of 
the disc space to avoid hinging of the intact posterior longitudinal ligament and worsening the 
stenosis. 

Measurement of Wedge Resection and Prediction of Correction 

Sagittal alignment of the spine may be considered at the segmental, regional, and global levels. The 
goal of segmental alignment of the spine is the creation of trapezoidal intervertebral disc spaces, 
either through segmental lordosis across the disc space or through lordosis over an interbody 
implant. The goal of regional alignment of the spine is thoracic kyphosis in the physiologic range of 
30 to 40 degrees (29). There is significant variability in normal lumbar lordosis, and matching lum
bar lordosis to the pelvic incidence is an important goal of regional realignment of the spine (19). 
At the cervicothoracic junction, restoration of a chin-brow angle to neutral is an important goal 
(25). An accurate assessment of the amount of correction to expect from a single-level transpe
dicular wedge resection may be made using the 36-inch preoperative lateral image and basic trigo
nometry. The amount of global realignment of the spine from a transpedicular wedge resection 
osteotomy is a function of the level of the osteotomy, with more correction at lower levels, and 
by the size of the wedge resected. Ondra et al. described a mathematical model for the prediction 
of sagittal plane realignment after pedicle subtraction osteotomy (PSO) (30). The transpedicular 
wedge resection will leave the height of the anterior column intact, but the posterior column will be 
compressed as a wedge, the height of which equals the height of the planned resection. An impor
tant limitation of this technique is that the sagittal offset of the C7 plumb line from the sacrum may 
underestimate the actual global sagittal plane deformity. Pelvic tilt is an important component of 
sagittal plane alignment. Unintended reciprocal changes of the uninstrumented thoracic spine and 
the femoropelvic junction may be difficult to predict and may compromise overall sagittal plane 
realignment (15). 

TECHNIQUE 

Positioning 

Patient positioning is an important portion of the correction of deformity (24). In the patient 
with a mobile spine, prone positioning on a Jackson frame may directly result in significant 
improvement in sagittal alignment and may influence the decision to perform a PSO com
pared with an osteotomy of the posterior facet joints only. Intraoperatively, resection of the 
facet joints with the patient extended over a chest and pelvic frame may also lead to sig
nificant spontaneous sagittal plane correction during the early stages of the osteotomy and 
may influence the type of osteotomy to pursue. The patient with a fixed sagittal plane defor
mity presents a challenge for positioning in both the supine and the prone position. In the 
supine position for intubation, the patient will require head support and elevation because 
the shoulders may be elevated from the table. Fiberoptic nasotracheal intubation facilitates 
visualization of the true vocal cords in the patient with significant deformity and rigidity in 
the cervicothoracic region. 
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In the prone position, the patient with a fixed sagittal plane deformity in the lumbar spine 
may not fit well on a standard four poster, with incongruity between the pelvis and the hip 
pads, and the ribs and the chest pad that may lead to point loading of the skin and skin break
down. We prefer to use a technique with two separate posts each for the chest and the pelvis. 
In separating the posts, we may flex the operating room table to accommodate the preoperative 
deformity and permit the chest and pelvis to be congruent with the contour of the post. The 
hips are positioned in full extension, with care to keep pressure off of the patella and other 
bony prominences including the elbows and periorbital region. After the osteotomy is complete, 
reversal of the flexion of the table permits and facilitates a controlled closure of the wedge 
resection. 

Surgical Approach 

The posterior approach to the spine is a standard midline open approach. A subperiosteal dis
section is completed to the level of the transverse process tips of the segments to be fused. The 
spine is exposed at least from a level at least two segments above the planned osteotomy to at 
least two segments below, because stable internal fixation requires instrumentation to two of 
three segments above and below the osteotomy at a minimum. Pedicle screws are placed at the 
levels above and below the osteotomy. In order to include three segments below the osteotomy, 
the instrumentation may extend to include the ilium using one or two iliac screws (Galveston 
technique). 

At the level of the planned lumbar pedicle subtraction osteotomy, the transverse processes are 
removed and saved for local bone graft. Using a Penfield elevator followed by a small osteo
tome, an interval between the lateral walls of the vertebra and the psoas muscle is developed, 
just lateral to the pedicle. The exiting nerve root from the level above the osteotomy is protected 
within the psoas muscle. By remaining at the level of the pedicle, the segmental vessels are 
avoided. A sponge or retractor is useful to preserve the exposure of the lateral cortex. Adequate 
exposure and subsequent wedge resection of the lateral cortex is critical for an effective, low
energy osteotomy closure. Decompression of the spinal canal begins at the lamina of the ver
tebra to be osteotomized. The margins of the posterior resection are from the mid-pars of the 
vertebra above to the pedicle of the vertebra below. It is important to extend the decompression 
to at least one level above and one level below the pedicle subtraction, meaning a partial or 
complete laminectomy of L3 and LS if the L4 pedicle is to be resected. If a wide decompression 
is not accomplished, the posterior elements may impinge upon the spinal canal with the wedge 
closure. 

After a wide midline decompression, the remaining posterior elements (the superior facet, the 
inferior facet, and the pars) of the vertebra to be osteotomized are removed. The goal in this por
tion of the surgery is to skeletonize the pedicles such that there is no remaining attachment to the 
pedicles bilaterally. After removal of the posterior elements, the remaining pedicle is visible as 
are the nerve roots above and below (Fig. 20-3). Fat and perineurium should be left around the 
nerve roots during this exposure. Hemostasis is maintained by bipolar electrocautery and thrombin
soaked Gelfoam. 

Excision of the pedicle effectively creates a single foramen shared by the nerve root above the 
osteotomy and the nerve root at the level of the osteotomy. Excision of the pedicle and partial 
corpectomy of the vertebra may be done with an osteotome and a direct wedge resection, or may 
be done with decancellation of the vertebra through the pedicle. In the process of decancellating 
the pedicle and vertebral body, the pedicle is thinned with a pedicle probe to the point of breaking 
spontaneously, to be removed with a pituitary rongeur. The technique of decancellation is especially 
effective in patients with osteoporosis and limits blood loss. In patients with more rigid or dense 
bone, use of an osteotomy to directly cut a wedge from the posterior elements is useful. The orienta
tion of the wedge resection is important. The nerve root exiting below the pedicle defines the inferior 
margin of the resection. The superior margin is defined by the superior endplate of the osteotomized 
vertebra (type 4 posterior osteotomy) or by the disc above (type 5 posterior osteotomy). If the disc 
above the osteotomy is to be included in the osteotomy, then a complete discectomy including 
meticulous endplate resection should be performed prior to starting the pedicle excision and partial 
corpectomy. Meticulous endplate preparation facilitates bone healing across the osteotomy when 
the disc is removed. 

Resection of the pedicles should proceed to one side at a time. Placing a temporary short rod 
from the pedicle screw above to the screw below will prevent translation of the spine and pre
serve the space for working ventral to the neural elements. On the side where the first pedicle is 
resected, extending the medial margin of the resection beyond the midline facilitates resection 
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FIGURE 20·3 
Isolation of the pedicles 
bilaterally after midline 
decompression with resection 
of the superior facet above, 
the pars interarticularis, and 
the inferior facet below. Large 
arrow-l3 pedicle; small 
arrow-thecal sac. 

of the residual posterior vertebral wall with excision of the second pedicle. Decancellation of 
the vertebra ventral to the posterior wall is achieved with a reverse angle C'Ul'ette and permits a 
simple resection of the thin posterior wall by ventral displacement using little fon:e. Any poste
rior vertebral wall that may remain after resection of the pedicles may be removed with a reverse 
angle C'Ul'ette pushing the posterior cortex ventral from the protected neural elements. A Penfield 
3 is useful to protect the neural elements during resection of the posterior corte.x of the vertebra. 
Wedge resection of the vertebral body is systematic, and the posterior height of the resection 
extends across tw~thirds or more of the vertebral body, while anteriorly the wedge ends just pos
terior to the anterior cortex of the vertebral body. It is easier to remove bone that is well anterior 
to the neural elements, and a tendency to resect bone from the anterior portion of the vertebra 
should be avoided as this will create a gap anteriorly that will remain after closure of the wedge. 
Asymmetric resection of bone from the right and left sides of the vertebra permits significant 
coronal plane realignment with osteotomy closure. The last portion of the vertebra to remove 
is the lateral cortex. The lateral cortex is easily visualized medial to the sponge or retractor that 
separated the vertebra from the psoas muscle. A wedge resection of the lateral cortex may be 
accomplished with a narrow rongeur or an osteotome. The anterior extent of the wedge should be 
near the anterior cortex of the vertebral body. 

Closure of the osteotomy is guided over temporary rods to prevent translation of the spine 
and compression of the neural elements. Loosening the set screws on the temporary rod that 
was used to maintain intervertebral height during the osteotomy will permit some spontaneous 
closure of the osteotomy after resection of the lateral wall. Temporary rods bent to 70 degrees 
may be placed two levels above the osteotomy and one level below to use a gentle cantilever 
technique to close the osteotomy. Gentle compression between the screw above and below will 
facilitate complete closure of the osteotomy. At the time of osteotomy closure, a Penfield may 
be used to confirm that the osteotomy is closed congruently. Temporary rods may be replaced 
by long permanent rods that span all of the instrumented segments of the spine. An alternative 
is to leave short rods across the osteotomy spanning one level above and below, and long rods 
spanning over the osteotomy level across the entire instrumented spine. The latter technique 
results in four rods across the osteotomy, which increases rigidity of fixation across the oste
otomy site (17). 
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PEARLS AND PITFALLS 

Potential pitfalls of the lumbar pedicle subtraction osteotomy include neural injury, excessive blood 
loss, and nonunion. Removal of the pedicle, decancellation of the vertebral body, and closure of the 
osteotomy are portions of the procedure in which the neural elements are at risk and bleeding may 
be quite brisk. Meticulous exposure of the osseous elements is useful in avoiding excessive bleed
ing. Use of a bipolar electrocautery on the epidural vessels and thrombin-soaked Gelfoam is useful 
to control bleeding prior to the osteotomy. A sharp periosteal elevator is used to dissect the soft 
tissue laterally to the base of the pedicle and anteriorly along the outer wall of the vertebral body, 
taking great care to avoid injury to the segmental vessels and exiting nerve roots. If there is a tear 
of the segmental vessel, bipolar electrocautery will control ventral bleeding. Blunt dissection with 
a surgical sponge in the subperiosteal plane avoids sharp injury to the segmental vessels. The use 
of cell saver intraoperatively and autogenous blood donation preoperatively reduces the need for 
allogenic blood product. Anticipation of coagulopathy with blood loss over 1 L or 4 hours of surgi
cal time, and early transfusion of cell saver or fresh frozen plasma will prevent exponential rates of 
blood loss associated with coagulopathy. Bleeding may also be limited by the use of antifibrinolytic 
drugs during surgery (3). 

In order to protect the neural elements during resection of the vertebral body, we use two hand
held dural retractors positioned for each pedicle. A Woodson elevator and a Penfield 3 to mobilize 
the ventral aspect of the dura from the posterior longitudinal ligament will help prevent a ventral 
dural tear. The neural elements are also at risk from possible translation of the spine at the level 
of the osteotomy. Placement of a temporary rod to span the osteotomy on one side while work
ing on the opposite side will protect against uncontrolled closure of the osteotomy or translation 
of the spine across the osteotomy. The neural elements are at risk at the time of closure of the 
osteotomy. The fracture through the anterior cortex is a greenstick fracture (torus type) and does 
not involve a complete disruption of the anterior cortex. The anterior cortex serves as a hinge and 
prevents translation of the spinal column. In the case of ankylosing spondylitis, or prior circum
ferential fusion of the spine, special care is necessary to ensure that the anterior cortex remains 
a hinge and is not completely disrupted by translation. Forceful fracture reduction should be 
avoided as this can lead to loosening of the screws adjacent to the osteotomy, and translation and 
uncontrolled closure of the osteotomy. The osteotomy should close spontaneously over tempo
rary rods with minimal posterior compression. If the wedge is not closing easily with posterior 
compression, the lateral wedges and the anterior cortex should be reevaluated. Distraction across 
the osteotomy will permit further resection of bone from the lateral wall and from the anterior 
one-third of the vertebral body. The osteotomy shortens the spinal canal and may lead to infold
ing of dura, especially in revision cases with significant dural scarring. Shortening of the spinal 
canal is protective for neural blood flow and nerve function. Dural infolding is rarely symptom
atic. Transient neurologic deficits have been reported in up to 20% of transpedicular wedge resec
tion osteotomies, and an adequate decompression is important in reducing the incidence of this 
complication (7). Motor evoked potentials with multiple myotomes are sensitive techniques for 
monitoring neurologic function and are followed closely during the wedge closure. If there is a 
change in motor evoked potentials, then immediate reversal of the osteotomy closure will usually 
result in a prompt return of signals. Exploration of the epidural space for sources of compression, 
and extension of the decompression cephalad, caudad, and laterally, is important prior to redo
sure of the osteotomy. If infolding of dura is determined to be the cause of neural compression, 
then an anterior cage may be used as a fulcrum to lengthen the anterior column of the spine and 
permit similar angular closure with less posterior shortening. An excision of epidural scar or even 
a resection of a posterior segment of dura may rarely be required if infolding is significant and 
symptomatic. 

Pseudarthrosis is an important late complication of the lumbar pedicle subtraction osteotomy. 
Symptomatic pseudarthrosis has been reported in up to 30% of cases at 5-year follow-up (14). 
Symptomatic rod fracture has been identified in 16% of patients after PSO (21 ). Posterior arthrodesis 
is optimized by meticulous preparation of the transverse processes above and below the osteotomy 
for a posterolateral fusion. The midline decompression prevents a midline fusion. Approximation of 
the mid-pars above to the pedicle below may facilitate bridging bone across the posterior columns, 
but a gap between the pars and the pedicle may be useful to preserve space for the shared neural 
foramen for the nerves above and below the pedicle excision. The most reliable fusion is of the 
anterior column. The cancellous bone of the vertebral body will heal reliably. However, a mobile 
anterior column with open disc spaces above and below the osteotomy may lead to nonunion. In 
patients with open disc spaces anteriorly, a transforaminal interbody fusion at the level below the 
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osteotomy, and an extension of the osteotomy to the disc space above the osteotomy, is useful to 
gain solid arthrodesis of the anterior column. Circumferential fusion of the discs above and below 
may also be accomplished with posterior or direct lateral interbody arthrodesis at the level above 
and below the osteotomy. 

POSTOPERATIVE MANAGEMENT 

We place subfascial drains at the end of the procedure, and these are removed when drainage is 
less than 30 mL per shift. Early mobilization of the patient minimizes postoperative complications 
including atelectasis, ileus, thromboembolic disease, and skin compromise. Most patients are trans
ferred from the operating theater to a surgical floor after surgery. The patient may remain intubated 
overnight after this surgery depending upon the length of surgery, laryngeal edema, fluid shifts, 
and the difficulty of intubation. Postoperatively, the patient may transfer from a bed to the chair 
without a brace on day 1. We use a thoracolumbar sacral orthosis for patients with poor bone qual
ity or patients who may be at significant risk of junctional kyphosis, specifically patients who have 
osteoporosis, thoracic kyphosis more than 30 degrees, and a kyphotic proximal junctional motion 
segment. 

RESULTS 

Pedicle subtraction osteotomy is a powerful tool to correct spinal imbalance. Realignment of 
sagittal balance can result in a significant improvement of patient-reported health status and 
high rates of patient satisfaction (1,4). The PSO compared favorable to alternative procedures 
including combined anterior and posterior surgery for sagittal deformity, including in cases of 
posttraumatic kyphosis (9). However, previous reports have documented significant morbid
ity in patients undergoing PSO, including neurologic deficits, infections, spinal fluid leakage, 
visual deficits, deep vein thrombosis, and pulmonary embolism. These complication rates are 
higher in revision cases (16,22). Inadequate correction of deformity may also be common in 
patients with larger preoperative sagittal plane deformities (20). In a recent publication review
ing the results of 87 PSO operations with 2 years of follow-up, Auerbach et al. reported a 38% 
rate of major surgical complications. These authors reported a nearly 2-L mean blood loss 
for their PSO cases (with a mean of ten levels of fusion). Risk factors for major complica
tions included over 4 em of sagittal imbalance, age over 60 years, and three or more medical 
comorbidities. In spite of these complication rates, the authors reported a significant improve
ment in the scoliosis research society subscores for pain and function for those who underwent 
PSOs for correction of global spinal balance (2). Rhin et al. reported complications in 62% of 
patients in the perioperative or late follow-up period. Despite complications, the majority of 
patient had a significant improvement of leg and back pain at long-term follow-up averaging 
over 6 years. 

ILLUSTRATIVE CASE FOR TECHNIQUE 

A 68-year-old male retired man underwent prior fusion for degenerative lumbar changes from 
L3 to S 1. After surgery, the patient reported a significant increase in low back pain with difficulty 
standing upright. He reported standing intolerance of more than 10 minutes and inability to walk 
more than two blocks without support. He was treated with a PSO at the level of L3, with instrumented 
fusion from Til to S 1. A lateral interbody fusion was performed at L2-L3 to secure circumferential 
fusion of the spine around the osteotomy. At 2-year follow-up, the patient was able to walk unlim
ited distances and reported no significant back pain (Fig. 20-4). 

Radiographic Measures 

C7 Plumb line 
Lumbar lordosis 
Thoracic kyphosis 
Pelvic tilt 
Sacral slope 

Preop 

123 
18 
18 
40 
10 

Pust-op 

38 
56 
46 
18 
32 

Change 

85 
38 
28 
22 
22 
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A 

FIGURE20·4 
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B 

Preoperative (A) and postoperative (B) radiographs demonstrating the pedicle subtraction osteotomy. 
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Vertebral 
Resection for 
the Correction 
of Fixed Coronal 
Deformity 

Clifford B. Tribus 

INDICATIONS/CONTRAINDICATIONS 

The spine surgeon bas several different options for reestablishing spinal balance in the patient with 
spinal deformity of the thoracolumbar spine. In patients with flexible deformity in the sagittal or 
coronal plane, a posterior, anterior, or combined anterior and posterior approach will typically suf
fice to correct the deformity and maintain spinal balance. When a fixed spinal deformity exists, 
particularly with spinal imbalance, spinal osteotomy is often necessary to reestablish spinal bal
ance. A rare subset of patients exists who have a fixed spinal deformity in the coronal plane. In 
these patients, posterior osteotomy alone and even anterior/posterior osteotomy procedures are not 
sufficient to correct coronal deformities (3,5,7 ,9,12, 13). In order to reestablish spinal balance safely 
in these patients, the spine must be shortened and translated. This requires vertebral body resection 
(VBR) (1,2,4,6). 

The indication for VBR is loss of spinal balance in the coronal plane. As with other spinal defor
mity problems, the indications for surgery are pain, progression, neurologic deficit. and cosmesis. 
Additionally, the patients with coronal deformity will frequently have a substantial functional 
deficit. 

The diagnosis leading to a fixed coronally decompensated spine is most commonly postsurgically 
treated idiopathic scoliosis. Congenital scoliosis or other postsurgical deformity patient may also 
lead to fixed coronal deformity. 

Confirming the diagnosis of fixed coronal deformity is self-evident on physical exam and stand
ing plane radiographs. Supine bending fi1mJ will confirm the fixed nature of the deformity. Verte
bral resection is not necessary, however, unless the shoulders are parallel or angled away from the 
coronal deformity. If the shoalders are positioned in this manner, resection is necessary to allow 
shortening and translation of the spine enabling the shoulders to be rebalanced and centered over 
the pelvis. 

The wide utilization of the pedicle subtraction osteotomy (PSO) has allowed the expansion of the 
PSO technique to include dorsal vertebral column resection (VCR). This evolving technique allows 
a full three-<:olumn resection of the vertebral column from the posterior approach and is a viable 
alternative to the anterior and posterior VBR. The neural elements are more readily identified from 
the posterior side, while risk to the local vasculature is greater (1 0,11, 14-16). The surgical technique 
for both will be presented. 
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PREOPERATIVE PLANNING 

Patients indicated for VCR require extensive preoperative evaluation. A cursory review of posture 
and radiographs will establish the necessity of the procedure, but a careful physical exam and assess
ment of the patient's state of health is required to determine if the patient is a candidate for this 
extensive procedure. 

These deformities are typically quite complex. Any neurologic deficit needs to be explained 
and the question of its reversibility answered. Preoperative cardiopulmonary and nutritional sta
tus should be assessed. In addition to being physically prepared to undergo extensive surgery, the 
patient should be emotionally prepared. A support system should be in place, and most importantly, 
the goals between physician and patient should be matched and realistic. If the patient is a candidate, 
he or she should donate autogenous blood. 

Radiographic studies would include standing AP and lateral radiographs on long films, as well 
as supine bending fihns to assess flexible correction. MRI is useful to assess neurologic elements 
as well as discs of areas not to be included in the fusion. A CT scan with sagittal and coronal 
reconstructions is needed to assess previous fusions and to plan for hardware placement and resec
tion. Consideration should be given to utilizing intraoperative computer-assisted technology for the 
placement of hardware and performance of VCR. 

The surgeon should plan for neurologic monitoring depending on the level of the resection and 
proposed hardware placement. Both Tc motor evoked potentials and somatosensory evoked poten
tials should be utilized. The potential need for a wake-up test should be discussed with the patient 
preoperatively. The need for a monitored bed in an intensive care unit should be anticipated and 
prearranged. 

SURGICAL TECHNIQUE 

The Anterior Approach 

In the case when an anterior/posterior resection is planned, the anterior spine is approached first. 
The typical scenario is a two-level resection at the apex of the deformity. For the purpose of discus
sion, a resection ofT12 and L1 will be described. Neurologic monitoring should also be established 
prior to positioning. 

The patient is positioned, well padded, on the operating table in the lateral position with the 
convexity of the deformity up. A double ann board, axillary roll, and pillows between the knees are 
useful adjuncts to a beanbag and three-inch cloth tape to secure the patient to the operating table. 
Take care to protect the peroneal nerve on the down leg. In planning the incision, be mindful of the 
rib/vertebral angle, as the ribs may be quite vertical, thus requiring the approach to be made through 
a more proximal rib. Additionally, if the approach is proximal to the ninth rib, a double-lumen 
endotracheal tube should be considered. A standard thoracic, thoracolumbar, or lumbar approach 
is performed, and the levels to be resected are exposed. To approach T12-Ll, a thoracolumbar 
approach is performed. 

The incision is created with a skin knife, and subcutaneous tissues and underlying muscle layers 
are incised with electrocautery. H the diaphragm needs to be mobilized, it may be peeled directly 
off of the chest wall with electrocautery either from above or below. I prefer the superior approach, 
applying traction on the diaphragm with a sponge stick and incising the diaphragm at its insertion 
on the chest wall. A cuff of diaphragm may be left on the chest wall to facilitate later closure or the 
diaphragm may be directly repaired to the chest wall. Particular care should be given to incising the 
crus of the diaphragm as large segmental vessels are often found just deep to the crus. 

Ipsilateral segmental vessels are controlled and markers placed to confirm radiographically that 
the appropriate levels are exposed (Fig. 21-1). An osteoperiosteal flap is then elevated. The purpose 
of the flap is to later contain the morcelized graft placed in the vertebrectomy site, yet in adults, 
a true flap is difficult to develop. 

In performing the resection, you need to recognize and utilize as many visual clues as to the 
location and orientation of the spinal cord as possible. Discectomies are performed proximal and 
distal to the levels to be resected. Often the patient has already had an anterior fusion ablating 
the discs. The CT scan with reconstructions should be scrutinized for residual landmarks in the 
fusion mass. The pedicles are a particularly reliable landmark for the initial localization of the 
cord. Given that these deformities are in three dimensions, however, once the cord is localized, 
its direction is still often not clear. At the start of the resection, a rongeur is used so that resected 
bone may be reused as bone graft. As the posterior cortex is approached, use a diamond-tip burr to 
reduce the risk of dural tear. The posterior cortex is thinned and then resected with small curettes 
and Kerrison rongeurs. The posterior longitudinal ligament (PLL) should be left intact as both a 
landmark and a biologic barrier (Figs. 21-2 and 21-3). However, all bone needs to be resected off 
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FIGURE 21·2 
Axial views demonstrating the periosteum being elevated (A) and the vertebral body resected (B). 
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FIGURE 21·1 
Anterior approach 
demonstrating ligation 
of segmental vessels. 
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FIGURE 21-4 
A: Axial view of Gel
foam (Ethicon, Somer
ville, NJ) in place. 
protecting the nerve; the 
bone graft in place: and 
the periosteum being 
repaired. B: Axial view 
showing subsequent 
posterior completion of 
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FIGURE 21-3 
The periosteal flap is elevated, the vertebrectomy is complete, and the PLL is exposed. 

of the PlL to prevent buckling into the cord at the time of posterior correction of the deformity. 
Complete resection of the concave pedicle is not often possible from the anterior approach, yet 
the base of the pedicle needs to be resected at this time to assure a safe posterior removal of the 
residual pedicle. 

A small amount of Gelfoam is used to augment the PLL as a banier between the cord and the bone 
graft, which is morcellized and loosely placed into the anterior vertebrectomy site. The osteoperios
teal flap is then secured over the vertebrectomy site preventing the graft from displacing (Figs. 214 
and 21-5). A standard closure is performed. 

At this point, you must decide whether to proceed with the posterior approach in one setting or 
to stage the procedure. If the decision is to stage the procedure. a centtaJ. line for total parenteral 

the vertebral resection. A e 
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wtrition should be placed on the same side as the chest tube while the patient is still under general 
anesthesia. The patient may be mobiliz.ed. out of bed to a chair between stages. 

The Posterior Approach 
The patient is positioned prone for the posterior approach. A frame, which allows full extension 
of the hips and a freely dependent abdomen, is required. The spine is exposed through a midline 
approach. Generally, I complete the exposure, obtain bone graft. and place the screws and hooks 
to be utilized. Completing the resection prior to securing fixation is ill advised. The spine will be 
highly unstable when the resection is completed; you need to minimize the time of instability and 
the trauma inflicted when placing hooks and screws. Additionally, you need to be certain that good 
fixation proximal and distal to the planned resection is secured prior to committing the patient to a 
completed resection. lnsbument at least three levels proximal and distal to the levels resected. I will 
generally rei:Dstrument all previously fused levels and extend the fusion if the three-level rule is not 
met (Fig. 21-6). 

The resection is then completed. The entire lamina and both pedicles of each level resected ante
riorly are removed posteriorly. 

In the case where the entire resection is being preformed via a posterior approach, the 
planned resection is marked through the fusion mass posterolaterally with a bUlT (Fig. 21-7). 
Generally, the resection will be pars to pars over one or more levels (Fig. 21-8). The laminec
tomy is extended proximally and distally to the planned resection to allow for dural buckling. 
The pedicles are then isolated and resected to their base (Fig. 21-9). Next, identify the proximal 
and distal end of the vertebral resection. The disc spaces may be utilized, but in the case where 
the anterior column is solidly fused, mi~vertebral body may also be used. The lateral cortex 
of the vertebral body can then be exposed by bluntly dissecting extraperiosteally in the waist of 
the vertebral body. The segmental vessels can be ligated or preserved but should be identified. 
The resection proceeds by alternating between decancellation, decortication, and discectomy 
(Fig. 21-1 0). The posterior cortex of the vertebral body is retained until the resection is almost 
complete. A temporary rod can be placed to stabilize the vertebral column while the resection 
is being performed. The anterior cortex is thinned and then resected with a curette or Kerrison. 
Just prior to correction, the posterior cortex is removed and morcelized bone graft is placed in 
the carpectomy site. Alternatively, the correction can be performed and then the anterior column 
rigidly reconstructed. 

The correction is then effected. The maneuver should have the effect of shortening and translat
ing the spine. Distraction is absolutely contraindicated. My preference is a two-rod approach to the 
convexity. A rod is placed proximally and distally. The deformity is then shortened and translated 
by manipulating the rods, and a domino device is used to connect the two rods. AlP and lateral 

FIGURE 21·5 

The periosteal flap 
being closed. 
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FIGURE 21-6 
Anteroposterior view of the posterior fused 
spine exposed. Hardware is placed before 
the resection is completed. Screws are 
placed distally and around the proposed 
resection site. Hooks are placed directly 
into the fusion mass in a "claw• construct 
proximally. 
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FIGURE 21-7 
Anteroposterior view of a temporary rod 
placed on the concavity, spanning the 
proposed resection. 

radiographs on 36-inch films are then obtained to assure spinal balance, while a wake-up test is 
performed. A single concave rod is then placed neutrally, and cross-links complete the construct 
(Figs. 21-11 and21-12). A small amount ofGelfoam is placed to protect the dura, and bone graft is 
placed spanning the resection gap (Figs. 21-13 and 21-14). 

POSTOPERATIVE MANAGEMENT 

As previously stated, if the patient's two procedures are staged, then total parental nuttition 
should be instituted between the two procedures. A monitored bed should be arranged for the first 
1 to 2 postoperative days. Patient-controlled analgesia as well as ulcer and deep venous thrombosis 
(DVT) prophylaxis are instituted. I use only mechanical DVT prophylaxis given the relatively tow 
thrombus risk and the neurologic risk of bleeding in the area of exposed spinal cord. The chest tube 
is placed to suction and typically remains for 48 to 72 hours. The Foley catheter should be removed 
at roughly the same time as the chest tube. After the chest tube has been removed, the patient is fit
ted for a custom thoracolumbosacral orthosis (TLSO). The TLSO is worn whenever the patient is 
out of bed. but it is not necessary to sleep in the brace. The patient is then mobilized in the TLSO. A 
walker is usually necessary with the start of gait tta.ining. Assistance is required in rising from bed. 

Decisions as to placement in a skilled nursing facility can be made by the 3rd to 5th postopera
tive day as needs can be anticipated based on the patient's progress to this poinl The diet is also 
slowly progressed according to bowel sounds and flatus. Standing AP and lateral. radiographs are 
obtained prior to discharge. The typical hospital stay is 5 to 7 days post-op with some patients able 
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FIGURE 21-8 

Schematic of lateral view demonstrating planned 
resection for PSO (darkened area) and VCR 
(darkened area plus single shaded area). 

to go directly home at this point, whlle othem require a more extended transitional time in a skilled 
nursing facility. 

REHABILITATION 

After discharge, patients are followed with serial exams and radiographs to assure that spinal 
balance is maintained and healing obtained. I do not generally continue formal physical therapy 
past discharge as long as independent ambulation has been obtained. Walking is the mainstay of 

FIGURE 21·9 

The posterior fusion mass, lamina, 
facets, and pedlcles are resected. 

275 



276 

FIGURE 21·10 
The vertebral body is resected with the proximal and distal disc. 

FIGURE 21·11 
A proximal and distal rod are placed on the convexity 
of the deformity. The rods were previously bent, so 
that subsequently attaching them will affect correc
tion of the deformity by shortening and translating 
the spine. The temporary rod is removed and correc
tion performed as the two convex rods are attached 
to each other by a domino side-to-side connector. 
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A 

FIGURE 21·13 

FIGURE 21·12 
The alignment of the spine is improved. The single concave rod is placed, 
and the osteotomy site bone is grafted. 

B 

Preoperative anteroposterior (A) and lateral (B) radiographs demonstrating fixed coronal imbalance. 
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FIGURE 21·14 

Postoperative antero
posterior (A) and lateral 
(B) radiographs dem
onstrating corrected 
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coronal imbalance. A B 

rehabilitation for the first 4 to 6 weeks. Reduction of pain medications corresponds to increasing 
activities. Generally, by 4 to 6 weeks postoperatively, the patient may drive a car, ride a stationary 
bicycle, and swim. Brace wear continues approximately 8 to 10 weeks. Lifting, bending, and twist
ing activities are limited until at least 3 months. Return to work full time should not be expected 
before 3 months. Vl.Sits are scheduled at 6 weeks, 3 and 6 months, and 1 and 2 years postoperatively. 

COMPLICATIONS AND RESULTS 

The anticipated complications of VBR mirror those of other extensive thoracolumbar spinal 
reconstructions (1,3,4,8,10,12-15). The most catastrophic complication, short of death, would be 
paralysis. The procedme i.s designed to allow correction of fixed spinal deformities with as much 
consideration for neurologic safety as possible. but it is technically demanding. Maintaining one's 
orientation is difficult and crucial. The time during which the correction i.s being performed poste
riorly i.s critical. The cord is essentially free floating at this point. The corrective forces should be 
shortening and ttanslation only, followed by efficacious and rigid fixation. The resection must be 
complete. Residual bone will inhibit correction and pose a neurologic risk. 

The anterior approach exposes many vital organs including lung, diaphragm, vascular, renal, and 
intestinal organs, any one of which may be injured. Once the rettoperitoneum has been entered, 
blunt dissection i.s the preferred mode of exposure. Control of segmental vessels without avulsing 
them will save greatly on blood loss. 

Dural tears and neurologic injury during the anterior approach are typically due to loss of 
orientation. There i.s usually no scar tissue around the nerve, and the PLL is an excellent barrier. 
When I create an anterior dural tear, I do attempt to close the injury primarily. If this is not technically 
possible, fibrin glue can prove helpful. 

Disruption of the sympathetic chain leading to mild ipsilateral autonomic dysfunction is common 
but frequently i.s mild and reverses itself. 

The complications of the posterior approach are neurologic as previously discussed or related to 
fixation. Ftxation may be very difficult to obtain due to multiple operations, osteoporosis, or dis
torted anatomy. If the fixation cannot be secured, the resection should not be completed posteriorly. 
The fixation should extend at least three levels above and below the resected levels. 

Pseudoarthrosis may be a cause of late fixation problems. Rigid fixation, good bone grafting tech
niques, and postoperative bracing should minimize risk of pseudoarthrosis. 
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Prolonged surgery promotes positional risk, increased risk of infection, and coagulopathy. The 
surgeon must be decisive, efficacious, and cautious in the operating room. 

The risk of complication for vertebral resection is between 25% and 40%. This substantial risk 
combined with the operative insult and extensive postoperative rehabilitation must be balanced with 
the patient's desires and preoperative dysfunction. Both surgeon and patient need to be committed 
to the idea of good communication, extended follow-up, and the aggressive treatment of complica
tions. If these ideals are followed, successful patient outcomes and satisfaction rates should be 75% 
to 80% good to excellent, or similar to other large reconstructive spinal procedures. 
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Lumbar 
Microdiscectomy 

C. Chambliss Harrod, Roman Trimba, and Alan S. Hilibrand 

BACKGROUND/ANATO~ 

The lumbosacral spine is the region of the skeleton that transitions from the appendicular to the 
axial skeleton. Ambulation is most functional when the head is centered over the pelvis in both 
the coronal and sagittal planes, which are typically balanoed in adult patients with cervical and 
lumbar lordosis counteracting thoracic and sacral kyphosis. Walking places significant biomechani
cal loads across the lumbosacral junction. Approximately 80% of the weight iB supported via the 
anterior column CODBisting of vertebral bodies and intervertebral discs, while the posterior bony and 
ligamentous structures including the neural arches and zygapophyseal (facet) joints accommodate 
approximately 20%. Typically, the lordotic lumbar spine consists of five nonrib-bearing, mobile 
osseous segments between the rigid thoracic and fused sacral vertebrae, which serve as a conduit 
for the cauda equina. Normal lordosis ranges from 40 to 60 degrees with over SO% stemming from 
IA--Sl as the lumbosacral intecvertebral disc is often much taller ventrally than dorsally. Normal 
lower extremity function depends on mobile joints powered by musculotendinous units, which 
derive their neurologic innervation via nerve roots stemming from the spinal cord, conus medul
laris, and cauda equina. 

INDICATIONS/CONTRAINDICATIONS 

Compression of the neurologic elements can be secondary to degenerative, neoplastic, congeni
tal, infectious, or traumatic etiologies, although hemiation of lumbar nucleus pulposus through the 
peripheral annulus is most common. Pati.entll are often present with lower extremity radiculopathy 
(combination of pain, weakness, numbness, paresthesia&, loss of function) though bowel. bladder, 
and autonomic nervous system abnormalities culminating in cauda equina syndrome are possible. 
Nonoperative management is effective in the vast majority of cases with activity modification, 
physical therapy, medication, and interventional pain management techniques. Absolute indications 
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for surgical treatment include progressive neurologic deficit and cauda equina syndrome. Relative 
indications include recalcitrant pain after failed conservative management. Analysis of disc loca
tion, size, and extent and surgical goals allows the correct approach to achieve the surgical goal
decompression of neural elements while maintaining spinal stability. Disc herniations can be located 
centrally, paracentrally, foraminally, or extraforaminally. Removal of offending compressive lesions 
under direct vision has been the standard of care over thermal ablative techniques. Posterior-based 
approaches are utilized below the level of the conus medullaris and include midline, paramedian 
(Wiltse), or far lateral open, tubular, endoscopic, or arthroscopic techniques with laminectomy, 
hemilaminectomy, hemilaminotomy, ortransforaminal (foraminoplasty) bony resections to perform 
the discectomy. Each of these techniques has its own unique advantages and disadvantages. Expe
rience of the surgeon, cosurgeon availability, and familiarity with the approach and anatomy of 
the patient are of utmost importance when deciding on which approach to use. Additionally, most 
surgeons use Ioupe magnification or the operating microscope to improve visualization and safety. 
Studies have shown that results of lumbar microdiscectomy have been superior to traditional tech
niques (subtotal or complete discectomy). We have enjoyed a low complication profile with use of 
a 2- to 3-cm open midline or Wiltse paramedian approach to treat nearly all primary recalcitrant 
symptomatic lumbar disc herniations under loupe magnification. We discuss this approach in the 
following technique. 

PREOPERATIVE PLANNING 

Understanding of anatomy and radiographic data will facilitate preoperative planning, allowing a 
smaller incision, with less dissection, blood loss, and tissue trauma. A careful physical examination 
should inspect for any prior incisions, scars, skin lesions (i.e., psoriasis or acne), infection, or signs 
of spina bifida (dimpling, hairy tufts, and lack of spinous processes). Morbidly obese patients can 
increase the difficulty of the operation, necessitating increased radiation to identify one's level, 
larger incisions, longer instruments, and longer operating times. 

Lumbar spine imaging must include plain radiography with anteroposterior and neutral, flexion, 
and extension lateral views to clearly identify the lumbosacral junction, the 12th (or most caudal) rib, 
the number oflumbar vertebrae, presence of transitional (or sacralized) vertebrae, and superimposed 
level of the iliac crest. Adequate plain radiographs aid in preventing wrong-level surgery. Flexion
extension views allow identification of instability, while oblique views are occasionally helpful in 
identifying pars interarticularis fractures. Computed tomography is of limited importance though 
can be helpful to quantify the amount of foramina! stenosis and osteophytic compression. In revision 
lumbar spine surgery with instrumentation and for patients who cannot undergo magnetic resonance 
imaging (MRI), addition of myelography is helpful to identify disc herniations and stenosis. MRI 
best assesses the extent of nerve root, thecal sac, conus medullaris, or spinal cord compression 
with or without intradural extension. Gadolinium administration with enhancement is useful with 
neoplasms, infections, revision microdiscectomy cases, and as an aid in diagnosing an early reher
niation. T1 parasagittal images are vital in assessing the amount of foramina! root compression in 
far lateral disc herniations. Rarely, an anomalous or bifid nerve root may also be identified that will 
alter decompression tactics. In addition, engorged epidural plexi should be noted as occasionally 
large ventral epidural leashes will be encountered and can be difficult to control. Lastly, we typically 
require a recent MRI (within 3 months) prior to performing surgical decompression as lumbar disc 
herniations can resorb over that period of time. 

In order to minimize incision length and bony removal, while still obtaining adequate decom
pression, one must understand the exact location of the disc herniation prior to surgery. Lesions 
can be characterized using the McCulloch ''three-floor anatomic house," which provides a three
dimensional grid of the spinal canal. Vertically, the house is broken down into three floors (Fig. 22-1 ). 
The most inferior or caudal floor contains the disc level ("1 "). The second floor extends from the 
inferior border of the pedicles to the inferior endplate and contains the foramina! level. The third or 
most cephalad is the pedicle level and spans from the superior endplate to the inferior border of the 
pedicle. One flaw in this vertical system is that it is designed for cranial migration of discs (i.e., an 
IA-L5 disc migrating toward the lA pedicle). Caudal disc herniations are given the nomenclature of 
a "minus-one" ( -1) level. An example would be an L3--IA disc migrating to the level of the pedicle 
of IA. Disc pathology is further divided in the sagittal plane from medial to lateral into central, sub
articular (lateral recess), foramina!, and extraforaminal (far lateral) zones (Fig. 22-2). Medially, the 
central zone is situated between the edges of the dura, while the subarticular (lateral recess zone) sits 
between the lateral edge of the dura and the medial borders of the pedicles. The foramina! zone lies 
from the medial to lateral border of the pedicle, and the extraforaminal zone is lateral to the pedicles. 
The seven posterior bony elements include the superior and inferior articular processes, spinous 
process, lamina, pedicle, transverse process, and pars. The pedicle and transverse process are the 
only ones that lie in a single floor, the third or pedicle level. All other structures straddle two floors. 
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FIGURE 22-1 
A T2-weighted midsagittal MRI image 
demonstrates the McCulloch 3-floor tech
nique with an L4-L5 disc herniation at the 
level of the disc level (first floor). Labeled 
are the second and third floor correspond
ing to foramina!- or pedicle-level cranial 
herniations. Caudal herniations are given 
the nomenclature "-1" when at the level of 
the caudal pedicle. 
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FIGURE 22·2 
A T2-weighted axial 
MRI image at the L4-L5 
disc level from Figure 
22-1 demonstrates a 
central disc herniation 
with lateral recess ste
nosis with compression 
of the caudal equina. 
The patient clinically 
had left-sided radicu
lopathy, so a left-sided 
hemilaminotomy with 
microdiscectomy was 
planned with a low 
threshold to convert 
to either bilateral 
hemilaminotomy or 
laminectomy if the 
appropriate-sized frag
ment was not removed. 
The central {G). para
central (PG), foramina! 
(F), and extraforaminal 
or far lateral {Fl) zones 
are defined. 
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TECHNIQUE 

Anesthesia 

The majority of microdiscectomies are still performed under general anesthesia; however, some 
patients opt for spinal and/or epidural anesthesia. The degrees of sedation are determined according 
to the preference of the patient and/or surgeon. While a small percentage of patients chose to be 
awake and watching the procedure on the television monitor, the majority prefer to be unconscious. 
An epidural anesthetic dilates the vessels in the lower extremities, resulting in lower intraoperative 
bleeding. It is also associated with lower recovery room times, faster return to orientation and alert
ness, and general absence of postoperative nausea and vomiting comp~ to a general anesthetic. 
However, there are several disadvantages to using an epidural or local anesthetic. The peripheral 
vasodilation caused by the epidural may lead to general hypotension. Lack of general anesthesia and 
complete sedation may cause difficulty with patient positioning and moving during the procedure, 
as well as difficulty establishing an emergency airway in case of a complication. Increased inci
dence of urinary retention with epidural anesthetic may lead to an overnight stay during what would 
normally be an outpatient procedure. Neurologic complications may also result from the epidural 
anesthetic/procedure itself; the anesthesiologist may inadvertently cause a dural tear necessitating 
a repair. 

Patient Positioning 

Careful patient positioning can facilitate a successful lumbar microdiscectomy. The first is to mini
mize lumbar lordosis as much as possible. This will increase the interlamiDar space allowing for easier 
access into the spinal canal and resulting in a smaller laminotomy to expose the disc. The second goal 
is to decrease abdominal compression to decrease venous pressure, which results in markedly reduced 
epidural blood loss and enhanced intraoperative visualization. 'Ibis can be accomplished with the 
Andrews frame in a knee-chest position. The patient is placed with hislher back parallel to the 11oor 
with the k:neea and hips 11exed to an angle slightly greater than 90 degrees with the frame kneeling 
angle increased to maximum. The patient should be positioned prone on an Andrews frame or table if 
the patient weighs less than 250 pounds; otherwise, a Jackson table with a sling is pref'emd to allow 
the abdomen to hang freely to decrease venous congestion and subsequent epidural venous bleeding 
(Ftg. 22-3). The Andrews frame is secured to a regular operating room table with the legs 11exed to the 
11oor (the surgeon or assistant should test with his or her own weight that the frame is rigidly affixed 
prior to patient placement). The patient must be roUed prone onto the table, knees are secured initially 
with both feet sttapped in place, a buttocks plate is placed at the appropriate height. and then the 
patient is translated caudally. A semifirm gel bolster is used as a chest or sternal roU and must be 2 em 
caudal to the sternal notch to not impinge on the airway or cause cranial vascular engorgement. The 
arms are then gently rotated into a "90-90" position. and care must be taken to pad bony prominences 
and ensure the safety of the peripheral nerves and brachial plexus. The surgeon must then ensure that 
the patient's back is parallel to the 11oor by either raising or lowering the legs or more typically crank
ing the tibial tray up or down. FiDally, lateral bolsters are squeezed on the midtbighs to ensure patients 
are safely and securely fastened. Note that patients should be examined preoperatively for adhesive 
capsulitis (frozen shoulder) or shoulder pathology as those with such disorders will not be able to be 
positioned with the arms in d:le "90-90" position. They will require the arms to be at the side, which 
should be low enough not to block the marker radiograph. We typically drape out the operative field 
widely with 1,010 drapes and then mark the iliac crests transversely; the posterior superior iliac spines 

FIGURE 22·3 
The patient is appropriately posi
tioned on the Andrews frame. 
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FIIURE 22·4 

After prepping, two 18-guage spinal 
needles are inserted into spinous 
processes vertically, and a lateral 
marker radiograph is made. 

are vertically m.arlred bilaterally. After scrubbing skin and prepping with ChloraPiep, a World Health 
Organization (WHO) "time out'' is performed to verify the details of the procedure and equipment 
and review major intraoperative risks with the anesthesia, surgical, and nursing teams. 

Localization of the Level 

Based on the relationship of the spinous processes to the iliac crest on preoperative lateral flexion, 
we then insert two 18-gauge spinal needles vertically into the appropriate spinous processes. Care 
must be taken to place the needle vertically to avoid an incision at the wrong disc apace. The size 
of the incision is then determined by the location and size of the disc fragment and the laminotomy 
needed to remove it. If landm.arb are difficult to palpate. needles may be placed shallower to avoid 
dural perforation. A lateral radiograph is taken to ensure the com:ct location for incision (Figs. 224 
and 22-5). A 0 .5 to 1 mL indigo carmine is then injected as the needle is withdrawn to mark. the 
appropriate spinous process (Fig. 22-6). 

The needles may then be removed, and the region prepped and draped. Indigo cmmine dye may 
cause a greenish tint to the urine. Methylene blue dye is not recommended because it may cause 
neurotoxicity if inadvertently injected intradurally. Additional radiographs are then not nece888lY to 
localize the level. The distance between the two needles allows the surgeon to determine the exact 
location and size of the incision when comparing it to the magnified radiograph. We typically mark 
the caudal spinous process, as it is easier to stray a level cranial in the low lumbar spine. Once this is 
done, the incision is lllCilllured to be approximately 1 inch (2.5 em) and placed approximately 5 mm 
paramedian to the midline for easier exposure past the spinous processes. We then reprep the skin 
with a second ChloraPrep solution and then drape the operative field. 

Surgery 

E~re Preoperative identification of abnormal anatomy is vital for this stage. Incision is 
made sharply with a knife. Depending on the size of the patient, dissection through the subcutaneous 
tissue is then done either with an electrocautery or with blunt dissection. The lu.mbodorsal fascia is 

FIIURE 22·5 

A lateral radiograph demonstrates 
that the spinal needles are correctly 
positioned on the L4 and L5 
spinous processes. 
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FIGURE 22-6 
Indigo carmine is injected onto the 
L5 spinous process as the needle is 
removed creating a tract down to the 
spinous process. 
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then opened with the Bovie on cut with care not to cause the underlying muscle to bleed. A Weitlaner 
self-retaining retractor may now be inserted. The slightly paramedian flap provides a strong buttress 
for the medial hook of the retractor and allows for improved lateral excursion of the self-retaining 
rettactor system. This results in easier retraction of muscles and allows the medial hook to rest on a 
flap of fascia as opposed to the interspinous-supraspinous ligament complex. 

Deep Dissection/Muscle Elevation Following the fascial incision, subperiosteal dissection 
of the multifidus muscle off the two laminae is then done up to the medial portion of facet joint. Care 
is taken not to injure the facet joint capsule. If there is any doubt regarding spinal levels, a Penfield 
4 or Woodson elevator placed in the interlaminar interval can unambiguously verify the disc space 
on a lateral radiograph. 

Muscle elevation is started on the leading edge of the caudal spinous process using a Cobb elevator. 
This is an avascular plane, inferior to the insertion of the multifidus tendon. The dissection continues 
down the slope of this lamina. Extensive cephalad dissection beyond the initial skin markings may 
lead to exposure of the proximal level. The muscle of the trailing edge of the cephalad lamina and 
spinous process is then dissected subperiosteally, and the lateral pars must be identified cranially 
to ensure its integrity through the procedure. Hook-blade combination self-retaining retractors can 
now be placed into the wound (F'1g. 22-7). The hook portion is placed between the spinous proce8ses 
superficial to the spinolamiDar junction, while the blade is placed laterally to rettact the paraspiDal 
muscles superficial and lateral to the facet joint. Soft tissues are then cleared from the laminae and 
ligamentum flavum (Fig. 22-8). 

Flwvectomy and Enk'y into Spinal Canal At this point. the surgeon has the option of 
utilizing loupes or the surgical microscope for entry into the spinal canal. Both have been affec
tive in performing the surgery; however, there are several advantages to using the microscope. 
These include better lighting, better optics, and an identical field of vision for the surgeon and 

FIGURE 22-7 
After dissection and elevation of 
the multifidus muscles, the L4 and 
L5 lamina, interspinous ligaments 
medially, ligamentum flavum, 
and facet capsules laterally are 
visualized. 
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FIGURE 22-8 
Ligamentum flavum release is 
released with L5 hemilaminotomy. 

assistant. The microscope coaxial optics also allow for a smaller incision due to direct downward 
vision. 

Although some surgeons advocate for a ligamentum ftavwn sparing or flap approach, we typically 
perform ftavectomy. The ligamentum ftavwn can be detached from the inferior portion of the supe
rior lamina or the superior portion of the inferior lamina. We prefer d:le latter at 1..5-Sl since the 
ligamentum ftavwn detaches more easily at the leading edge of the inferior lamina laterally to the 
facet joint. This is done with a no. 2 straight or curved curette in a lateral-to-medial direction with no 
downward-directed force to avoid inadvertent plunging into the canal. The surgeon must be aware of 
a possible dorsally displaced root that may bec:ome injured during this procedure. 

Inferior Laminotomy/LAminectomy After passing a Woodson elevator or Penfield dis
sector under the free edge of ftavum, the margins can be gently inspected for any adhesions to the 
underlying dural sac. The ligamentum ftavwn can then be thinned using a pituitary rongeur and the 
lateralS to 10 mm removed using a Kerrison rongeur though we typically leave a small amount 
underneath the trailing edge of the cranial lamina at this lime to protect for our inferior hemilami
notomy. A small portion of the caudal lamina may be resected for better exposure of the lateral dural 
sac and the exiling nerve root at this caudal level (Figs. 22-9 and 22-10). 

After the ligamentum ftavum is detached from the inferior lamina, the cranial inferior 
hemilaminotomy may be performed. The amount of lamina to be removed depends on the size of 
the interlaminar interval as well as its relation to the disc space. At the lower lumbar levels (I..A-LS 
and LS-Sl), the interlaminar interval is usually close to the disc space; thus, a smaller amount of 
lamina needs to be removed. At more cephalad levels, the disc space lies more caudal to the inter
laminar interval necessitating the creation of a larger bony window (occasionally requiring complete 
hemilaminectomies). We prefer to use a high-speed burr with a 3-mm matchstick tip to thin the 
superior hemilamina with the remaining ftavum protecting the thecal sac. A Kerrlson punch can then 
perform final bony and ftavum removal. Partial medial facetectomy can be performed for any lateral 
recess stenosis secondary to ftavum. and facet capsule and bony hypertrophy. Note that in the case 

FIGURE 22·9 
The traversing L5 (arrow) is 
exposed. 
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FIGURE 22·10 
Mobilizing L5 nerve {arrow) off disc 
herniation (star). 
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of a trefoil canal, more medial facetectomy may be required if the root is tucked away laterally as 
opposed to normally laying in line with the medial edge of the facet. During the hemilaminotomy, 
excessive bony resection can lead to an iatrogenic fracture of the lateral pars interarti.cularis. An 
iatrogenic pars fracture is more lilrely during discectomy at more proximal levels due to the more 
medial location and smaller pars width. This may also lead to iatrogenic inferior articular process 
fracture with potential instability. It i.s important to leave at least 7 mm of lateral pars to prevent an 
iatrogenic pars fracture. 

Pedicle and Tra-versing Nert1e Root Identification After adequate bony resection, 
attention is turned to identification of the traversing nerve root. The lateral border can typically be 
found with a Penfield 4 elevator. Once found and gently retracted, we use the bipolar cautery to 
cauterize the lateral longitudinal epidural leash, which lies on the dorsal vertebral bodies and disc. 
We like to use a Woodson elevator to palpate the caudal pedicle, directly visualize the traversing root 
exiting medial to it and out the subjacent foramen. We then typically gently pack a thrombin-soaked 
0.5 x 0.5-cm. pledget patty caudally to mobilize the traversing root medially. This facilitates mobili
zation of the thecal sac with a Love nerve root retractor, allowing visualization of the herniated disc 
from the disc space (Fig. 22-11). In addition to hemostasis, using pledgelets allows a cushion and 
dissipation of focal forces that a nerve root retractor alone places on the neural elements. Great care 
must still be taken not to overretract the root to minimize postoperative neuralgia. 

Discectomy The disc herniation should be clearly visible and must be correlated with preoperative 
MRI findings. If there are major discrepancies, repeat radiograph must be obtained with a marker 
to verify correct-level surgery. If the herniation is readily visible, the surgeon can now excise the 
ruptured fragment of disc with a pituitacy rongeur. If an annular defect already exists, the surgeon 
may choose to work within it or extend it as necessary. An attempt can be made to remove the disc 
fragment without extending the annulotomy as clinical findings show that patients with smaller 

FIGURE 22-11 
Exposure of the herniation. A Love 
retractor gently retracts the thecal 
sac and traversing nerve root while 
the disc herniation and annulus are 
visualized while patties are used 
gently to provide hemostatic control 
of epidural bleeding. 
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FIGURE 22·12 
Peeling of the membrane over the 
disc material with Penfield dissector. 

annular defects tend to have fewer recwrences. In the absence of an annular defect. annulotomy 
can be performed wid:l. a no. 15 blade. The surgeon may chose a box, slit, or cruciate approach leav
ing as small an annular defect as possible, taking care to cut away from the nerve roots. The disc 
fragments are removed with a Penfield no. 4 and a pituitary rongeur (Figs. 22-12 to 22-15). If a 
hard disc or posterior vertebral body osteophytes are prominent, we use a reverse-angled curette to 
impact away from the thecal sac and roots and remove with a pituitary. We then perform disc space 
lavage with Frasier sucker tips and large syringes to flush any additional lose fragments as well as 
ensure removal of offending chemical cytokines and irritants. If there are any major discrepancies 
between operative findings and MRI, a repeat radiograph should be obtained with a marker to verify 
correct-level surgery. 

Confirmation of decompression is then performed by probing the ventral surface of the canal and 
dural sac both proximal and distal to the disc space for extraligamentous and subligamentous disc 
fragments or osteophytic ridges. We typically explore the floor of the canal with a Murphy probe 
to ensure there are no sequestered fragments. The contralateral ventral surface, lateral subarticular 
recess, and foramen are also inspected. If the foramen is found to be stenotic, it should be decom
pressed. The traversing nerve root should be freely mobile at the end of the procedure. 

Closure Meticulous hemostasis is obtained with the temporary use of thrombin-soaked Gelfoam, 
bone wax, and pledgets. We irrigate profusely and then remove all sponges or pledgelets including 
Gelfoam to ensure no space-occupying lesions exist. Bone wax is used to control any bleeding from 
exposed cancellous bone. The retractors are then removed and the paraspinal muscles inspected for 
bleeding. We apply O.S mL of dexamethasone locally over the nerve roots and then close watertight 
in layers the muscle, fascial, subdermal, and subcuticular layers with no. 1 Vicryl, 2-0 Vicryl, 
3-0 Vicryl, and 4-0 Monocryl followed by application of a tension-free dressing (Fig. 22-16). We 
typically do not need a closed suction drain and let our patients go home the day of surgery after 
ambulating and voiding with pain controlled. 

FIGURE 22·13 
A pituitary now easily removes the 
large herniation. 
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FIGURE 22·14 
Annular defect (arrow) visualized 
after disc removal. 

FIGURE 22·18 

FIGURE 22·15 
Large fragment. 

Dressing is applied after subcuticular 
absorbable stitch is placed. 
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POSTOPERATIVE MANAGEMENT 

Lumbar microdiscectomy is routinely performed as an outpatient procedure barring complications. 
Oral analgesics are provided on an as-needed basis. The patient is encouraged to sit and walk as 
soon he or she is comfortable and the anesthetic has worn off. Normal activity may be resumed as 
tolerated except that patients are advised to avoid excessive trunk flexion, heavy lifting, and contact 
activities for 6 weeks. Physical therapy may be necessary depending on the patient's status before 
and after surgery. 

RESULTS 

Lumbar microdiscectomy is a very successful orthopedic procedure with greater than 90% of patients 
reporting good to excellent relief of leg pain and less than 10% recurrence of herniation (1,3,6,9). 
Patients can expect resolution of concordant radicular buttock and leg pain (7, 10, 11 ). Relief oflower 
back pain is less consistent. In general, patients with lower-level herniations do better than patients 
with upper lumbar herniations ( 4 ). Paracentral and foramina! herniations do better than central or 
extraforaminal herniations (2). Revision discectomy outcomes can be similar to the outcomes of 
primary discectomies, although there is a higher risk of spinal fluid leak. Relief of symptoms also 
closely correlates to the duration of time they were present preoperatively (5). Younger patients 
with recent onset of symptoms (3 to 6 months) experience rapid and more substantial improvement 
in pain and neurologic function (8). Older patients with long-standing symptoms experience more 
delayed relief, which is often incomplete. Patients with symptoms greater than 6 months typically 
have poorer outcomes whether treated operatively or nonoperatively though patients treated opera
tively still do better than those treated non operatively. Numbness often persists despite adequate 
decompression in patients with chronic symptoms. 

COMPLICATIONS 

Although many precautions are taken in preoperative planning, wrong-level surgery must always 
be a surgeon's main concern. Occasionally, the adjacent cephalad level is inadvertently exposed 
especially in obese patients with a lordotic lumbar spine. It can also occur in an older patient with 
significant degenerative disc disease resulting in loss of interspinous process distance. Difficulties in 
positioning and identifying landmarks may also contribute to increased risk of wrong-level surgery. 
Needle localization with indigo carmine dye is highly recommended in determining the correct 
level Repeat radiographs with a Woodson elevator slipped under the cranial lamina but dorsal to the 
flavum or even a Penfield 4 dissector in place can also be obtained before the disc is incised. This 
is especially true if intraoperative findings do not correlate with those on the MRI. Additionally, 
the potential also exists for operating on the wrong side. The correct side of the patient's symptoms 
and precise location of disc herniation should be reconfirmed both when marking the patient in the 
preoperative area and prior to making incision as part of the WHO-sanctioned ''time-out." 

Anatomical variations may also lead to complications in localizing the correct operative level. 
Up to 10% of people have abnormal lumbar segmentation, with either four or more often six lumbar 
vertebrae as opposed to the usual five. Sagittal MRI findings must be matched up with plain lateral 
radiographs preoperatively to count up from the last formed disc space and determine which level 
requires the discectomy. Numbering individual segments on separate studies may lead to discrep
ancies and wrong-level exposure. In addition, we recommend labeling the levels on printed radio
graphs and correlating this with MRI findings both with the patient and at the time of dictation to 
decrease any discrepancies. 

Other possible complications include inadequate decompression, spinal fluid leak, recurrent her
niation, and postoperative wound infection. Spinal fluid leaks occur in up to 4% of primary surgery 
and up to 20% on revision discectomy. Recurrent herniation occurs 5% to 10% of the time, and 
postoperative wound infection is typically 1% to 2% with discitis 0% to 2% of the time. Rarer com
plications include great vessel injury with penetration of the anterior/lateral annulus or nerve root 
laceration. 

CONCLUSION 

The natural history of sciatica and radiculopathy secondary to lumbar disc herniations is generally 
quite favorable, with 6 to 12 weeks of conservative management typically allowing for resorp
tion and subsequent pain relief in most cases. Patients that do not improve are candidates for 
operative intervention. Although many techniques are available for decompression, open lumbar 
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microdiscectomy with the use of the operating microscope or loupe magnification remains the most 
common technique for addressing this pathology. Meticulous technique as described above can aid 
the surgeon in achieving successful outcomes in the vast majority of patients. 
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Lumbar 
Discectom 
Using a Tu ular 
Retractor System 
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D. Greg Anderson 

L
umbar microdiscectomy is the most commonly performed spinal operation (4). In 1909, 
Oppenheim and Krause described the removal of a herniated lumbar intervertebral disc 
using a midline posterior lumbar tnmsdural approach, though they misunderstood the 
pathology and believed the disc herniation was a type of tumor (chondroma) (2S). In 
1934, Mixter and Barr (23) described the cause/effect relationship between lumbar disc 

hemi.ation and sciatica. As surgical techniques evolved, extradural b.e.milaminecto became the 
standard approach for retrieving herniated lumbar disc fragments. In an effort to improve surgical 
outcomes, there bas been a general interest in reducing the iatrogenic surgical trauma to the muscles, 
ligaments, and joints surrounding the surgical site. 

Over the years, there has been a trend toward less invasive surgical techniques for the treatme.nt of 
lumbar disc bemiat:ions. Caspar and Yasargil separately described the concept of microdiscectomy 
in the 1970s (1,37). Kambin (17) used a modified arthroscope to perform lumbar discectomy. Foley 
and Smilh (12) de.sigoed 1he microendo6copic (MED) system for lumbar discectomy in 1997. The 
liCCODii generation of the MED system was developed in 1999, allowing surgeons to address migrated 
bemiatM disc fragments and lateml recess stenosis (40). Various tubular retractor systems have been 
introduced in recent years, allowing microdi.scectomy to be pcrlormed d:Jrough progressively smaller 
surgical incisions. At least as equal in importance to the development of tubalar retractor systems bas 
been the improvement in viewing options including surgical endoscopes and operative microscopes. 
Using modem turolar mractor systems and surgical microscopes, the removal of herniated disc frag
ments bas become a routine minor operation, commonly pcrlormed on an oatpatient basis. 

CLINICAL PRESENTATION 

Symptoms 
The most common symptoiD8 of a lumbar disc herniation include radiating pain from the lumbar 
area to one or both extremities (following a dermatomal distribution), numbness or paresthesias, and 
muscle weakness. The symptoms generally begin abruptly; however, some patients may describe 
an evolution of pain in the lumbar spine, which progresses into the leg over a period of time. The 
symptoms may begin following some inciting event or during the course of normal daily life. In rare 
cases, patients may develop symptoiD8 of saddle anesthesia and sphincter disturbance (cauda equina 
syndrome), which is COIUI.idered to be a surgical emergency. 

293 



294 PART III Lumbar Spine 

Physical Examination 
The physical examination begins with a general inspection of the patient, which includes the gait 
and posture. Patients with severe radicular pain may avoid significant walking or present with a 
slightly flexed or side bent posture. Muscle spasm may be present in the acute phase of sciatica. 
The straight leg raise test (hip flexion with knee extension) may increase or reproduce the sharp, 
lancinating leg pain (1 0). A detailed neurologic examination is of paramount importance and should 
include motor, sensory, and reflex testing. Patients with symptoms of possible cauda equina syn
drome should undergo rectal examination. 

DIFFERENTIAL DIAGNOSIS 

Many conditions may mimic the presentation of a lumbar disc herniation. The differential diagnosis 
includes tumors of the spinal column or neural elements, various forms of peripheral nerve patholo
gies (diabetic, entrapment, etc.), osteoarthritis of the lower extremity, instability of the lumbar spine, 
and spinal infections or fractures. 

DIAGNOSIS AND IMAGING 

The MRI is the imaging modality of choice for the evaluation of the lumbar spine in the setting of a 
patient suspected to have a lumbar disc herniation. It is important to know, however, that a consid
erable percentage of asymptomatic individuals will have abnormalities on lumbar MRI; hence, the 
symptoms and MRI findings must be carefully correlated (6). 

For patients with contraindications to an MRI, cr myelography is an acceptable alternative (19). 
Plain radiographs, including dynamic flexion/extension films, are helpful in the diagnosis of lumbar 
instability or abnormalities of the lumbosacral segmentation. 

In questionable cases or those with other related disease processes (e.g., diabetic patients), elec
tromyography may also be helpful. 

INDICATIONS 

Most patients with symptomatic lumbar disc herniations will respond to nonsurgical treatment. In 
patients with acute, severe symptoms, a short course of bed rest (24 to 48 hours) may be helpful. 
Short-term oral analgesic medications may be used to control severe pain. Nonsteroidal anti
inflammatory drugs are often helpful in reducing symptoms. Less frequently, patients may require a 
short course of oral corticosteroids. In patients who fail to respond to initial treatments, lumbar epi
dural steroid injections may be considered. These procedures have been shown to reduce radicular 
symptoms in many patients (5). Some studies have suggested that patients who respond temporarily 
to a lumbar epidural steroid injection are more likely to have a favorable outcome with surgical 
treatment (31). Physical therapy, chiropractic treatment, and acupuncture have been promoted as 
treatment options for acute sciatica, although the quality of the data supporting these interventions 
is suboptimal. 

The indications for a microendoscopic discectomy using a tubular retractor system are identical to 
those for a traditional open microdiscectomy. Patients with cauda equina syndrome or profound and 
severe and progressive motor weakness should be treated surgically in an urgent fashion (1,18,28). 

The most frequent indication for surgery in the setting of a lumbar disc herniation is leg pain 
symptoms, which fail to respond adequately to nonsurgical care. Most experts agree that severe leg 
pain that has not responded adequately to a 6-week course of nonsurgical care constitutes a reason
able indication for surgical intervention. Other indications such as isolated sensory loss and isolated 
lower back pain in the setting of a lumbar disc herniation do not have substantial evidence-based 
support for a surgical approach at the current time. 

Contraindications and Special Situations 
Although there are no absolute contraindications to lumbar discectomy with a tubular retractor 
system, certain situations are best approached by experienced hands. 

For example, compared to nonobese patients, morbidly obese patients present a greater technical 
challenge, although the theoretical advantages of a smaller surgical dissection in this patient popu
lation are substantial. Morbidly obese patients require the surgeon to consider the distance from 
skin to spine relative to the length of the available retractor system. Open field MRI may allow the 
surgeon to measure this distance during the preoperative planning session. Most tubular retractor 
systems have maximal lengths of 90 to 100 mm. Distances from skin to spine that are longer than 



23 Lumbar Discectomy Using a Tubular Retractor System 

this will require a "cut down" in order for the tube to be docked on the spine. Although the difficulty 
of such a case is increased, in experienced banda, the efficacy of a minimaJJy invasive approach is 
supported in the literature (36). 

Revision disceotomy presents another technical challenge. Due to adhesions, the rate of dural 
tear is increased regardless of the surgical approach. Again, with experience, revision mrgery is fea
sible; however, such cases are not recommended for Surge<mB early in the learning curve of tubular 
retractor-based smgery (22). 

ADVANTAGES AND DISADVANTAGES OF USING 
A TUBULAR RETRACTOR SYSTEM 

The primary goals of microdiscectomy using a tubular retractor system are not different from those 
of a traditional open microdiscectomy. It is critical that the surgeon achieve adequate decompression 
of the neural elements and remove all free disc material regardless of the approach. Using a tubular 
retractor system, surgery can theoretically be done with less dissection of the paraspinal soft tissues, 
reduced retractor pressure, more sparing of multifidus muscle, and a reduced devascularization of 
the area (16). Multiple studies regarding tubular-based microdiscectomy have suggested advan
tages of this approach including decreased postoperative pain, more rapid postoperative mobiliza
tion, decreased hospital stay, decreased narcotic usage, decreased surgical blood loss, and a quicker 
return to work or normal activities (9,14,40). Schick et at. (32) reported less root irritation during 
tubular retractor-baaed microdiscectomy compared to open microdiscectomy using intraoperative 
BMG monitoring. Arts et al. in a randomized clinical trial compared muscle injury between tubular
based microdiscectomy and conventional microdiscectomy. In dlls study, they measured the cross-
sectional area of the multifidus muscle following mrgery and failed to find a significant difference 
between the groups (2). 

The steep learning curve of microdiscectomy using a tubular retractor system has been proposed 
as a potential disadvantage of the procedure. During the learning curve phase, a surgeon should 
anticipate longer operative times and potentially higher complication rates. Nowitzke et al. and 
Rong et al. have suggested that the length of the learning curve is approximately 30 cases, although 
it is logical to assume that various surgeon-related factors may affect this length (24,29). 

TECHNIQUE 

Minimally invasive lumbar discectomy, using a tubular retractor system, may be performed with 
either general or epidural anesthesia depending the surgeon's preference. The patient is positioned 
prone on a radiolucent spinal frame, and a standard sterile preparation and draping of the surgical 
field are performed. The site of incision is determined by first palpating and marking anatomic land
lli.IU'k5 including the spinous processes, the intercrestalline, and the posterior superior iliac spines. An 
18-gauge spinal needle is introduced at the site of the proposed surgical incision, and lateral Carm 
:fluoroscopy imaged is obtained to ensure that the site of the proposed incision is optimally placed to 
reach the lumbar disc herniation (Fig. 23-1). Next, an incision, equal in length to the diameter of the 
tubular retractor, is placed approximately 2.5 em lateral to the midline. In an obese patient, a more 

FIGURE 23·1 

Fluoroscopic confirmation of the level of 
surgery. 
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FIGURE 23-2 
Subperiosteal dissection with a Cobb ele
vator. 
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lateral incision should be used. The skin and thoracolumbar fascia are sharply incised to reach the 
muscular compartment. Next. a small Cobb elevator is introduced through the incision and doclred 
against the medial lamina. Gentle subperiosteal dissection with the Cobb is used to separate the soft 
tissue from the bone, preparing the bony docking site for the tubular retractor (Fig. 23-2). Sequential 
dilators are then introduced through the incision and docked against the medial lamina (Fig. 23-3). 
The initial dilator is used to palpate the caudal edge of the lamina, which is the preferred docking 
site. After serial dilation, a tubular retractor of appropriate length is selected and docked against the 
lamina and then secured to the table-mounted retractor holder (Fig. 23-4). Fluoroscopy is used to 
confirm proper positioning of tubular retractor prior to proceeding (Fig. 23-5). 

Viewing can be achieved with an endoscope or microscope, although the authors find the opera
tive microscope to provide superior three-dimensional visualization. After sterile draping, d:le opera
tive microscope is brought into the field and focused on the operative field at the floor of the tubular 
retractor. Any remaining soft tissue overlying the lamina is cleared away using electrocautery to 
provide good visualization of the boDy lamina. Next, a plane is developed between the inferior 
margin of lamina and underlying ligamentum ftavum using an angled curette. The caudal aspect of 
the lamina is then resected using a Kenison rongeur or high-speed drill to allow access to the site of 
the disc herniation (Fig. 23-6). The amount of bone removed will depend on the site of the hernia
tion and the lumbar level. The ligamentum ftavum is then released and resected as needed to gain 
access to the spinal canal (Fig. 23-7). A Woodson elevator is used to palpate the medial boarder of 
the pedicle, which is a useful landmark for localization within the spinal canal. The traversing nerve 
root is identified, and a plane beneath the nerve root is established. 

At times, due to chronic inflammation or prior surgery, the plane along the nerve root may 
be difficult to establish due to adhesions. In these cases, careful dissection of the plane, starting 
cephalad or caudal to the site of the adhesions, may be required to free up the nerve root and allow 

FIGURE 23·3 
Sequential dilators used to establish 
the corridor for the tubular retractor. 
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FIGURE 23·4 
Tubular retractor secured to the 
table. 

FIGURE 23·5 
Tubular retractor position confirmed 
by fluoroscopy. 

FIGURE 23·8 
Laminotomy using a high-speed 
drill. 

297 



298 

FIGURE 23·7 
Exposure of the nerve root and dural 
sac following laminoforaminotomy. 
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access to the venttal aspect of the epidural space. Once the nerve root is adequately mobilized, it is 
retracted, and the ventral epidural space is explored to identify the disc herniation. With contained 
herniations, it is preferred to work through the already-present annular disruption, if possible, rather 
than create a new annular incision. A Penfield no. 4 is used to palpate and lyse any membrane that 
overlies the site of the herniated disc, and all loose herniated material is evacuated (Fig. 23-8). The 
disc space is explored through the preexisting annular defect to ensure the absence of any addi
tional loose fragments within the space. Also, the spinal canal is "swept" with a long 90-degree 
ball-tipped probe to be sure that no migrated disc material has been missed. Next, meticulous 
hemostasis is achieved. Any active bleeding from epidural veins is controlled with bipolar cautery. 
Any bleeding from bony edges is conttolled with a light coating of bone wax. Irrigation of the site 
is performed, followed by withdrawal of the tubular retractor. The tubular retractor is withdrawn 
slowly with careful evaluation of the soft tissue along the site of the operative tract to ensure that 
no significant bleeders are missed. Any bleeding encountered during rube withdrawal is controlled 
by bipolar cautery. The fascia and skin are then closed with absorbable sutures (Fig. 23-9). The 
subcutaneous tissues are injected with local anesthetic to reduce postoperative pain, and a small 
bandage is applied. 

Far Lateral Herniations 
Far lateral herniations make up 7% to 12% of all lumbar herniations (11). In the past, there has been 
controversy regarding the optimal approach to access a far-lateral lumbar herniation. Fortunately, a 
tubular retractor system provides an optimal approach. 

The surgical setup is identical to that described above. The site of the incision, however, is 
significantly more lateral and should be positioned about 2 em lateral to the lateral margin of the 
facet joint or 5 em. lateral to the midline. The exact site may vary depending on the size of the patient, 

FIGURE 23-8 
Disc material evacuation. 
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FIGURE 23-9 
Final surgical incision for a two
level surgical procedure. 

and a more exact estimate of the location of the incision can be measured from the preoperative MRI 
study. A spinal needle is inttoduced along the proposed site of the surgical incision. Anteroposterior 
and lateral fluoroscopy are used to confirm the location prior to making the surgical incision. 
Following incision and serial dilation, the tubular retractor is docked at the base of the caudal 
ttansverse process and secured to the operating table. 

Under microscopic visualization, residual soft tissues are removed so that the transverse process 
and intert:ranaverse membrane are identified. The intertransverse membrane is then released from 
its boDy attachments, and the undersurface of the pars interarticularis is palpated to identify the 
location of the exiting n.e.rve root. The lateral margin of the disc space is also identified medially 
in the so-called triangular working zone. It is typical to encounter multiple venous bleeders during 
this approach, and meticulous use of bipolar electrocautery should be used to maintain a dry surgi
cal field. Not uncommonly, a small portion of lateral aspect of superior articular process will need 
to be drilled away to gain access to the caudal portion of the foramen. The location of the disc frag
ment can vary, but is most often found just ventral to the exiting nerve root. By sweeping beneath 
the nerve root with a small ball-tipped probe. the free disc material can often be identified and 
evacuated. Disc material lodged within the foramen may also be removed by sweeping along the 
foramen from cranial to caudal using the small ball-tipped prove. If a defect in the annulus is seen., 
this area can be explored for additional free disc material. If significant foraminal stenosis is pres
ent, additional bone from the superior articular process can be removed to enlarge the neural fora
men. Care should be taken to minimize manipulation of the dorsal root ganglion and exiting nerve 
root as overmanipulation of this structure may lead to postoperative symptoms of radiculitis. After 
decompression of the exiting nerve root, the surgical steps are identical to that described above. 

CONVERSION TO AN OPEN TECHNIQUE 

If adequate decompression cannot be achieved via the tubular rettactor, the surgeon may convert to 
an open technique although this is very rarely needed in experienced hands. 

Even in the setting of a dural tear, it is preferable to perform an adequate repair, working 
through the tubular retractor, as the lack of significant wound dead space is helpful in reducing 
the risk of a persistent cerebrospinal fluid leak or durocutaneous fistula. Dural repair techniques 
are demanding when working through a tubular retractor system but are achievable using a micro
pituitary instrument as a needle driver and an arthroscopic knot pusher (8,35). Other techniques 
have been also described, such as the use of surgical clips. working through a minimally invasive 
approach (34). 

POSTOPERATIVE MANAGEMENT 

Following lumbar microdiscectomy with a tubular retractor system. patients are generally mobi
lized and discharged on the same day as surgery. Patients are encouraged to begin a walking pro
gram immediately and to resume normal daily activities as tolerated. A rehabilitation program 
incorporating core muscle strengthening and aerobic conditioning is initiated within weeks follow
ing surgery. 
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COMPLICATIONS 

Dural Tears 

Dural tears are a relatively conunon occurrence during spinal surgery with an incidence of up to 
13.7% for lumbar spinal procedures (27,38-40). Although Tel et al. reported a higher rate of dural 
tears with minimally invasive lumbar surgery, inferior outcomes were not found (21). Due to the 
lack of substantial wound dead space, there appears to be a reduced incidence of major cerebral 
spinal fluid (CSF) leakage or wound breakdown. Several studies have shown no long-term impact 
on patient outcome when successful management of dural tears is achieved (38). 

Inadequate Decompression 

Persistent symptoms due to inadequate decompression or residual herniated disc material can occur 
with any form of lumbar decompression. In the event of this type of complication, it is best to pro
ceed with reexploration of the site to achieve an adequate decompression before substantial scarring 
has had time to unify. 

Surgical Site Infection 
Infection rates following tubular access surgery are low. O'Toole et al. (26) found only 0.22% post
operative surgical site infections in 1,274 patients following minimally invasive surgical (MIS) pro
cedures. In the rare event of a wound infection, treatment with debridement and antibiotic therapy 
should be instituted. 

Neural Injury 

Nerve root injury can generally be prevented with careful surgical technique. Prevention is pam
mount, because treatment options are limited for this problem. 

RESULTS 

Various studies have reported the clinical outcomes of :MIS decompression in comparison to the tra
ditional open lumbar discectomy. Smith et al. retrospectively reviewed 16 consecutive cases of recur
rent lumbar disc herniations treated with a tubular retractor system. In his series, there were two cases 
with dural tears treated with dural sealant without any long-term consequence. Approximately 80% 
(13 cases) had excellent or good outcome (modified McNab criteria), and the remaining three cases 
had fair outcomes. There were no cases of delayed instability (33). Salame and Lidar reported a retro
spective analysis of 31 patients treated for far-lateral disc herniations using a tubular retractor system 
and operative microscope. They found a low rate of complications with this approach and achieved 
significant improvement in SF-36 and VAS scores for back and leg pain (30). Harington and French 
reported the results of two groups of patients treated by either midline microdiscectomy or a mini
mally invasive approach for a one-level disc herniations. They found no difference in terms of surgical 
time, blood loss, or complications (14). German et al. (13) also found no significant differences in the 
operative time, rate of cerebrospinal fluid leak, or the need for a physical therapy consultation when 
comparing surgery with and without a minimally invasive approach. Lee et al. reported similar rates 
of dural tear, nerve root injury, reherniations, and wound complications for :MIS discectomy using 
tubular retractor system in comparison to traditional lumbar microdiscectorny. There was, however, 
a statistically significant reduction in the length of hospital stay and reduced narcotics usage with the 
:MIS approach (20). Arts et al. compared tubular microdiscectomy and conventional microdiscectomy 
in a prospective, randomized controlled trial. Outcomes were measured with the Roland Morris dis
ability questionnaire, VAS for back and leg pain, and a self-reported recovery (measured on a 7-point 
Likert scale). The surgical technique for both groups of patients used a midline incision of 25 to 30 mm 
in length, with lateral retraction of the incision for the tubular retractor cohort. They found no statisti
cally significant differences in outcome between the groups although there were more favorable mean 
scores reported on several scales for the conventional microdiscectomy group (20). A criticism of the 
Arts et al. study is the altered surgical technique in the tubular retractor group: Using a midline rather 
than paramedian incision would logically increase the soft tissue stretch necessary to place the tubular 
retractor and produce an abnormal trajectory of visualization. Hormuzdiyar et al. performed a meta
analysis, which included six trials and 837 patients (388 cases randomized to an MlS approach and 
449 cases with an open approach). Although incidental durotomies were significantly more frequent in 
the :MIS group, total complication rates were not significantly different. No difference in leg pain relief 
was found between the two techniques (3,15). 
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CONCLUSION 

Advances in surgical instrumentation, retractor systems, and operative microscopes have allowed 
surgeons to perform lumbar discectomy routinely using a tubular retractor system and operative 
microscope. Although the tubular retractor approach does have a learning curve, there are a number 
of theoretical advantages with this approach, which make the procedure worth considering. In expe
rienced hands, long-term outcomes are comparable to conventional microdiscectomy. However, a 
reduction in postoperative pain, hospitalization, recovery time, and blood loss is achievable with 
this technique. 
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Transpedic 
Fixation: Open 

Mark S. Eskander, Jesse L. Even, and James D. Kang 

R
oy-Camille et at. (7) introduced the idea of transpedicular screw fixation to lbc forefront 
of spinal surgery in 1963. Since then. open transpedicular fixation techniques are one of 
the most utilized in the treatment of a variety of spinal disorders. Pedicle screw fixation 
can rigidly control the three coiUIDILll of the spine but needs an intact pedicle to do so. 
Some of the indications for transpedicular fixation include resisting translational insta-

bility, resisting axial instability, and controlling complex deforming forces (5,6). 

INDICATIONS 

There are many iDstanc:es where tran&pedicular fixation is utilized by the surgeon to treat a parti.cular 
problem. A clear understanding of the clinical problem and a patient's particular anatomy will deter
mine when to use transpedicular fixalion techniques (4). The following are some disease processes 
that are amenable to transpc:dicular fixation. 

1. Degenerative disease 
a. Spondylolisthesis 
b. Disk degenention (after multiple herniations) 
c. Degenerative scoliosis 

2. Trauma 
3. Deformity 

a. Scoliosis 
b. Kyphosis 

4. Tumor 
a. Metastatic 
b. Primary 

5. Malunion (flatback syndrome, angular deformities after prior surgery) 
6. Osteomyelitis (if infection is under control and spine is unstable) 
7. Cervical 7 pedicle screw (when the C71ateral mass is disrupted afb:r foraminotomy) 

While transpedicular fixation of the spine has many uaes and indications, there are seve.ral circum
stances where it is contraindicated and may be a detriment to the patient and the spinal reconstnJc. 
tion construct. 

CONTRAINDICATIONS 

1. Osteopenia/osteoporosis 
2. Atrophic/dystrophic pedicle& 
3. Congenital absence of pedicle& 
4. Fractures that disrupt the pedicle 
5. Active infection 
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FIGURE 24·1 
Lateral scout view from her CT scan. This 
scan illustrates her kyphotic deformity 
from her burst fractures at L3 and L4. 

PREOPERATIVE PREPARATION 

PART III Lumbar Spine 

As with all areas of spinal surgery, preoperative planning is essential. After a thorough history 
and physical examination, complete radiographic evaluation of the spine is next. This is a case of 
a 20-year-old female who fell off a roof and sustained L3 and lA burst fractures. The plan for this 
patient was a posterior spinal fusion (PSF) L2 to llium with iliac crest bone graft (ICBG), repair of 
traumatic durotomy, and reduction of retropulsed fragments from the canal. The patient's preopera
tive studies are shown; Figure 2.+ 1 is a lateral scout view from her computerized tomography (CT) 
scan. This scan illustrates her kyphotic deformity from her burst fractures at L3 and IA. Figure 24-2 
is a midsagittal CT showing the severity of the burst fractures with special attention to the canal 
compromise at lA and the loss of lordosis. There are also some minor compression fractures at 

FIGURE 24·2 
Midsagittal CT showing the severity of the 
burst fractures with special attention to 
the canal compromise at L4 and the loss 
of lordosis. There are also some minor 
compression fractures at T11-L 1. 
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FIGURE 24-3 

Midsagittal T2-weighted MRI showing 
burst fractures with significant canal 
compromise at L4. 

T11-Ll. Figure 24-3 is a midsagittal '1'2-weigbted. magnetic resonance imaging (MRI) showing 
bunt fractures with significant canal compromise at L4. 

JYpically, our patients will have anteroposterior (AP) and lateral (flexion and extension) plain 
radiographs. Often more advanced imaging will ensue. This can include MRI and cr with and 
without myelography. H the cervical spine is being evaluated, a CT angiogram i.a preferred to help 
undetstand the vasculature in the neck. It is also important to note the alignment of the patient's 
spine when positioned on the operating room table with a cross-table lateral radiograph. This image 
i.a very useful to gauge the trajectory of the screw placement intraoperatively. This is particularly 
helpful in the setting of i:n&tability, secondary to trauma; infection; or tumor, where restoring spinal 
alignment is of the upmost importance. It is also helpful after performing osteotomies to visualize 
the correction that was obtained. 

TECHNIQUE 

Patient Positioning 

The patient is gently flipped onto the Jackson table in the prone position. The pads of the Jackson 
frame support the chest and the iliac wings, allowing for gravity-assisted reduction of the fractured 
spine. The knees are slightly flexed with pads under each knee. The face is held in a prone view 
headrest with foam cushions. The eyes are free from any contact and pressure points. The arms are 
positioned on arm holders with padding. The palms are placed in the pronated position, and the 
elbows are flexed at 90 degrees. The shoulders are abducted and externally rotated to 90 degrees but 
forward flexed to 20 degrees to keep tension off of the brachial plexus. 

Approach 

After being prepped and draped, a midline incision with a no. 10 blade is then made from the bot
tom of Ll down to the sacral junction. This incision i.a then taken down to the fascia level using a 
Bovie electrocautery device. The fascia is then divided to expose the posterior aspect of the spinous 
process and lamina ofL2, L3, lA, LS, and Sl as well as the sacral alar area. A Richardson retractor 
is then utilized to pull tension on the muscular attachments on the facet capsules, while the Bovie 
is used to carefully dissect the tissues of off the capsule and to further the exposure out to the trans
verse process. The transverse processes of L2 through LS are exposed along with the sacral ala of 
S 1. The posterior aspect of the posterior superior iliac spine (PSIS) is then also exposed through the 
same midline incision. After the exposure is completed, a Kocher is placed at the L3 spinous process 
and a lateral x-ray was then taken to confum.levels. Figure 24-4 is a lateral plain radiograph show
ing the restoration of lordosis after positioning on Jackson table in the prone position. At this time, 
a dural repair and fracture reduction are performed. Figure 24-S is a postoperative midsagittal cr 
scan showing reduction of retropulsed bone from the canal. 
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FIGURE 24·4 
Lateral plain radiograph showing the 
restoration of lordosis after positioning on 
Jackson table in the prone position. 

Bone Graft 

PART III Lumbar Spine 

Autogenous ICBG has been the gold standard in spinal fusion surgery against which all other graft
ing materials must be measured. Other authors have investigated the use of allograft. ceramics, and 
biologics such as bone morphogenetic protein (8). 

We utilize a separate oblique incision over the posterior iliac wing, but the original midline inci
sion may be subcutaneously mobilized to expose the iliac crest thereby avoiding another incision. 
The posterior iliac spine is identified along with the iliac crest too anteriorly, because the cluneal 
vessels and nerve may be inadvertently encountered. In addition, as the dissection is carried toward 
the sciatic notch, caution must be exercised to avoid injury to the superior gluteal artery. When cut, 
this artery may retract into the pelvis, making hemostasis difficult. 

Corticocancellous strips of iliac crest are obtained with osteotomes, and much of the cancellous 
is obtained with gouges. The largest of cancellous bone is usually found directly under the PSIS. 

FIGURE 24-5 
Postoperative midsagittal CT scan show
ing reduction of retropulsed bone from the 
canal. 
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A 

FIGURE 24-6 

A: Axial view for the starling point and trajectory for pedicle screw placement. 
B: AP view for the starling point and trajectory for pedicle screw placement. 

During the bone harvest, care is talren to avoid entering the sacroiliac joint, because this may be 
a source of persistent pain postoperatively. Once the bone graft is obtained, bone wax and dry 
Gelfoam are used to achieve hemostasis from the bleeding bony surfaces, and the wound is closed 
in layers over a Hemovac drain. 

Instrumentation (L2-S 1) 

'With the laminae thoroughly exposed out to the facets, one must be careful to not damage the facet 
joint immediately above the most cephalad screw, in our case the Ll- 1..2 facet joint. In Ibis case, 
which is a bit unusual, there are two burst fractures at L3 and IA. We elected to stabilize these 
fractures by iDlltrumenting from L2 into the ilium We again looked at our intraoperative lateral 
radiograph to detennine the trajectory of our screw placement and to make sure the fractures bad 
fallen back into a normal lumbar lordosis. 

A 4-mm bur was used to identify the starting point (Figa. 24-6A and B, 24-7 A) for the L2 pedicle 
screw on the right side fint, which was then cannulated using a pedicle finder (Fig. 24-7B). Prior 

FIGURE 24·7 
A: Diagram illustrating the lateral starting point for the 
bur. B: Diagram illustrating the lateral starling point for 
the pedicle finder. C: Diagram illustrating the lateral 
starting point for the pedicle screw. 

307 



308 PART III Lumbar Spine 

to screw insertion, a ball tip feeler is used to make sure that there are no pedicle violations of our 
channels. A 6.5 x 40 rnm screw was then placed on the right side of L2 (Fig. 24-7C). Using the 
same technique, the contralateral L2 pedicle screw was also placed as well as bilateral L3, bilateral 
L5, and bilateral Sl pedicle screws. The pedicles at L4 are skipped due to fracture comminution. 
S1 pedicle screws were placed bicortically using 7.5 x 45 rnm screws. 

In the case of degenerative spines where a laminectomy is performed as well, we recommend first 
performing the laminectomy. Subsequently, with an open canal, one can palpate the pedicles using 
the Woodson and be sure the screws are placed anatomically. Extra caution is used when placing the 
screws, and avoidance of the inferior medial position is paramount in avoiding injury to the travers
ing and exiting roots (10). 

Instrumentation (Ilium) 

With the underside of the PSIS exposed in our midline incision, a 4-rnm bur is used to bur the start
ing point of the pelvic fixation in the medial aspect of the posterior iliac crest. This is then carefully 
guided in between the inner and outer tables of the pelvis using a pedicle finder. A window into 
the PSIS from ICBG harvest allows for guidance of the pedicle finder between the inner and outer 
tables easily on the right side. The left side however is done with a blind technique, using the right 
as a template for the trajectory of the corresponding iliac screw. A tap is used to carefully sound 
this trajectory. A 7.5 x 80 rnm screw is placed in the right side of her ilium for pelvic fixation. The 
contralateral iliac screw is also placed. An appropriate size rod is bent to lordotic posture, cut into 
appropriate length, and placed dorsally to span from L2 through ilium, and caps were then placed 
to secure the screw rod interface and finally tightened with a torque limiting driver. We then placed 
a cross-link between the L3 and L5 pedicle screws. 

Posterior Arthrodesis 

Careful exposure of all bony landmarks is of importance. We want good visualization of the lamina, 
pars, facet joints with undisrupted capsule, and the transverse processes. The exposure of the pars 
will prevent an inadvertent resection during decompression. This is most important in the setting of 
noninstrumented fusions. A pars resection may lead to iatrogenic instability. Just lateral to the pars 
is the artery of the pars, which can be controlled with a Bovie or bipolar cautery device. One must 
carefully preserve the facet capsule to minimize instability (1). When using instrumentation, it is not 
problematic to resect the hypertrophic joints and capsule. 

A Richardson retractor can be used to help expose the transverse processes or the ala as dis
section is carried laterally over the facet joints. It is important at this point to remember the 
anatomic relationships. The transverse process of L4, for example, is located slightly cephalad 
to the pars and lateral to the L3-L4 facet joint. It is also within this region that the most sig
nificant arterial bleeding can occur via the transverse process artery. The artery emerges at the 
upper aspect of the junction of the transverse process with the pedicle ( 4 ). This artery should be 
cauterized at this point as inadvertent injury may lead to retraction and difficulty in controlling 
after the fact. 

The intervening muscle and soft tissue between the transverse processes are cleared at this point 
to allow for a clean trough for the placement of bone graft. The transverse process and lateral wall 
of the facets are decorticated using the high-speed 4-mm bur. For fusions into the sacrum and ilium, 
we decorticate the posterior aspect of posterior iliac crest as well as the sacrum. 

The autograft bone that was obtained from the right iliac crest is carefully morselized and mixed 
with the allograft cancellous bone. The bone graft is then scattered and packed into the dorsal lateral 
gutters to span from L2 through pelvis to ensure that there is complete coverage of the decorticated 
areas. It is important to meticulously pack the bone graft underneath the screw heads to facilitate the 
posterior arthrodesis from L2 through pelvis. We then obtain PA and lateral radiographs to confirm 
good position of the hardware and fracture alignment (9). Figures 24-8 and 24-9 demonstrate the 
final construct with PA and lateral plain radiographs. The LS pedicle screw on the right was felt to 
be too inferior based on this plain radiograph. We removed the screw and used a ball tip to sound the 
path, and no defects in the cortical pedicular wall were noted. However, we decided to reposition the 
screw in a more cephalad orientation. 

PEARLS AND PITFALLS 

1. Optimal positioning and padding of the patient and their extremities is of the foremost 
importance. 
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FIGURE 24-8 

Final PA plain film showing hard
ware position. The L5 pedicle screw 
on the right was felt to be too infe
rior based on this plain radiograph. 

2. Careful inspection of how the patient lays on the table is aitical for proper fusion position. 
3. Careful exposure of all relevant anatomy will avoid an emmt hardware pl.ac:::ement. 
4. Careful preoperative planning so that all imaging studies have been reviewed and all of the 

m.aterlalslinstJ:u.Irumtation for the case are available. 

FIGURE 24-9 
Final lateral plain film showing hard
ware position. The l5 pedicle screw 
on the right was felt to be too infe
rior based on this plain radiograph. 
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5. Having a backup plan in place in case the instrumentation is inadequate. Being able to 
adjust from one plan to another in a seamless fashion is a key to avoiding surgical compli
cations. 

POSTOPERATIVE MANAGEMENT 

1. We routinely use Hemovac drains for instrumented lumbar fusions. The drain can be pulled 
after 24 to 48 hours or less than 50 rnUshift of output. H there is a dural tear, the drain can be 
left in longer to continue to decompress the subfascial space. 

2. After a sterile dressing is applied, the patient is logrolled onto the hospital bed. 
3. The head of the bed can be elevated to 30 to 60 degrees. (Keep patient flat for 24 hours if dural 

repair was performed.) 
4. Patients are ambulatory day 1 after surgery. They work with therapists for the next few days in 

the hospital. 
5. In an uncomplicated hospital course, patients typically leave for home after 3 to 5 days. 
6. Patients will have either a corset for comfort or a thoracic lumbar sacral orthosis (TLSO) if they 

had larger reconstructive surgery. 
7. Patients will have a narcotic supply for 6 weeks after surgery. 
8. Patients may drive 1 month after surgery. 
9. Patients should avoid lifting greater than 10 pounds in the 1st month. 

10. Patients can return to a desk job at 1 month, light duty labor jobs at 3 to 6 months, and heavy 
duty labor jobs at 6 to 12 months. 

COMPLICATIONS 

1. Hardware failure--May require revision if the fusion does not heal in an acceptable position 
2. Dural tear-Adequate repair and bed rest typically resolve this issue. However, if there is a per

sistent symptomatic leak, a dural patch and shunt may be needed to seal the defect. 
3. Infection-Usually serial washouts and treatment with IV antibiotics will resolve the infection. 

In cases where the infection is refractory to these methods, removal of instrumentation may be 
necessary to fully eradicate the infection. 

4. Wound dehiscence-Often application of wet to dry dressing changes or a vacuum-assisted 
closure devise can be helpful in achieving closure by secondary intention. A careful evaluation 
of the patient's nutrition status is needed in these situations to optimize wound healing along with 
a possible plastic surgery consultation. 

5. Deep vein thrombosis/pulmonary embolism (DVT/PE)-These issues may be treated with Cou
madin in cases that show substantial clotting. Generally, it is safe to anticoagulate at 72 hours 
after surgery, but one must be vigilant for formation of a compressive hematoma in the epidural 
space. 

6. Nerve root injury-Identification on CT scan of the aberrant screw and repositioning of the 
offending agent (typically malpositioned screw) 

7. Adjacent segment diseast>-Careful handling of the facet above the fusion level may help to 
avoid this problem. This is a known issue that needs to be monitored over the next few years 
with serial radiographs. It can occur at a rate of 10% in 10 years but can occur sooner in some 
situations. 

RESULTS 

As with all cases in spine swgery, the expectation of a positive outcome is dependent on a num
ber of factors including patient selection, presenting diagnosis, expectation of patient/surgeon, and 
optimal surgical techniques. With modem techniques for posterior spinal fusions using ICBG, one 
can expect 85% to 90% fusion rates (2,3). 
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Transpedic 
Fixation: 
Minimally 
Invasive 

Siddharth B. Joglekar and James D. Schwender 

P 
edicle screw instrumentation has a history that spans less than 50 years since the first 
description of pedicle screw plating by Raymond Roy-Camille in 1970 (28). Owing 
to their biomechanical and clinical superiority, pedicle screws have become the spinal 
anchors of choice for fusion over the last two decades. More recently, less invasive para
median and percutaneous pedicle screw placement has become widely used to reduce 

the surgical trauma of the erector spinae musculature. Percutaneous pedicle screw insertion may be 
traced back to Magerl (17) who first described the "fixateur exteme" for the lumbar spine in 1980 
and 1984. This technique included percutaneous insertion of posted Schanz screws into the pedicles 
followed by external bridging of the construct with rods. While the first description of percutaneous 
pedicle screw instrumentation followed just 10 years after introduction of pedicle screws, it has talren 
the next three decades for surgeons to develop it into a safe and universally acceptable technique. 

Mini-open placement of screws through the transsacrospinalis posb:rolab:ral portal with the help 
of specialized rettactor systems has also become a popular minimally invasive spine (MIS) tech
nique. The development of MIS screw placement techniques has been paralleled by the development 
of radiologic and computer-aided guidance systems to improve accuracy of screw placement. 

INDICATIONS 

Minimally invasive pedicle screw placement can be used to stabilize the spine in almost every situa
tion where open placement of screws is indicated including degenerative. traumatic, infectious, and 
neoplastic etiologies. In obese patients in whom open placement would be challenging, MIS screw 
placement may be preferable. 

CONTRAINDICATIONS 

There are no absolute contraindications to minimally invasive placement of pedicle screws. MIS 
pedicle screws would be relatively contraindicated in the following situations: 

1. Lack of technical expertise or adequate experience 
2. Lack of imaging or navigation equipment when percutaneous placement is being considered 
3. Severe deformities of the spine. sclerotic pedicles, very naaow pedicles, and very long multiseg

ment fixations when MIS techniques have been assessed to be technically unsafe or challenging 
on the preoperative planning 

4. When MIS techniques may be noncompatible with the pathology being treated, for example, 
neoplastic disorders or infections 313 
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PREOPERATIVE PREPARATION 

Careful preoperative planning is essential with a complete history and physical examination along 
with the aid of radiographs and three-dimensional (3D) imaging. The following factors need to be 
considered carefully in the preoperative plan: 

1. Medical clearance for surgery 
2. The indication for surgery to treat the appropriate pathology 
3. Type of fusion considered: posterolateral and/or interbody 
4. Type of screws (tulip heads versus posted) 
5. Type of approach (mini-open versus percutaneous) 
6. Type of bone graft (allograft versus iliac crest graft versus biologics) 
7. Type of retractor systems (expandable versus tubular) 
8. Instrumentation system to be utilized and availability of all specialized equipment and instruments 
9. Type of rods and rod introduction system 

10. Type of navigationfl.IDaging guidance 
11. Need for neuromonitoring 
12. Pedicle morphology: size and angulation of the pedicles 

Anatomy of the pedicle in terms of angulation, size, and pedicle length is variable throughout 
the spine (20,36,39). Pedicles in the thoracic region are significantly smaller and more variable in 
size and shape than those found in the lumbar region. The transverse diameter is generally much 
smaller than the vertical diameter for each pedicle, which demands much greater screw placement 
accuracy in the transverse plane at each level. Transverse pedicle diameters in the thoracic spine 
are reported to range from 4.5 to 7.8 mm with an increasing trend from T1 to T12, whereas the 
pedicle angulations in the transverse plane vary from 0 to 30 degrees with a decreasing trend from 
Tl to T12 (6,36,39). In the lumbar spine, the transverse pedicle diameter gradually increases from 
L1 to L5 (7.4 to 18.3 mm), and the transverse plane lumbar pedicle angle increases from L1 to L5 
(25 to 40 degrees) (5). 

TECHNIQUE 

There are two main techniques in use for MIS screw placement: 

1. Mini-open placement 
2. Percutaneous screw placement 

There are further variations in each technique based on the imaging/navigation technique utilized. 
The following variations may be possible: 

I. Mini-open placement through a tubular retractor system: 
a. Free-hand screw insertion with direct anatomic visualization 
b. hnage-guided screw placement (C-arm) without navigation for assistance 
c. Image-guided screw placement (C-arm or CT scan) with computer-aided navigation for 

assistance 
II. Percutaneous screw placement relies on image-guided techniques, and free-hand insertion is not 

possible. Navigated and nonnavigated insertion is possible. 

Mini-Open Pedicle Screw Placement 

Mini-open MIS fusions utilize the surgical corridor as described by Wiltse et al. (37) between the 
multifidus and longissimus paraspinal muscles (Fig. 25-1). This trajectory is ideal for both pedicle 
screw placement and decompression and fusion techniques. 

Fluoroscopy is used to make the appropriate skin incisions. The skin incisions are made 2.5 em in 
vertical length and 4 to 5 em off midline. Sequential dilators are then passed through the fascia and 
docked onto the facet joint. A tubular retractor (typically 22 or 26 mm) is then docked and secured 
over the dilators. The use of an expandable retractor allows the blades to expand cephalad or cau
dad creating a corridor for pedicle screw placement (Fig. 25-2). Soft tissue is cleared to expose the 
standard pedicle screw entry points. Screws can be placed using a variety of methods including free 
hand, under C-arm guidance, or utilizing navigation depending upon surgeon preference. In addi
tion, both posted and tulip-style pedicle screws can be used if working through the tubular retractor 
systems that are available. 

Surgeon preference dictates the sequence of steps during a minimally invasive fusion. Early 
on in a surgeon's experience, it may be easiest to place the pedicle screw tracts first prior to the 
decompression or facetectomy. This will preserve "normal" anatomy to help orient the surgeon to 
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FIGURE 25-1 

Schematic diagram of the lumbar 
spine in the axial plane. 

the anatomic starting points. However, it is the author's experience that it is more efficient to perform 
the transforaminallumbar interbody fusion (TLIF) followed by appropriate decompression prior 
to screw tract preparation and screw placement 'I'his minimizes the surgical exposure during the 
portion of the procedure that requires the most expansion of the modular retractor and thereby helps 
to limit muscle creep (Fig. 25-3). 

The major advantage of this technique versus the percutaneous screw technique is the ability 
to directly visualize the bony anatomy, dms reducing the requirement of fluoroscopy. In addition, 
facet joint and posterolata'al fusion can be accomplished through the same tubular retractor that the 
pedicle screws are placed. 

Percutaneous Pedicle Screw Placement 

Pedicle screws can be safely and effectively placed perrotaneously, thus avoiding the additional 
dissection required for the placement of traditional and mini-open pedicle screws. Percutaneous 
pedicle screw placement has the advantage of less muscle damage and less potential damage to the 
medial branch nerve (innervation of the multifidus) and can be used effectively over long-segment 
fusions . The placement of percutaneous pedicle screws can require more operative time and more 
x-ray exposure for accmate placement. When using the fluoroscopic technique, the orientation of 
the C-arm beam is of critical importance. The anteroposterior (AP) images must be true AP images 
of each pedicle for screw placement (Fig. 25-4). The spinous process should be in the midline of the 
vertebral body, equally spaced between both pedicles. The superior and inferior endplates should be 
parallel, and the pedicles should be appropriately located at the caudal end of the ascending articular 
process. On the lateral view, the superior endplate should appear as one line, and the pedicles should 
overlap and thus appear as one (Fig. 25-5). True AP and lateral radiographs are of critical impor
tance because small variance can produce erroneous placement of the pedicle screw. 

The pedicle of interest is localized utilizing the AP fluoroscopic image. The skin is incised just 
lateral to the pedicle. The thoracolumbar dorsal fascia and muscle fascia are incised. A Jamshidi 

FIGURE 25-2 

Exposed anatomy of the lumbar spine 
through a modular tubular retractor 
system. 
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FIGURE 25·3 
Completed decompression and TLIF 
with pedicle screws placed under direct 
visualization. 

FIGURE 25·4 
True AP of the lumbar spine. 

FIGURE 25·5 
True lateral of the lumbar spine. Note the 
endplates are parallel and overlap. 

PART III Lumbar Spine 
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trocar ill used to cannulate the pedicle. The ideal starting point ill at the 10 o'clock and 2 o'clock 
positions on the left and right pedicles, respectively. The Jamshidi is slowly advanced a few millime
ters into the pedicle. A lateral fluoroscopic .itnage is obtained and should confirm that the Jamshidi 
ill placed within the center of the pedicle. Under AP fluoroscopic imaging, the Jamshidi ill advanced 
about 20 mm. The tip should stay lateral to the medial border of the pedicle. A lateral image is 
obtained and should show the tip of the Jamshidi at or past the neurocentral junction (Fig. 25-6). If 
so, the Jamshidi can be safely advanced to its desired depth. If the tip of the Jamshidi is at or medial 
to the medial border of the pedicle on the AP view and not yet passed the neurocenttal junction on 
the lateral view, then it has likely breached the medial border of the pedicle. 

After the Jamshidi is placed appropriately, a guidewire ill passed. Thill is repeated at each pedicle. 
The pedicle screw is then placed over each guidewire, and then the appropriately sized rod is passed. 
It is critical to continue periodic lateral fluoroscopic visualization to avoid advancing the guide
wire anteriorly. Avoid kinking of the guidewire, and remove any dried blood to minimize the risk 
of guidewire advancement while inserting the screw. In addition, remove the guidewire when the 
pedicle screw reaches the neurocentra! junction. 

When first performing these procedures, the authors encourage the liberal use of fluoroscopy 
or computer-aided navigation. With experience, radiographic exposure and operative time will 
diminish (Fig. 25-7). 

FIGURE25·7 
K-wires placed through the Jamshidi trocar 
prior to pedicle screw insertion. 
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FIGURE25·8 
AP and lateral images 
with a Jamshidi trocar 
inserted. Note that 
the trocar tip remains 
within the confines of 
the pedicle on the AP 
when at the neurocen
tra! junction on the 
lateral. 
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PEARLS AND PITFALLS 

1. When placing pedicle screws through the MIS tubular retractor technique, remember to move the 
retractor for accurate visualization of the required bony anatomy. Do not let the retractor dictate 
what you see and do. 

2. When first placing screws through a tubular retractor, expose the pars and the medial portion of 
the transverse process clearly. 

3. Pedicle screw tracks may be easier to prepare prior to performing the decompression and facetec
tomy when more bony landmarks are present. 

4. When placing percutaneous screws, fluoroscopic images must be ''perfect" AP and lateral views. 
Otherwise, percutaneous screw placement may be aberrant. 

5. Start simple in terms of complexity of case selection. 

POSTOPERATIVE MANAGEMENT 

The postoperative rehabilitation plan for these patients is similar to an open pedicle screw placement 
technique with the exception that mobilization and discharge of the patients may be accelerated as 
a result of the reduced pain and need for narcotics due to the minimally invasive approach. Wound 
care strategies may be followed as per the surgeon preference. Bracing needs should be individual
ized based on the pathology treated and the strength of the fixation construct. We usually do not 
recommend the use of brace immobilization for instrumented spinal fusions. 

COMPLICATIONS 

1. Early technical complications are more common with initial learning curve. 
2. Radiation exposure to patient, operative team, and surgeon. 

It is variable depending on the body site examined, experience, type of shielding, distance, 
time of exposure, type of intraoperative imaging and guidance system used, and the surgical 
technique. In general, with the use ofbiplanar fluoroscopy for intraoperative imaging, it takes 417 
single-level cases for the torso and 1,471 single-level cases for the extremity in order to exceed 
the annual allowed radiation dose limits (2,25,26). Average exposure to a patient in a single-level 
procedure ranges from 4.5 to 7.8 cGy compared to the threshold limit of 200 cGy for radiation
related side effects (2,25,33 ). Exposure to radiation doses of 50 to 100 mSv (protracted exposure) 
or 10 to 50 mSv (acute exposure) has been postulated to increase the risk of certain types of 
cancers, and every effort should be made to keep radiation doses to a minimum (3). 

3. Increased operative time to do the same type of procedure early in the learning curve. 
Both operative time and radiation exposure shorten with experience (25). 

4. Increased costs and dependence on specialized equipment and technology. 
5. Superior facet violation. 

A recent study showed a significantly higher overall facet violation grade and significantly 
greater incidence of high-grade facet joint violations (P = 0 .0059) compared to open procedures 
when using aCT -based facet joint violation grading system (1). Up to 13.5% of percutaneously 
placed screws have been found to violate the superior facet (21). This may have implications in 
terms of future development of adjacent segment degeneration. However, the reduction of soft 
tissue trauma without exposure of the supraadjacent facet joint may offset the negative impact of 
percutaneous screw placement. 

6. Incidental durotomy and neurologic injury. 
Should be no different after the technique is mastered. 

7. Inadequate decompression or treatment of targeted pathology. 

Results of MIS and Percutaneous Pedicle Screw Placement 

1. Decreased blood loss 
Significant differences when compared to open procedures in terms of intraoperative blood 

loss (16) 
2. Faster rehabilitation (15) 
3. Less pain (15) 

Significant differences when compared to open procedures in terms of VAS pain scores at the 
1st week postoperative (16). 

4. Reduction in rate of infection 
5. Minimize collateral soft tissue injury including muscle denervation and ischemia (10,11,18,31,34) 
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6. Can be safely done even in obese patients (22). The distance of skin entry point from the midline 
needs to be increased to account for increased thickness of soft tissues. 

Comparison of Mini-Open and Percutaneous Pedicle Screws 

The choice of which minimally invasive instrumentation technique to utilize is largely surgeon depen
dent. Regev et al. (27) compared mini-open pedicle screw insertion with percutaneous pedicle screw 
insertion on cadavers. After screw placement, the authors dissected out the medial branch nerve. The 
medial branch nerve originates from the dorsal rami of each spinal nerve and innervates the multifi
dus muscle. The medial branch nerve was transected in 84% of cases using the mini-open technique 
as compared to 20% of the percutaneous insertion technique. The clinical importance of this dif
ference is unknown. However, in this cadaveric study, percutaneous pedicle screw insertion better 
preserved the segmental innervation of the multifidus compared to mini-open pedicle screw insertion. 

There are no clinical studies that directly compare the use of pedicle screws placed through a tubu
lar retractor (mini-open) to percutaneous pedicle screws. However, multiple studies have reported 
perioperative data regarding percutaneous and open screw insertion. Schizas et al. (29) reported their 
experience with 18 minimally invasive TLIFs using percutaneous pedicle screw fixation and com
pared this to 18 open TLIFs. The percutaneous pedicle screw patients used 2. 7 cGy/cm2 of radiation 
as compared to 1.8 cGy/cm2 in the open TLIF group. The minimally invasive 1LIF operative time 
averaged 4.3 hours in the last third of their experience compared to 5.1 hours in the open 1LIF group. 
Their estimated blood loss was 456 mL compared to 961 mL in the open group (P < 0.01). Peng et al. 
(24) also reviewed their results of minimally invasive TLIFs. They used an average of 105 seconds 
of fluoroscopy. They had an average EBL of 150 mL and average operative time of 216 minutes. 
Neither of these studies reported any technical complications with minimally invasive 1LIFs per
formed by percutaneous screws. Foley's (7) initial experience was similar with an average operative 
time of 290 minutes and estimated blood loss of 25 mL. He reported one technical complication of 
a loose locking plug, which required revision. Dhall et al. (4) compared minimally invasive TLIFs 
with traditional pedicle screws to open TLIFs. Their average EBL was 194 mL, and their average OR 
time was 199 minutes compared to an average EBL of 505 mL and average OR time of 237 minutes 
in the open group. There were two technical complications in the minimally invasive group with 
one misplaced pedicle screw and one case of interbody cage migration. The open group also had 
one misplaced screw. Schwender et al. (30) reported on their initial experience with minimally inva
sive 1LIFs and percutaneous screw insertion. Their average operative time was 240 minutes, and 
the average EBL was 140 mL. In this series, there were two misplaced screws and interbody cage 
dislodgement. Park and Ha (23) compared 32 minimally invasive PLIFs with 29 open PLIFs. All 
minimally invasive cases were stabilized with percutaneous screws. The average OR time was longer 
for the minimally invasive cases compared to open, 191 and 150 minutes, respectively. The average 
EBLin the minimally invasive cases was 432 mL compared to 737 mL. There were two technical 
complications; one screw malposition and one interbody cage migration were reported in the mini
mally invasive group and none in the open group. These differences were not statistically significant. 

In 2005, Kim et al. (13) compared longitudinal changes in multifidus cross-sectional area and 
trunk extension strength in both open and percutaneous pedicle screw constructs. The T2-weighted 
cross-sectional area of the multifidus muscle was recorded on preoperative and postoperative MR.Is. 
Trunk extension strength was measured using a Medx. Multifidus cross-sectional area decreased 
from 1,140 to 800 mm2 in open pedicle screw constructs as compared to percutaneous pedicle screw 
construction where multifidus area decreased from 1 ,320 to 1 ,270 mm2• Trunk extension strength 
increased in both open and percutaneous pedicle screw constructs, but the improvements in strength 
were only statistically significant in the percutaneous pedicle screw group. 

Overall, there are not enough comparative data to make any evidence-based decisions between 
the use of the mini-open technique of placing pedicle screws through tubular retractors and percu
taneous pedicle screws. More clinical data are needed. The complication profile between minimally 
invasive pedicle screw instrumentation and open pedicle screw instrumentation appears similar. 
Minimally invasive pedicle instrumentation results in decreased blood loss, less pain in the early 
postoperative period, and less long-term injury to the multifidus muscle. 

Comparison of Screw Insertion Technique: Fluoroscopic Versus 
Advanced Navigation 

Multiple insertion techniques exist for the placement of percutaneous pedicle screws. Pedicle screws 
can be placed safely with conventional fluoroscopy or by computer navigation and 3D imaging. No 
technique is foolproof, and a recent meta-analysis of the literature demonstrated that, overall, the 
median placement accuracy using in vivo CT-based navigation techniques was 90.76% compared to 
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TABLE 2!1·1 Reports Regarding the Accuracy of the Various lmage-&ulded Techniques as well as 
Navigational Modalities 

Brad Bralc:ll 
Patient/ Pedll:les lntraap Calnputer Penadllge Percentage 

SludJ Cldavn(N) Sc:rawl (II) ....... lmag~g ,...... Nlvlplan Evil ... WPedlcl• ......... 
Youkilis et al. (38) 65 224 T1-T12 None Open Yes PostopCT 8.5 (3.6) 29 (12) 

Nottmeier et al. (19) 184 951 T1-51 O-arlll/30 Open Yes PostopCT 5.2 (0.7) 27.7 (3.8} 
C-arm 

Smith et al. (32} 151 601 l1-51 C-arm PC No PostopCT 6.2 (3.7) 24.5 (14.5) 

Heintel et al. (8} 111 502 T4-l5 C-arm PC No PostopCT (1.5} (7.2) 

Park et al. (21) 26 172 11-51 C-arm PC No PostopCT 18 (2.9) 119 (19) 

Raley and 88 424 T4-51 C-arm PC No PostopCT 9.7 (4) 46.5 (19.3) 
Mobbs (25) 

Houten et al. {9} 52 205 l1-S1 0-arm PC Yes 0-arm 2.9 (1.4) 11.5 (5.7} 
42 141 l1-S1 C-arm PC No PostopCT 7.8 (4.9) 264 (166} 

Kim et al. (14) 110 488 l2-S1 C-arm PC No PostopCT 23.6 (1.6} 104 (7.2} 
Figures In brackets Indicate criUcal or grade 3 pedicle breech percentages. 

85.48% for tw<Hiimensional ftuoroscopy-based navigation (35). There are several reports regarding 
the accuracy of the various image-guided techniques as well as navigational modalities (Thble 25-1). 

One of the concerns with the use of ftuoroscopy is radiation exposure to both the surgeon and the 
patient Bindal et al. (2) prospectively recorded radiation exposure in 24 consecutive minimally inva
sive TIJF procedures. The mean fluoroscopy time was 1.69 minutes (101 seconds). The mean expo
sure was 76 mRem at the surgeon's dominant hand, 27 mRem under a lead apron, and 32 mRem at 
an unprotected thyroid level. The mean exposure to the patient's skin was between 59 and 78 mRem 
depending upon the orientation to the x-ray beam. According to Bindal et al., the radiation exposure 
to both surgeon and patients was relatively low. They extrapolated that it would take 194 cases to 
exceed the acceptable torso radiation limits. The radiation levels they observed also compared favor
ably to other fluoroscopic procedures such as percutaneous coronary interventions. 

Nonetheless, all surgeons should be judicious and minimize radiation exposure to the patient, 
to the OR personnel, and to themselves. Computer-assisted navigation has been proposed as one 
means to reduce fluoroscopic use. Kim et al. (12) performed a two-phased cadaveric and prospec
tive clinical review comparing navigation-assisted ftuoroscopy and standard ftuoroscopy use in 
minimally invasive n.n:'s. In the cadaver study, they noted a longer setup time for navigation 
(9.7 minutes) compared to fluoroscopy (4.8 minutes). The mean fluoroscopic time was 42 seconds 
in the ftuoroscopy group and 29 seconds in the navigation group. The average radiation exposure 
was undetectable in the navigation group and was 12.4 mRem in the ftuoroscopic group. Clini
cally minimally invasive TI..IFs with navigation used 57 seconds of ftuoroscopy, and minimally 
invasive n.n:'s with ftuoroscopy used 147 seconds. They reported no cases of screw malposition 
in either group, and blood loss, operating time, and hospital stay were similar in both groups. 

Navigation-assisted placement of pedicle screws is gaining popularity around the United States. 
Early data suggest that navigation can be used safely for percutaneous pedicle screw placement. 
However, caution is warranted when known identifiable landmarks are not visualized. The data that 
navigation provides are only as good as the data it collects. VISUal arrays can be dislodged causing 
the navigation to error. Surgeon vigilance is required. 

KEY POINTS 

1. Minimally invasive pedicle screw instrumentation is associated with less blood loss and shorter 
hospital stays, but longer initial operative times. 

2. Minimally invasive instrumentation has a lower infection rate than open insttumentation. 
3. Both mini-open and percutaneous pedicle screw insertion techniques have comparable complica

tion rates. 
4. Technical complications have been comparable in minimally invasive insttumentation and open 

instrumentation. 
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Trans for_~ 
Posterior Lumbar 
lnterbody Fusion 

Jeffrey A. Rihn, Sapan D. Gandhi, and Todd J. Albert 

L
umbar fusion is used to successfully treat many pathologies of the lumbar spine that 
cause instability and neurologic compromise, including tumor, trauma, infection, and 
most commonly, degenerative conditiona. Lumbar fusion can be performed postern
laterally, anteriorly, or both. Posterolateral fusion is achieved between the traDsverse 
processes and across the facet joints. Anterior fusion is achieved within the interbody 

space. A nnmber of approaches to lumbar interbody fusion have been deacribed including poste
rior, transforaminal, direct lateral, and anterior. The posterior lumbar interbody fusion (PLIF) was 
thought to be fimt introduced by Cloward (5). While this technique increased in popularity because 
of its ability to achieve 360-degree arthrodesis from a posterior approach, it requires significant 
neural retraction for disc space preparation and cage/bone graft insertion. The transforaminal 
lumbar interbody fusion (TI...1F) technique, a slight modification of the PLIF, was introduced by 
Harms in 1993 and has become the most common approach for obtaining a combined anterior 
and posterolateral fusion through a single posterior incision (8). The benefit of the 'ITJF over the 
PLIF is that it involves a unilateral approach to disc space preparation and cage/bone graft inser
tion that can be achieved with minimal retraction of the travera.ing nerve root. Numerous publi
cations have reported the safety and efficacy of the TLIF approach to achieving a lumbar fusion 
(2,7,12,19.22.27 ,29). This chapter describes the surgical technique of the TLIF and the associated 
perioperative considerations. 

INDICATIONS/CONTRAINDICATIONS 

Previously reported indications for the TLIF include lumbar spondylolisthesis (both degenera
tive and isthmic), degenerative scoliosis, recurrent disc herniation, and degenerative disc disease 
(DDD). Th maximize potential benefit from surgery, confumatory imaging should correspond to the 
patient's symptoms and signs. In patients with considerable disc collapse or spondylolisthesis, ante
rior column support in the form of an interbody cage may be needed to adequately address the spinal 
pathology and may improve the chances of obtaining a successful fusion (i.e., greater surface area 
for fusion compared to a posterolateral fusion alone). Distraction of the interbody space through 
placement of an interbody cage can indirectly decompress the foramen in cases of severe neurofo
raminal stenosis. In cases of degenerative scoliosis, insertion of the intelbody cage on the side of 
the concavity of the curve can help neutralize the disc space and restore a more normal alignment 

The transforaminal approach to interbody fusion is not possible to perform in patients with 
conjoined nerve roots, as the low take off of the exiting nerve root does not allow for the lran8-
fomminal approach to the disc space. Conjoint nerve roots can typically be identified on preop
erative MRI. If it is unilateral, then the TLIF can be performed from the contralateral side. If the 
conjoint nerve roots are bilateral, then an anterior approach should be perf'ormed for the inter
body fusion. Similarly, TLIF in patients with recun:ent disc herniation and scar tissue formation 
can be challenging, as the traversing nerve root of the affected level is often bound by scar tissue 
and difficult to mobilize enough to safely perform the interbody fusion. Patients with considerable 
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osteoporosis or bony desttuction from tumor or infection are typically not considered candidates 
for a TIJF, although reports of treating discitis/osteomyelitis using this approach have appeared in 
the literature (30). Intact endplates are important when performing a TIJF. Endplate destruction by 
the pathologic process or endplate violation at the time of the procedure will lead to subsidence of 
the interbody cage and potentially a less desirable result 

PREOPERATIVE PREPARATION 

Prior to surgery, imaging studies (i.e., plain radiographs, MRI, and/or cr scan) should be carefully 
reviewed and used to generate a surgical plan. Patient pathology (e.g., recurrent disc herniation, pars 
defects, degree of spondylolisthesis and collapse, sacral doming, pedicle anomalies) and variations 
in patient anatomy (e.g., lumbosacral variations that affect numbering of lumbar vertebrae, con
joint nerve root) should be clearly identified. Patients with isthmic spondylolisthesis, particularly 
in higher grade slips, may have dysmorphic pedicles or doming of the sacrum that makes the TLIF 
approach challenging (Fig. 26-lA-F). The pedicles can be dysmorphic, with a very small diameter, 

B 

D 

A: Later plain lumbar radiograph of a 59-year-old female patient with a grade II isthmic spondylolisthesis at L5-S1 with sig
nificant disc collapse. The L5 pedicles appear very narrow on the lateral radiograph. Right parasagittal (B), midsagittal (C), 
and lett parasagittal (D) T2-weighted lumbar MRI demonstrate a dysmorphic, very small pedicle on the right side (open arrow, B). 
The left pedicle (closed arrow, D) appears to be of sufficient size for instrumentation. Severe L5-S1 neuroforaminal stenosis 
is noted in the parasagittal images (B,D). The patient underwent an L5-S1 TLIF and posterolateral decompression and fusion 
L4-S1. The right LS pedicle intraoperatively could not be instrumented due to the small size of the pedicle. 
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FIGURE 26-1 (Continu"' 
Lateral {E) and anteroposterior (F) postoperative plain radiographs demonstrate the interbody cage in the anterior one-third of 
the L5-S1 interspace. with some restoration of disc height and a 30% reduction of the spondylolisthesis. 

that can preclude screw placement. This is not an uncommon finding at the 1..5 level in cases of a 
high-grade 1..5/Sl isthmic spondylolisthesis. In these cases, it may be necessary to instrument and 
fuse up to the lA level to allow adequate stabilization. Furtherm.ore, significant sacral doming can 
make cage placement difficult. The shape of the endplates of the involved level(s) should be clearly 
defined on preoperative imaging, and a plan for cage placement and positioning should be made 
in the preoperative planning stages. In very high-grade spondylolisthesis (grade IV), the degree of 
slippage and endplate deformity may preclude interbody fusion.ln these cases, an alternative proce
dure is often preferable, in which case a fibular strut allograft is inserted, from either a posterior or 
anterior approach, through the LS and S 1 bodies and across the 1..5/S 1 disc space. The details of this 
procedure are beyond the scope of this chapter. 

Bone graft options should be considered in the preoperative planning stages, and a discussion of 
such should be had with the patient. The options for bone grafting include local autograft bone, iliac 
crest autograft bone, allograft bone, demineralized bone matrix, synthetic bone graft material (e.g., 
beta tricalcium. phosphate), and/or recombinant bone mmphogenetic protein-2 (rhBMP-2). There 
is no perfect bone graft option, and each of the above options has both benefits and downsides. 
lliac crest bone graft has traditionally been considered the gold standard for lumbar spine fusion. 
However, high rates of donor-site complications and increased operative time have led to a shift 
toward alternatives to iliac crest autograft {22). Graft extenders used in combination with autologous 
bone graft or recombinant bone morphogenetic protein-2 (rhBMP-2)-soaked collagen sponges may 
help increase fusion rates and decrease rates of pseudarthrosis. The use of rbBMP-2 for TLIF is 
considered "off-label" in regru:d to its FDA status. While rbBMP-2 seems to improve fusion rates 
and decrease donor-site complications, it has been associated with complications such as vertebral 
osteolysis and postoperative radiculitis (22,23). 

TECHNIQUE 

Patients are typically positioned on a radiolucent Jackson table with the abdomen hanging free and 
with all bony and soft tissue protuberances well padded. Allowing the abdomen to hang free reduces 
venous pressure and minimizes blood loss. An additional benefit of the Jackson table is that it is 
radiolucent, thus allowing intraoperative fluoroscopy and/or plain radiographic images in both the 
anteroposterior and lateral views to confirm instrumentation and inteibody cage placement. The 
Jackson table also allows for a lordotic lumbar alignment that helps to prevent fusing the involved 
levels in a kyphotic position. 



326 PART III Lumbar Spine 

After prepping and draping, a longitudinal incision is made in the midline over the spinous pro
cesses of the involved levels. Intraoperative fluoroscopy/radiographic and/or palpable anatomical 
landmarks can be used to localize the incision site. The posterior superior iliac spine is typically at 
the level of the L5-S 1 interspinous level, and the iliac crest is typically at the level of the lA spinous 
process. Subperiosteal dissection of the posterior elements (spinous processes, lamina, pars, and 
ttansverse processes) of the involved levels is accomplished using electrocautery. Great care should 
be taken to not violate the facet joints adjacent to involved levels during the exposure. Intraoperative 
fluoroscopy/radiography should be used to confirm the surgical level. 

Once an adequate exposure is obtained, attention is turned toward the decompression portion 
of the procedure. The nature of the pathology dictates the nature and extent of the decompression. 
When treating an isthmic spondylolisthesis, a Gill laminectomy is performed by removing the spi
nous process, lamina, inferior articular processes, and pars of the involved level as one fragment 
of bone, that is, the Gill fragment (e.g., L5 in the case of an LS-Sl isthmic spondylolisthesis) (6). 
This is accomplished by dividing the interspinous ligaments above and below the involved level 
(e.g., IA-LS and LS-Sl interspinous ligaments), the bilateral facet capsules, and any ligamentum 
flavum attachments to the Gill fragment. The Gill fragment can typically be removed as a single 
bony fragment. The removal of the Gill fragment exposes the underlying epidural fat and dura, as 
well as the superior articular processes of the caudal level involved in the spondylolisthesis (e.g., 
Sl superior articular processes in an LS-Sl isthmic spondylolisthesis). When performing a TLIF 
for a unilateral pathology (e.g., recurrent disc herniation, foraminal disc herniation, facet cyst) 
or a degenerative scoliosis that does not require a full laminectomy, an osteotomy is performed 
through the pars and lamina of the cranial vertebra of the involved disc level. Such an osteotomy 
allows removal of the pars and inferior articular process of the cranial vertebra, thus exposing the 
underlying superior articular process of the caudal vertebra and allowing access to the foramen on 
the side from which the 'IUF is to be performed. Once the superior articular process is exposed, 
the ligamentum flavum is removed, and the underlying pedicle of that superior articular process is 
skeletonized using a Kenison rongeur. This allows identification of the exiting and traversing nerve 
roots of the involved level. 

The triangle through which the 'IUF is performed is defined by the inferior border of the exiting 
nerve root, the lateral border of the traversing nerve root, and the pedicle and posterior aspect of the 
superior endplate of the caudal vertebra (Fig. 26-2). There are usually epidural veins overlying the 
disc space in this triangle that should be divided using bipolar electrocautery. If excessive bleed
ing is encountered that cannot be controlled with the bipolar, thrombin-soaked Gelfoam or Floseal 
(Baxter, Deerfield, ll.) can be used to obtain hemostasis. The traversing nerve root is gently retracted 
medially using a nerve root retractor. If present, the disc herniation is removed, and the annulus is 
incised using a no. 15 blade scalpel. Great attention should be given to the exiting nerve root to 
avoid injury. Excessive manipulation of the dorsal root ganglia of the exiting nerve root can lead 
to postoperative neurogenic pain. In cases of spondylolisthesis and significant disc collapse, there 

FIGURE 26-2 
Drawing that demonstrates the trian
gle (dotted black triangle) through 
which the TLIF is performed. The 
borders of the triangle are com
posed of the exiting nerve root of 
the cranial level (solid black arrow), 
the superior endplate and the 
skeletonized pedicle of the caudal 
vertebral body and the skeletonized 
pedicle of the (open arrow), and the 
thecal sac and traversing nerve root [ 
(dotted arrow). 
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FIGURE28-3 
T2-weighted sagittal MRI of a patient with 
a grade II isthmic spondylolisthesis. The 
white line demonstrates the "lip" of bone 
that should be removed using a Kerrison 
rongeur. Removal of this bone will 
allow for a more direct approach to the 
intervertebral space and will simplify disc 
removal and cage placement. 

is often a bony lip arising from the superior endplate of the inferior vertebral body of the involved 
level (Fig. ~3). After entering the disc space with a scalpel, this bony tip should be removed using 
a Kenison rongeur. Removal of this tip will facilitate disc removal and cage placement. Through the 
annulotomy, the intervertebral space is debrided free of all accessible disc and cartilaginous material 
back to bleeding endplate bone. This is accomplished using a series of curved and straight curettea 
and/or chondrotomes, endplate scrapers, double-angled curettes, and straight and angled pituiwy 
rongeurs. The double-angled curette is effective in removing the contralateral disc and cartilaginous 
material (Fig. 26-4). There are numerous designs of instruments used to remove disc and cartilagi
nous material from the disc space. The manufacturer providing the implants typically makes these 
instruments available to the surgeon. The surgeon should be familiar with the options when it comes 
to disc space preparation instruments and should choose those with which he/she is most comfort
able. Cadaver studies have reported that approximately 70% of the disc can be removed through 
a unilateral TLIF approach (11,13). When preparing the disc space, great care should be made to 
avoid violation of the anterior and the anterolateral annulus in order to avoid injury to the large blood 
vessels that travel across this area (i.e., aorta, inferior vena cava, common iliac artery, and veins). A 
recent MRI study by Vaccaro et at.. (25) documented the close proximity of these vessels in relation 
to the lower lumbar disc spaces when the patient is in the prone position. 

During disc space preparation, a lamina spreader is placed between the remaining lamina/spinous 
proceMCS of the involved level for distraction of the interspace. In the case of isthmic spondylolis
thesis, when a Gill laminectomy is performed, the lamina spreader is placed on the lamina of the 
next cranial vertebra. Alternatively, pedicle screws can be placed contralateral to the side on which 

FIGURE28-4 
The double-angled curette allows for 
removal of disc and cartilaginous material 
contralateral to the side from which the 
TLIF is performed. There are two separate 
curettes that allow preparation of both 
vertebral end plates of the involved level. 
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the 1LIF is being performed and distraction can be obtained across the pedicle screws. Each instru
mentation system should include such a pedicle screw-based distraction device. Distraction allows 
for adequate disc space preparation. Distraction and disc space preparation is also facilitated by the 
use of serial dilators. Such dilators are inserted serially (from small to large) until the disc space is 
adequately distracted and a "good fit" is noted with the dilator. The size of the largest dilator should 
correspond to the size of the cage. After the disc space has been adequately prepared and dilated, 
however, a trial is placed to confirm the size. The size of a cage can range from 7 to 14 mm, depend
ing on the degree of disc collapse. 

Prior to inserting the cage, the interspace should be inspected to ensure that bleeding endplate 
bone is exposed on both involved vertebral body endplates. The bone graft material can then be 
impacted into the disc space and packed within the opening of the selected cage. The cage is 
secured to an inserting device and then is impacted using a mallet into the interbody space. The 
traversing nerve root should be gently retracted medially, and the location of the exiting nerve root 
should be monitored during cage insertion. After the cage is in a relatively acceptable position, the 
insertion device is detached and removed. The final position of the cage can be adjusted using a 
mallet and straight and/or curved impactors. The curved cage should rest horizontally across the 
anterior one-third of the disc space. Studies by Kwon et al. (17) and Kepler et al. (15) found that 
restoration of lordosis and disc height are dependent upon anterior cage placement. When using a 
bullet-shaped cage, the cage should be inserted diagonally across the disc space from ipsilateral to 
contralateral. An impactor can then be used to tamp the posterior aspect of the bullet-shaped cage 
so that the cage rests in a more horizontal position in the anterior one-third of the intervertebral 
space. When there is asymmetric disc collapse (e.g., degenerative scoliosis), the bullet-shaped cage 
can be inserted in a more vertical fashion on the collapsed side in order to neutralize the disc space. 

After placing the cage, pedicle screws can be placed according to the preferred technique of the 
surgeon. Prior to the final tightening of the caps onto the rod, a compression device can be used 
to apply gentle compression across the pedicle screws ipsilateral to the side from which the 1LIF 
was performed. This gentle compression will decrease the risk that the cage will dislodge into the 
spinal canal. Cage and screw position should be confirmed using intraoperative fluoroscopy or plain 
radiography. 

When a significant spondylolisthesis exists, reduction can be accomplished using the pedicle 
screws. The reduction either can be performed after the cage is inserted or can be performed over a 
dilator, with the cage inserted after the reduction is performed and the rods are tightened into place. 
In order to obtain a reduction, bilateral pedicle screws are inserted into the involved vertebral bod
ies. It is essential that a secure purchase be obtained in order to perform a reduction. Performing a 
reduction with poor screw purchase (e.g., osteoporotic bone, redirected screw with subpar purchase) 
can lead to screw pullout. Due to the nature of the underlying pathology, the screws in the cranial 
vertebra will sit anterior to the screws of the caudal vertebra. Rods are then contoured such that the 
rods are fully seated in the caudal vertebral screws and are not fully seated in the cranial vertebral 
screws due to their anterior position. The caudal caps are placed and tightened, and then, using a 
reduction device over the cranial vertebral screws, the cranial vertebral screws are reduced to the 
rod, and the cranial caps are placed and tightened (Fig. 26-5). A variety of such reduction devices 
and techniques exist. Some manufactures have screws with extended threaded tabs that assist in 
this reduction technique and that then can be broken off after the caps are placed and the reduction 
is complete (Fig. 26-6). Some surgeons prefer to use plates that are placed over the screw posts 
for reduction (Fig. 26-7). In patients with a high grade II or grade m spondylolisthesis, it is often 
necessary to place screws in the vertebra above the listhesed vertebral body (e.g., L4 in an L5--S1 
spondylolisthesis) in order to obtain a reduction. In this case, the rods are placed into the S1 and L4 
screws, and then the L5 screws are reduced to the rod using a reduction device. The L4 screws can 
be left in and the fusion extended, or the L4 screws can subsequently be removed (one side at a time) 
after the reduction is complete (Fig. 26-SA-E). 

PEARLS AND PITFALLS 

• Preoperative imaging should be evaluated for abnormal pedicle morphology and the presence of 
a conjoint nerve root. 

• Excessive retraction of the traversing nerve root or manipulation of the dorsal root ganglion of the 
exiting nerve root should be avoided as this can result in neuropathic pain. 

• Violation of the anterior and anterolateral annulus fibrosus can place the anterior vascular struc
tures at risk for injury and should be avoided. 

• In cases of spondylolisthesis, there is often a "lip" of bone on the superior endplate of the caudal 
vertebra that needs to be removed to allow adequate access to the intervertebral body space for 
disc removal and cage placement. 
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FIGURE 28·5 
Photographs of a reduction clip 
(Flex clip, Depuy Spine, Inc. 
Raynham, MA) that can be placed 
over the rod and clipped to the 
screw. A device then threads down 
the clip and reduces the rod to the 
screw. A cap can then be inserted 
down the center of the device and 
treaded into the screw over the rod. 

FIGURE 26·6 
Photographs of the extended tab screw 
(Depuy Spine Inc., Raynham, MA) that 
can be used to assist reduction of the 
spondylolisthesis. The rod is placed into 
the screw, and the cap can be placed down 
the extended threaded tabs, over the rod, 
thus reducing the rod to the screw. The 
extended tabs can then be broken off. 
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FIGURE 28-8 

FIGURE 28·7 
Photographs depicting the use of posted 
screws and plates (Expedium offset, 
Depuy Spine Inc., Raynham, MA) to obtain 
reduction in a spondylolisthesis. The plate 
is placed over the posted pedicle screws 
of both vertebral bodies of the involved 
level. A nut is threaded onto the post of 
the caudal screw and tightened. 
A nut is then threaded onto the post of the 
cranial screw and tightened, thus reducing 
the plate to the screw and reducing the 
spondylolisthesis. 

PART III Lumbar Spine 

• Several techniques exist for performing a reduction of a spondylolisthesis when performing a 
TLIF. The surgeon should be familiar with available options and have the appropriate instrumen
tation available. 

• A laminar spreader and/or pedicle-based distraction devices are essential for providing dislraction 
of the involved level to allow for adequate disc space preparation and cage insertion. 

• The cage should be positioned in the anterior one-third of the intervertebral space to maintain/ 
restore lordosis and disc height. 

POSTOPERATIVE MANAGEMENT 

Postoperatively, the patient is maintained on intravenous antibiotics for 6 to 24 hours (including 
the preoperative dose). If a subfasciat drain was used, it is maintained until the output is less than 
30 mL per 8-hour shift. Unless a durotomy occurred, early ambulat.ion is encouraged after surgery. 
Sequential compression devices can be used to minimize the risk of deep venous1brombosis. Barring 
postoperative complication, patients can typically be discharged on the second or third postoperative 

B 

A-D: Neutral (A) and flexion (B) lateral plain radiograph of a 55-year-old female with a significant degenerative spondylo
listhesis of l4-l5. There is considerable collapse of the l4-l5 interspace and increased segmental kyphosis on the flexion 
radiograph (B). 
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FIGURE 28-8 (Continu"' 
This patient underwent an L4-L5 laminectomy and TLIF. Prior to performing the laminectomy, a lamina spreader was used for 
distraction. After interbody cage insertion and screw placement. the rods were placed into the screws. caps were tightened onto 
the L5 screws, and then reduction clips were placed over the L4 screws and the reduction clips were used to reduce the spon
dylolisthesis over the cage. The postoperative lateral radiograph (C) shows significant reduction and restoration of disc height. 
Unfortunately, the patient presented with increased back and anterior thigh pain 2 years after surgery, and the 2-year postop
erative lateral radiograph (D) demonstrates adjacent-level degenerative spondylolisthesis (open arrow). 

day. The use of a postoperative brace is somewhat controversial. The authol'9 prefer to use an off-the
shelf lumbosacral orthosis for 6 weeks when the patient is out of bed for support of the core muscles. 

The authors prefer to see patients at 2 weeks, 6 weeks, 3 months, and 1 year after surgery and then 
annually. Plain radiograpba may be obtained at foUaw-up to ensure the location and integrity of the 
i:Dsttumentation and to assess for fusion. A solid bony fusion is indicated by the presence of bridg
ing trabecular bone in the interbody space and/or posterolateral space, the absence of any loosening 
around the irurtrumentation (i.e., "haloing"), and the absence of motion when comparing lareral flexion 
and extension radiographs. When patients present with symptoms (i.e., back pain and/or radiculopa
thy) in the postoperative period, CT scan can be used to further assess fusion and/or instrumentation 
placement It can be somewhat difficult to usess interbody fusion using plain radiography, particu
larly at the ~S 1level., due to overlap of the ilium. cr scan provides a more accurate assessment. 

COMPLICATIONS 

Several studies have previously reported complications associated with the TLIF procedure 
(4,19,21,22,26,27). Reported complications include death, pulmonary embolus, pneumonia, myo
cardial infarction, excessive bleeding, infection, malpositioned instrumentation, nerve root injury, 
dural tear, postoperative radiculitis, ectopic bone formation, vertebral osteolysis, bone graft donor 
site-related problems (e.g., pain, infection, wound complications), nonunion, and adjacent-level 
disease. Postoperative radiculitis, ectopic bone formation, and vertebral osteolysis following the use 
of rhBMP-2 in the TLIF procedure have received attention in the literature. The incidence of post
operative radiculitis is reported to be as high as 16% and is thought to be related to a hyperinflam
matory response to the rhBMP-2 (21,22). Placement of the rbBMP-2 in the anterior one-third of the 
interbody space and creating a barrier (e.g., a hydrogel sealant, Duraseal, Covidien, Mansfield, MA) 
between the rhBMP-2 sponge and the exposed neural elements can minimiu the risk of postopera
tive radiculitis (19,22). Vertebral osteolysis has been reported to occur in up to 18% of patients who 
undergo TLIF with rhBMP-2 (18,22). The osteolysis that forms around the intetbody cage can be 
associated with increased back and/or leg pain. Fortunately, the symptoms and radiographic find
ings associated with osteolysis seem to be self-limiting, with no affect on outcome or fusion rate. 
Ectopic bone has been reported to occur 2% to 21% of patients who undergo TLIF with rhBMP-2 
(14,22). This can cause severe radiculopathy. It is diagnosed on CT scan and may necessitate revi-
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sion decompression of the affected nerve root(s) if the patient fails to improve with conservative 
treatment, such as selective nerve root injections. 

The reported rate of nonunion following the use of autograft or rhBMP-2 is relatively low (i.e., 
less than 5%). Although it may be asymptomatic, nonunion can present as increased back and/or 
leg pain. Lucency around the pedicle screws and absence of bridging trabecular bone on CT scan 
are evidence of nonunion. Revision surgery for nonunion should be reserved for those who remain 
symptomatic greater than 1 year after surgery. Adjacent-level disease has been well documented 
after arthrodesis of both the cervical and lumbar spine (9,24). Theoretically, fusion of a level in the 
spine causes increased loads on adjacent levels, therefore accelerating their degeneration. However, 
there is some debate whether adjacent-level degeneration occurs as a direct result of arthrodesis or 
whether it is just a natural progression of DDD (10). 

RESULTS 

The TLIF procedure has been reported to be safe and effective for the treatment of a wide range 
of lumbar pathology, including isthmic spondylolisthesis, recurrent disc herniation, foramina! disc 
herniation, degenerative scoliosis, and degenerative spondylolisthesis (2,7,12,19,22,27,29). The lit
erature does not seem to favor TLIF over other techniques of lumbar fusion (1,16,29). While each 
technique seems to have its own advantages, most of the current literature seems to show that no one 
technique of lumbar fusion is better than another. A meta-analysis of randomized controlled trials 
and comparative observational studies comparing instrumented posterolateral fusion with instru
mented PLIF by Zhou et al. (31) suggests that while there is no difference in clinical outcome, 
complication rate, operating time, and blood loss between the two methods, there is some evidence 
the instrumented PLIF achieves higher fusion rates and better spinal alignment. Subgroup analysis 
of the Spine Patient Outcomes Research Trial (SPORT) data did not find any consistent difference 
in outcomes between the different techniques of lumbar fusion for the treatment of degenerative 
spondylolisthesis (1). fu addition, other smaller studies have not found any significant differences 
in clinical outcome between different methods of lumbar interbody fusion and traditional postero
lateral fusion (3,28). Comparisons of TLIF and anterior lumbar interbody fusion seem to show little 
difference in outcomes for isthmic spondylolisthesis (16), while comparisons ofPLIF to posterolat
eral fusion seem to show that PLIF is superior for isthmic spondylolisthesis (20). However, small 
study populations and inferior study designs limit the impact of these studies. 

CONCLUSIONS 

The TLIF allows for a combined interbody and posterolateral fusion through a single posterior 
approach. The approach to the disc space is made more laterally than the traditional PLIF approach. 
This theoretically minimizes retraction of the traversing nerve and the dura during discectomy and 
insertion of the interbody device. While the TLIF is a safe approach that is effective in relieving back 
and leg pain in certain settings, clinical data do not support the superiority of this technique over 
other established methods of lumbar fusion. The surgeon should be aware of the reported complica
tions associated with the TLIF procedure when counseling the patient preoperatively, particularly if 
the "off-label" use of rhBMP-2 is considered as a bone graft option. 
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Mini-ALIF 
Thomas A. Zdeblick 

INDICATIONS/CONTRAINDICATIONS 

Indications 
In selected patients, anterior lumbar interbody fusion (ALIF) is indicated for the treatmcmt of 
symptomatic degenerative discs. Additional indications include pseudoarthrosis, spondylolisthe
sis (eitbec isthmic or degenecative), lateral listhesis, and scoliosis. These deformity indications 
are typically coupled with posterior instrumentation as well. Although every case must be indi
vidualized, certain generalizations regarding indications can be made. Appropriate symptoms of 
degenerative disc disease include an aching low back pain that is typically present in the midline 
and over the sacroiliac joints after activity. On occasion, radiation into the buttock:8 may occur. Plain 
radiographs typically show loss of disc space height, endplate sclerosis, endplate osteophytes, and 
loss of lordosis. Magnetic resonance imaging (MRI) scans typically show loss of disc hydration and 
peri-endplate edema. Annular tears or a high-intensity zone is not sufficient in most cases to warrant 
fusion. Discography, although controversial, may be utilized to confirm a concordant pain response. 

ALIF procedures are typically indicated for one- or, rarely, two-level disc degeneration. Clinical 
results, at least for fusion, of three-level or more procedures have been less than ideal. In my prac
tice, I limit the indicatiOilll for .ALIF for disc degeneration to patients younger than 65. There are 
several reasons for this. As patients become older, osteoporosis and thimling of the endplates occur. 
This makes .interbody devices less stable. Also, the retraction of the great vessels required for ante
rior lumbar spine exposure poses a greater risk to the older patient. Complications such as embo
lism, thrombosis, leg ischemia, and swelling are more common in older patients. 

Postdiscectomy collapse is an excellent indication for ALIF. In these cases, however, the surgeon 
should expect to find a greater amount of adhesion surrounding the anterior annulus. Prior disc space 
infection is not necessarily a contraindication, as long as the infection has been adequately treated 
and systemic m.arlrers have returned to normal. 

Isthmic spondylolisthesis is best reduced via ALIF. Following complete discectomy, sequential 
dist:racters placed within the disc space provide excellent mechanical force to reduce the translational 
deformity. Indirectly, foraminal stenosis is decompressed as well via distraction. Posterior instru
mentation is typically placed following reduction. In cases with disc collapse and spondylolisthesis, 
stand-alone AUF may be indicated. 

In long deformity constructs ending at the sacrum, many surgeons prefer AUF at the LS-Sl 
junction to improve fusion rate and prevent distal hardware failure. ALIF also worb quite well to 
treat pseudoarthrosis of poster lumbar fusions. The large surface area and cm:elltnt vascular supply 
of the vertebral endplates readily enable fusion healing. 

Contraindications 
The placement of anterior cages is contraindicated with active infection. Although anterior 
approach and d6bridemen.t with bone grafting can be peiformed in cases of active infection, metal
lic implants are not recommended. Stand-alone AUF procedures are not recommended in cases 
of osteoporosis or osteopenia with thinning of the endplates. Previous anterior spinal surgery is 
a relative contraindication due to the presence of adhesions along the great vessels, which makes 
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FIGURE 27-1 
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their dissection much more difficult. These cases must be individualized. Other previous abdominal 
surgery is not a contraindication to this approach. Midline incisions for laparotomy or Pfannenstiel 
incisions for gynecologic procedures have not proved to be a contraindication to the mini-open 
approach. Prior retroperitoneal radiation treatment is a contraindication. Extensile abdominal wall 
reconst:ruction, however-for instance, mesh repair of hernia--does make the approach much more 
difficult. Morbid obesity is a contraindication. 

TECHNIQUE 

The patient is positioned supine on the operative table. I do not place a lumbar bolster to byperextend 
the spine. I find this can lead to foraminal compression or, rarely, femoral nerve palsy. A radiolucent 
operating table is utilized, the patient is placed in slight Trendelenburg position, and I often roll 
the table toward the right during the approach. This helps facilitate the retraction of the peritoneal 
contents from left to right. All patients undergoing AUF receive a mild bowel preparation the night 
before surgery. This consists of a single enema and one bottle of GoLYTELY. This not only helps 
during the retraction but also helps prevent postoperative ileus. I have found that a bowel preparation 
given preoperatively greatly facilitates early patient discharge. 

The appiopriate level for skin incision is marked under guidance of both anteroposterior and 
lateral fluoroscopy (Fig. 27-lA). Using the lateral view, the surgeon marks on the anterior abdo
men the direct line of extension from the disc space to be operated upon. If a two-level procedure 
is performed, the incision is centered between the two levels but closer to the more inferior of the 
two disc spaces. For single-level procedures, a 6- to 7-cm tra.nsverse skin incision is utilized. For 
two-level procedures, a 9- or Hk:m oblique incision is made. Alternatively, a paramedian vertical 
skin incision can be used as well. I prefer the horizontal skin incision purely for cosmetic reasons. 
I typically stand on the patient's right side, working toward myself for d:le left-to-right exposure. The 
11uoroscopy equipment is brought in and left in place superior to the surgeon (Fig. 27-lB). 

L5-Sl Exposure 
A 7-cm transverse skin incision is made beginning 1 em to d:le right of midline and extending 
6 em to the left of d:le midline. Fluoroscopy is used to locate this incision. 'IYPically, for LS-Sl, 
this incision is located two to three fingerbreadtbs above the pubic symphysis. Shmp dissection is 
canied out through skin and subcutaneous tissue. and the anterior rectus shead:l is exposed The 
anterior rectus sheath is incised tra.nsversely with a no. 10 blade (Fig. 27-2). Alternatively, this 
can be incised vertically paramedian. Care is taken not to disturb the muscle fibers lying beneath. 

B 

A: The skin incision is marked with the use of fluoroscopy. This photograph shows an incision for L4-L5 beginning in the 
midline and extending 7 em to the left. L4-L5 is typically one to two fingerbreadths below the umbilicus. The incision for 
L5-S1 is typically two to three fingerbreadths above the pubic symphysis. B: The typical operating room setup. The patient 
lies supine with the arms out to the side. A radiolucent operating table is utilized. During the exposure, the surgeon stands 
on the patient's right side. This enables the surgeon to dissect free the left common iliac vein with greater ease. If the surgeon 
desires, he or she can switch to the left side for the instrumentation portion of the procedure. Fluoroscopy equipment generally 
stays superior and is brought down in place for lateral views as needed. 
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FIGURE27·2 

After the skin incision, the anterior rectus 
sheath is incised horizontally. Care is taken 
not to disturb the underlying fibers of the 
rectus abdominis muscle. Blunt dissection is 
then carried out in the midline between the 
heads of the right and left rectus muscles. 

The midline between the heads of the rectus muscle is then located using blunt dissection. Using 
Kitner dissectors and a :finger and working from the midline, the surgeon develops the preperitoneal 
space underlying the left rectus muscle (Figs. 27-3 and 27-4). A small finger retractor is slipped 
under the rectus muscle, and it ia elevated. The surgeon can now bluntly dissect undemeath the rec
tus muscle, along the posterior rectus sheath, until the arcuate line is palpated inferiorly and laterally. 

Blunt dissection inferior to the arcuate line allows entry into the retroperitoneal space. For more 
extensile exposure, the posterior rectus sheath can be divided superiorly from the arcuate line. This 
must be done carefully, with scissors, as the peritoneum is tightly bound to the posterior sheath. A 
thin Deaver retractor is then slipped into this space, and the peritoneum is retracted from left to right. 
The peritoneal reflection along the lateral abdominal wall must be mobilized bluntly using Kitner 
in a "paddling" fashion. The left ureter is then identified, which ensures that the surgeon is indeed 
operating within the retroperitoneal space. 'JYpically, I retract the ureter along with the peritoneum 
in a left -to-right direction. Blunt dissection alone is continued until the promontory of the sacrum ia 
palpable. The Deaver relracto.r is then placed into a mechanical holder to ensure that the peritoneum 
is maintained in its position. 

Complete exposure of the L5-S 1 disc space requires mobilization of the left common iliac vein 
and the middle sacral artery and vein (FJg. 27-SA and B). This must be done without disturbing the 
presacral plexus of nerves. Often these nerves are visible. They run vertically across the disc space 
in a plane that is superficial to that of the middle sacral artery and vein. I begin by bluntly dissecting 

FIIURE 27·3 

The preperitoneal space is developed 
in the space underlying the left rectus 
abdominis muscle. This is done with 
Kitner dissectors and finger dissection. 
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FIGURE27-5 

FIGURE 27-4 
The arcuate line is usually 
palpable, and blunt dissec
tion can continue inferior 
to the arcuate line. In this 
manner, the retroperitoneal 
space is identified. and the 
ureter and psoas muscle 
are visualized. 
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this presacral plexus of nerves from left to right across the disc space. No cautery or bipolar should 
be used while this nervous plexus is mobilized. The middle sacral artery and vein lie in a plane 
diJ:ectly adherent to the anterior annulus. 

'I}rpically, there are two veins and a single artery. Care should be taken while these are mobilized, 
to malre sure that they are not mistaken. for the presacral nervous plexus (Ftg. 27-SC). These vessels 
are mobilized with a fine right-angled dissector and clips applied and then divided. Cautery DnlSt 
be avoided. Blunt dissection with Kitner elevators can then be performed across the disc space. 

B 

1·1 '"9flll' lid ..,·-----•n•l) 

\1iddle sxt•l ..... - -+- olti)',VCI 

A: This drawing shows a typical vascular pattern overlying the L4-L5 and L5-S1 disc spaces. Exposure of the L4-L5 disc 
space requires retraction of the aorta and the inferior vena cava from left to right. In order to mobilize these vessels, the 
iliolumbar (ascending lumbar) vein must be located along the lateral aspect of the left common iliac vein. This is typically a 
short, thick vein that drains from under the psoas muscle into the left common iliac vein. Once this vein is ligated, adequate 
mobilization is possible. B: Diagram showing the retraction possible at L4-L5 once the iliolumbar vein is ligated. 
On occasion, the segmental vessels at L4 require ligation as well. 
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FIGURE 27·5 (Continued) 
C: At L5-S1, the middle sacral 
artery and vein are ligated, and 
the left common Iliac vein is 
elevated superiorly and laterally. 
This position Is then maintained 
by retractors. 

I typically expose the left side of the disc apace first This requires elevation of the left common iliac 
vein. This vein must be carefully mobilized with Kitner elevators. 

The inferior edge of the vein, once it exsanguinates, can be difficult to visualize. Retraction needs 
to be applied and then let off periodically so that the vein fills with blood and becomes visible. There 
are typically &mall perforating veins that go directly from the disc space into the left common iliac 
vein. These need to be taken down with bipolar cautery and divided sharply. Oa:a.sionally, adho
sions between the annulus and iliac vein are present. Sharply dividing the superficial layer of the 
annulus and retracting this with the vein are safer than attempting to peel the vein from the annulus. 
A retractor blade can then be placed underneath the left common iliac vein as it is elevated and 
retracted laterally. Once it is above the endplate of LS, it is held in place with a K-wire or staml 
screw (Fig. 27-6). If a K-wire alone is used, I place a red robber catheter over the K-wire to protect 
the vessel and impact this into the vertebral body of LS. I now use a retractor, which has a lipped 
blade that is secured in place with a threaded screw. The table should now be rolled back to the 
neutral position. Similarly, the right side of the disc space is now exposed blundy and a retractor 
placed into the right side of the LS vertebral body (Fig. 27 -7). Alternatively, these retractors can be 
placed in mechanical holding 811Dll. A thin malleable retractor can then be placed anterior to the 
sacrum, which now allows full exposure of the LS-51 disc space. 

Anteroposterior and lateral fluoroscopic views are taken to confirm the level and to locate the 
midline of the disc space. The midline is then marked on the inferior edge of the L5 endplate. 

FIGURE 27-6 

After mobilization of the 
appropriate great vessels, 
retraction is held in place by fixed 
and staked retractor blades. 
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FIGURE 27-7 
Once both retractor blades are in 
place. a thin malleable retractor can 
be placed inferiorly. The retractor 
blades are then hooked to a self
retaining ring, which is fastened 
to the operating table. This allows 
for a stable retraction system for 
minimally invasive exposure. 

PART III Lumbar Spine 

Appropriate templates are then utilized to ensure that adequate exposure is obtained for the implants 
to be used. For cage insertion, I prefer a double-barreled insertion sleeve with tangs that are pres
ent within the disc space. Each manufacturer's specific instructions should be followed for implant 
insertion. Appropriate-sized templates are used to determine whether adequate annular exposure has 
been accomplished. This annular exposure is then marked, and an anterior annulotomy is performed 
with a no. 10 blade. 

Once the anterior annulus is resected, a complete discectomy is performed (Fig. 27-8). Long 
slwp elevators are used to remove disc material from the endplates. Long curettea are then used to 
remove the remainder of the endplate cartilage and disc material. It is important that dissection be 
carried out posteriorly back to the posterior longitudinal ligament. Particularly in cases of disc space 
collapse, release of the posterior annulus ill required so that distraction occurs throughout the disc 
space and not just anteriorly. This prevents postoperative foraminal stenosis. Recuaent disc hernia
tions may also be retrieved at this stage through posterior annular defects. This is done with fine
angled curettes. Disc space distracters can be impacted unilaterally to allow greater ac<:ells within 
the disc space (Fig. 27-9). Lateral fluoroscopy is utilized to monitor disc space distraction. I plan to 
restore disc height to match the normal disc height of the adjacent level. 

After completed discectomy, resection of endplate cartilage, and posterior release, the disc space 
is now ready for cage, bone graft, or arthroplasty insertion. The details of the implant insertion are 
specific to the implant being utilized. However, there are general principles to follow. Fluoroscopic 
guidance needs to be utilized throughout the procedure to ensure accurate placement. For threaded 
cages, the double-barreled sleeve is inserted along with the double distraction plugs. The lateral 
fluoroscopic view should ensure the distraction occurs in a parallel manner, that is, that the end
plates remain parallel to each other. If the disc space is distracting only anteriorly, additional pos
terior release of annulus or posterior longitudinal ligament needs to be performed. In addition, the 
double-barreled sleeve needs to be aligned directly with the endplates at LS and Sl. The reamers 
are then sequentially passed on either side (Fig. 27-1 0). The reamers should remove approximately 
1 to 1.5 mm of bone from either endplate. Fluoroscopy is utilized to ensure that this reaming is 

FIGURE 27·8 
A complete (en bloc) discectomy 
is performed. The anterior annulus 
is incised. and all end plate 
cartilage and disc material are 
removed by using a combination 
of elevators, curettes, and ron
geurs. The posterior annulus is 
removed as well. 
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FIGURE 27·9 
A: The disc space is now sequentially distracted up to its final height. This final height is determined by templates and cage 
dimensions. B: Lateral fluoroscopic view of the distractor in place. Note the parallel distraction of the end plates. 

symmetric. I typically ream 6 mm deeper (more posterior) than the length of the cage chosen. 
After removal of the reamers, the endplate can be directly inspected. Ideally, the weight-bearing 
shoulder of the cage should contact intact endplate. Centrally, the endplate should be resected to 
expose bleeding cancellous bone. If this has not been accomplished, a fine-angled curette can be 
utilized at this point to deepen the central channel in the endplate. I prefer to use a tapered threaded 
titanium cage, which is self-tapping. The cage is prefilled with either autologous cancellous bone 
or an appropriate bone graft substitute (Fig. 27-11). Thelle cages are now threaded in place sequen
tially. They should not be countersunk. On the lateral fluoroscopic image (Fig. 27-12), the anterior 
weight-bearing headwall of the cages should be in alignment with the anterior cortex of the LS 

A B 

FIGURE 27-10 
A: Each endplate is then prepared. This can be done with curettes or reamers (as shown). Approximately 1 to 1.5 mm of bone 
should be removed from either endplate. B: This fluoroscopic image shows a reamer symmetrically removing bone from the L5 
and S1 endplates. 
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FIGURE 27·11 
A: The cage can be prefilled with either iliac crest 
bone graft or a bone graft substitute. B: Lateral 
fluoroscopic image of the first cage in place. The 
distraction plug is then removed and the second 
cage threaded to the identical depth. C: Cages in 
vivo. c 

A B 

FIGURE 27·12 
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B 

A: Final lateral fluoroscopic images showing excellent cage placement at L5-S1. B: Final anteroposterior view. 
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FIGURE 27-13 
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B 

A: Lateral radiograph demonstrating L5-S1 isthmic spondylolisthesis. B: Lateral radiograph postoperatively. The spondylolis
thesis has been reduced via AUF with a PEEK spacer, followed by minimally invasive posterior fixation. 

vertebral body. Once cage position is verified on the anteroposterior and lateral fluoroscopic images, 
additional material, either bone graft or bone substitute, can be packed within, between, and lateral 
to the cages (Fig. 27-13). 

With impacted ring-style implants (PEEK, allograft bone, or metal), the procedure is similar 
except that distraction needs to be maintained to initiate insertion. There are commercially avail
able insttum.ents to assist in this. These typically maintain distraction through thin-bladed paddles 
and "slide" the graft in place along the paddles. I ptefer to use a thin Cobb elevator placed laterally 
within the disc space, rotated on edge, to hold distraction while I transition from the final distraction 
plug to the impacted implant. The ring-style implant can be further secured with a screw/washer 
placed into the sacrum as a buttress. 

In isthmic spondylolisthesis, ALIF is useful in reducing the translational slip. A complete anterior 
annular excision and discectomy are performed. The endplates need to be smoothed using a burr, 
particularly with a domed sacrum. Sequential distraction up to a predetermined height is then accom
plished. '!YPically, I strive to achieve the height of the adjacent disc space (Fig. 27-13A and B). 
An impacted ring-style implant is prefen:ed. Percutaneous or minimaUy invasive posterior instru
mentation can then be performed. 

Before closure, the retractor blades need to be carefully removed. Iliac vessel retraction is 
required during retractor blade removal. Once the surgeon has verified that there is no significant 
bleeding, closure is accomplished in layers: the anterior rectus sheath. subcutaneous tissue, and skin 
(Fig. 27-14). Postoperatively, patients typically wear only a soft binder for comfort after anterior 
interbody cage fusion. Nonimpact aerobic exercises begin at 4 weeks, and activities are increased 
progressively as tolerated. 

L4-L5 Anterior Exposure 
For IA-LS, anterior exposure is always more difficult. P.reopetative assessment of the patient's 
computed tomographic or MR.I scan enables the surgeon to visualize the vascular pattern. typically, 
at IA-LS, the aorta has bifurcated into right and left iliac arteries. The inferior vena cava either is a 
single vessel or has just bifurcated into the iliac veins. The level of each of these b:ifuroations can be 
assessed on the MR.I scan. In most cases. exposure at IA-LS is accomplished by going left of all four 
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FIGURE 27·14 
Skin closure is performed in a 
subcuticular manner. This leaves a 
pleasing cosmetic scar. For two-level 
cases. a slightly longer and more 
oblique incision is utilized. 
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vessels and retracting them across the disc space (Fig. 27-5). In the rare case of a high bifun:ation, 
exposure can be accomplished between the b~ations of the vessels, much as at LS-Sl. In other 
rare cases, a very low bifurcation allows exposure by retraction of the aorta and inferior vena cava 
alone, as at L3-IA. 

A3 before, the skin incision is marked according to a lateral fluoroscopic image to be in line with 
the L4-L5 disc space. The anterior rectus sheath is once again identified through blunt dissection 
and then sharply incised horizontally. For two-level procedures, this anterior rectus sheath incision 
can be Z-lengthened. This is done by extending a vertical incision superiorly in the midline and a 
lateral incision inferiorly at the l.ateraJ margin of the rectus sheath. Blunt dissection is then carried 
out in the midline between the heads of the rectus muscle, and the preperitoneal space is developed 
underneath the left rectus abdominis muscle. On occasion, the surgeon can still work bluntly inferior 
to the arcuate line to develop the retroperitoneal space. However, this does not generate adequate 
space to work at L4-L5 and certainly not at 1..3-IA. In these situations, the posterior rectus sheath 
needs to be incised in a vertical manner. This can be done either with fine scissors, working from 
the arcuate line superiorly, or by using a no. 15 blade to incise the posterior rectus sheath near its 
lateral border. These maneuvers can usually be performed via the midline approach. On occasion, 
the surgeon may need to work lateral to the left rectus muscle. The surgeon can then carefully dis
sect with fine scissors between the posterior rectus sheath and the underlying peritoneum to develop 
the potential space therein. Once this space is developed, a vertical incision in the posterior rectus 
sheath can be lengthened to provide adequate space. Once again, the retroperitoneal space is then 
entered lateral to the peritoneum, and a Deaver retractor is placed. 

The mobilization of 1he great vessels is important at the IA-LS disc space. With a self-retaining 
Deaver retractor placed at the edge of the LA-LS disc, the surgeon can take time to examine the vas
culature. Through blunt dissection, the left common iliac artery should be identified, as should the 
left common iliac vein. On occasion, the surgeon can mobilize these vessels across the disc space 
without any additional ligature. More commonly, however, the iliolumbar vein and possibly the lA 
segmental vessels need to be divided The iliolumbar vein is a very short, thick vein that comes into 
the left common iliac vein laterally. from underneath the psoas muscle. This vein tethers the left 
iliac vein and prevents it from being retracted across the spine. It needs to be identified and divided. 
I prefer to do this first with a fine right-angled clamp and by passing two silk ligatures around the 
vein. Next, I place a metal Ligaclip (Ethicon Inc., Somerville, NJ) distally and divide the vein. I 
then use a 5-0 monofilament suture in a baseball stitch across the stump of the divided iliolumbar 
vein proximally. This ensures that, during retraction, the surgeon does not lose control of this vein. 

Blunt dissection can then begin lateral to the left common iliac artery and vein and worked across 
the IA-LS disc space. Once again, if the vessels cannot be retracted beyond the midline, the lA 
segmental artery and vein need to be located superiorly and divided. As before, when dissecting the 
inferior vena cava or left common iliac vein, 1he surgeon should be careful not to exsanguinate 1he 
vessel and injure its edge. Small perforating veins are often present between the lA and LS disc annu
lus and the inferior vena cava. These should be located, cauterized with bipolar cautery, and sharply 
divided. Once the vessels are adequately mobilized from left to right across the IA-LS disc space, 
the self-retaining retractor blades, protected K-wires, or both can be placed in the vertebral body of 
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lA to maintain retraction. Laterally, the retractor is placed medial to the psoas muscle. The sympa
thetic chain should be identified and protected. The surgeon must remember that once these great 
vessels are in the retracted position, the remainder of the procedure should be performed rapidly and 
efficiently to minimize the amount of retraction time. If the table was rolled toward the right for the 
approach, it should, at this point, be rolled into the flat position for the remainder of the procedure. 

Disc Arthroplasty 

As before, fluoroscopy is utilized to locate the midline of the disc space, which is appropriately 
marked. A complete discectomy is then be performed, again using curettes to remove endplate car
tilage and disc material. For arthroplasty, care should be taken to remove all of the posterior annulus 
and, if necessary, a portion of the posterior longitudinal ligament in order to perform a posterior 
release. It is imperative, when the disc is distracted, that all portions of the endplate are mobi
lized. The surgeon can check this with handheld disc space distractors. The bony endplate should 
remain intact. The surgeon can then appropriately prepare the endplates for arthroplasty by using 
the device-specific cutting jig, which will mark the location of the endplate fin or keel. The actual 
insertion tool is then applied, the disc space is distracted, and the prosthesis is placed. In general, the 
disc prosthesis should be placed posteriorly within the disc space. 

POSTOPERATIVE MANAGEMENT 

After stand-alone cage arthroplasty, patients are ambulated the same afternoon. They wear only a 
soft abdominal binder. Clear liquids and a light meal are given in the evening after surgery, and most 
patients are discharged home the following morning. Nonimpact aerobic exercises begin 4 weeks 
after surgery, and light weight lifting can begin at 6 weeks. 

COMPLICATIONS 

The rectus abdominis muscle is innervated from its lateral nerves. If multilevel approaches are used, 
it is possible to denervate this muscle. Great care should be taken to stay medial (i.e., in the midline) 
to the rectus muscle whenever possible. If lateral dissection is required, the surgeon should take care 
to find the segmental innervation and preserve it. For three levels or more, it is better to approach the 
spine laterally through a flank approach and leave the rectus abdominis muscle alone. 

The ureter should be identified in the retroperitoneal space and protected. The ureter is prone to 
injury, particularly at L4--L5. Inadequate visualization at L4--L5 most commonly results from the 
inability to ligate the iliolumbar vein. If this vein is not ligated, excessive stretch will be necessary 
to be placed upon the left iliac vein, and inadequate exposure will result. Vascular injuries are most 
commonly tears of the left common iliac vein. If these occur, an immediate tamponade should be 
provided with a sponge stick. Usually, these tears can be repaired with a 5-0 monofilament suture. 
In rare instances, a backing pledget is required in their repair. For complex repairs, the assistance 
of a vascular surgeon is necessary. When placing self-retaining retractors, it is very important to 
ensure that the vein is adequately protected beforehand. Similarly, before each step in the procedure, 
particularly before reaming and cage placement, the surgeon should recheck that the vein has not 
worked its way out from under the retractor. 

Bladder injury is rare. In revision cases or following mesh herniorrhaphy, the bladder may become 
adherent to the abdominal wall and be prone to injury even with blunt dissection. Early recognition 
and immediate repair are essential should these occur. 

Improper cage or arthroplasty placement usually is a result of poor exposure. Orientation to the 
midline and the use of fluoroscopy greatly enhance positioning. Ideally, the implants should be 
centered on the midline, and a minimal amount of reaming from either endplate should be performed. 
Appropriate implant sizing is based on preoperative templating and intraoperative measurements. 
Postoperative cage displacement is usually caused by inadequate bone stock (as in osteoporosis), 
excessive instability (e.g., as in spondylolisthesis), or inappropriate cage sizing. 

Retrograde ejaculation may occur in men following AUF. This incidence is low and appears 
to depend greatly on surgical technique. Certainly, retroperitoneal exposure lowers this risk when 
compared to transperitoneal exposure. All cautery near the presacral nervous plexus should be 
avoided. Minimal peridiscal exposure, always blunt, is also helpful. 

It is controversial as to whether implant choice or bone graft substitute use affects the incidence 
of retrograde ejaculation. Over the past 10 years, using titanium cages and rhBMP-2, the author's 
incidence of RE is less than 1%. 

Mini-open anterior approaches to the spine carry low rates of morbidity; in our series, vascular 
repair was necessary in fewer than 2% of cases, and bladder or ureter injury is even more rare. 
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Retrograde ejaculation may occur if damage to the presacral plexus occurs. With the open retro
peritoneal approach, this problem ill much less frequent than with transperitoneal or laparoscopic 
approaches. In our series, it has occun:ed in just one case in more than 200. 

RESULTS 

The treatment of disc degeneration with cage AUF has met with variable sua:ess. Patient selection is 
key. Single-level procedures are, in general, more successful than multilevel procedures. Collapsed 
disc spaces are more amenable to surgical treatment than are "dark discs" with positive discograms. 
For single-level collapsed discs, a 90% clinical success rate is possible (FJ.gs. 27-IS to 27-17). 

FIGURE 27·15 
This sagittal MRI scan shows marked disc 
degeneration at L5-S1. Note the disc space 
collapse and modic changes on either side of the 
endplate. 

FIGURE 27·16 
Preoperative lateral radiograph demonstrating 
marked collapse and degeneration of the L5-S1 
disc space. This resulted in chronic, aching low 
back pain. 
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LumbarD 
Arthroplasty 

Darren R. Lebl, Federico P. Girardi, Alexander P. Hughes, 
and Frank P. Cammisa Jr. 

INDICATIONS 

For Illii.IIY years, lumbar spinal fusion has been COD8i.dered the "gold standml" treatment for 
degenerative disc disease (DDD) that fails conservative therapy. Reports of symptomatic adjacent 
segment disease (ASD) at the levels cephalad or caudal to a fusion have been estimated to occur in 
as maoy as 16% of patients at S yean and 36% of patients at 10 years postoperatively (4). As such, 
lumbar total disc replacement ('IDR) has become a widely pe:rfonned operation in many parts of the 
world wilh enc.ouraging early to midtenn outcomes (10). FDA approval in 2004 of the Charite (11) 
(Depuy Spine, Raynham. MA) and in 2006 of the Prodisc-L (12) (Synthes Spine, West Chester, PA) 
has expanded TDR utilization in the United States for the treabnent of one-level DDD from L3-S1 
(Prodisc-L) to IA--S1 (Charite). At present, the indications and optimal selection of patients for 
'IDR remain a topic of ongoing debate. 

Generally, skeletally mature patients with chronic discogenic low back pain (LBP) due to DDD 
that is unresponsive to a minimum of 6 months of conservative measures such as physical therapy, 
weight l.o8s, activity modification, pain management, and injections llUlY be considered for lumbar 
TDR Clinical history of symptomatic DDD that is COD8i.stent with physical examination and imag
ing studies is important for app.topriate patient selection. A lack of clear consistency between these 
methods of evaluation llUlY signal involvement of other disease processes considered in the differen
tial diagnosis, psychiatric disorders, secondary gain issues, or narcotic pain medication dependency. 

CONTRAINDICATIONS 

Active infection, clinically significant facet joint arthropathy, metal (or polyethylene) allergy to 
the TDR device material, morbid obesity, rbeullUltologic disorders, clinically significant central or 
lateral receas stenosis, and greater than grade 1 spondylolisthesis are absolute contraindications to 
lumbar TDR. Cum:nt FDA approval recommends TDR be avoided in patients with objective osteo
penia or osteoporosis (T-score less than -1) (12). Greater than 3 mm of anterolisthesis, 11 degrees 
of scoliosis, bilateral pars defect8, and iatrogenic instability following posterior decompression are 
abo contraindications to lumbar 'IDR (12). 

PREOPERATIVE PREPARATION 

Preoperative preparation of the candidate for lumbar TDR includes patient education, thorough 
history and physical examination to rule 0111 any of the above potential contraindications, and 
study of preoperative radiography. Preoperative CT scan permits analysis of the morphology of the 
patient's bony endplates at the planned TDR level for preoperative consideration of device sizing. 
Variations in sacral morphology or endplate irregularities IJUly preclude stable fixation of the metal
lic 'IDR endplate. MRI will help to evaluate any .retrovertebral disc material or foraminal stenosis 
that requires surgical decompression. Concordant pain on provocative discography llUlY provide 
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FIGURE 28-1 
Proper supine patient positioning 
for lumbar TOR with arms abducted 
90 degrees and legs abducted and 
all appropriate pressure points are 
padded. Surgical drapes are placed 
proximally at the xiphoid process 
and distally at the pubic symphysis 
for exposure of the entire abdomen. 

PART III Lumbar Spine 

additional information to the practitioner to aid in patient selection; however, it has not been shown 
to be highly predictive of identifying bona fide intradiscallesions causing chronic LBP (2) and may 
accelerate disc degeneration at the control levels (1). As such, the authors do not recommend routine 
discography as part of the preoperative imaging studies. Preoperative lumbar spine :MRI and cr 
may be reviewed to determine the level of aortic and iliac bifurcation and to screen for the presence 
of any vascular anomaliea that may complicate the exposure. 

TECHNIQUE 

Patient Positioning and Setup 
Following the induction of general endotracheal anesthesia. the patient is positioned in the "da 
Vmci position"-supine with the arms abducted 90 degrees and the legs abducted (Fig. 28-1). 
Patient positioning should allow for C-arm positioning circwnferentially around the operative 
table. A latera111uoroscopic image taken prior to prepping and draping with a radiographic marker 
at the site of the planned skin incision will ensure the exposure is at the appropriate level (Figs. 28-2 
and 28-3). Anatomic variations in the patient's sacropelvic anatomy (pelvic incidence= pelvic tilt 
+sacral slope) may preclude safe surgical approach to the operative disc space. The abdominal 
region is prepped and draped from the xiphoid process to the symphysis pubis and laterally to the 
anterior axillary line. 

Surgical Exposure 
Routine anterior retroperitoneal approach to the lumbar spine is performed by 4 to 6 em left-sided 
paramedian transverse skin incision for single-level cases. A right-sided approach may alternatively 
be performed in the setting of prior abdominal surgery. Many spine surgeons perform this approach 
assisted by a vascular access surgeon. The external oblique fascia is identified and is incised just to 
the left of midline to allow blunt finger elevation and mobilization of the rectus sheath laterally or 

FIGURE 28-2 
Lateral fluoroscopic measurement is 
essential for proper exposure of the 
operative segment TDR balancing 
intraoperatively. 
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FIGURE 28-3 
A radiopaque marker such as a 
curved hemostat placed over the 
region of the skin incision will 
ensure that the patient's lumbo
sacral anatomy permits safe and 
adequate exposure. 

toward the midline (Fig. 28-4A and B). The posterior rectus sheath is incised longitudinally, and 
the peritoneal contents are gently swept medially by blunt manual dissection. The peritoneum is 
elevated away from the psoas muscle with care that the ureter remains medial along with the perito
neal contents. Diac artery pulsations may be palpated, and the LS-S 1 disc space can be exposed in 
the interval between the bifw:cated iliac vessels. The middle sacral vessels may course through the 
midline on the anterior aspect of the LS-S 1 disc space and require ligation. Gentle retraction of the 
iliac vessels laterally and superiorly is necessary for adequate exposwe of LS-S 1. 

The approach to IA-LS or L3-IA may require ligation of the ascending iliolumbar vein as it 
drains from a cephalad direction into the common iliac vein on the left. The aorta and vena cava are 
gently mobilized medially from left to right to provide adequate midline exposure of the operative 
disc space. The disc is marked by a spinal needle or curved hemostat in the midline, and AP and 
lateral fluoroscopy are performed to determine the location of the midline and to ensure the correct 
operative level, respectively. AP fluoroscopy is used to mark the midline on the cephalad and caudal 
vertebral bodies with Bovie electrocautery for later TDR device positioning (Fig. 28-S). 

Disc Space Preparation 

A box-cut annulotomy is marked out through the anterior longitudinal ligament (AIL) and anterior 
annulus of the disc space using Bovie electrocautery and incised using a long-handle no. 10 scal
pel (cutting the disc in a direction away from the iliac vessels). A sequence of pituitary rongeur, 

A B 

FIGURE 28-4 
Approach through the rectus sheath {A) and mobilization (B) to expose the peritoneal contents. 
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FIGURE 28·5 

Spinal needle or curved hemostat is 
used to mark the midline on Fergu
son AP imaging (shown), and lateral 
imaging will confirm the correct 
operative segment. Visualization of 
the pedicles at the operative seg
ment will aid in correct determina
tion of the AP plane. 
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Kenison rongeurs, straight and curved curette&, and ring curettea is performed for completion of 
the discectom.y. Removal of endplate cartilage is necessary ('IDR devices rely on bony ingrowth/ 
ongrowth to the device itself) and should be performed gently using a ring curette to expose bleeding, 
viable endplate bone. Resection of the posterior longitudinal ligament (PLL) i.s performed by plac
ing a nerve hook underneath the longitudinal fibers in the midline to develop the interval between 
the PLL and the epidural space thereby allowing the footplate of a no. 2 or no. 3 Kenison rongeur to 
be passed under the ligament for resection laterally towanl the foramen. Thrombin-soaked Gelfoam 
and bipolar electrocautery are utilized to improve hemostasis of the endplate surfaces and in the 
epidural space during this portion of the procedure. 

A small, curved curette may be gently placed into the nemoforamen posterolaterally to ensure 
that during flexion/extension and lateral bending of the motion-preserving device, impingement of 
the exiting nerve root does not occur. A meticulous di.scectomy i.s necessary for 1DR procedures due 
to the possibility of any residual disc material to migrate or impinge on neural structures during the 
preserved motion of the functional spinal unit 

TDR Implantation 
The implantation technique of the IDR i.s dependent on the design of the particular device. With 
any IDR device, optimal clinical results will be achieved when the axis of rotation of the IDR is 
approximated to the axis of rotation of the functional spinal unit. Arthroplasty in the axial skel
eton does not permit intraoperative placement of the implanted TDR device through the patient's 
functional range of motion intraoperatively (as can be performed easily in arthroplasty in the 
appendicular skeleton). As such, TDR balancing in the lumbar spine relies on direct visualization 
of the disc space and prediction of the position of the IDR device during a physiologic range of 
motion. AP/Ferguson view and lateral fluoroscopy allow positioning of the TDR device in the 
mediolateral and anteroposterior planes, respectively. On the Ferguson view, the lumbar pedicles 
serve as landmarks for assessment of the rotation of the spine for optimal positioning of the device 
in the midline. 

Under lateral fluoroscopic guidance, a vertebral body spreader may be utilized for distraction 
of the disc space (Fig. 28-6A). Trialing of the device i.s next performed, and the largest footprint 
size to IDa'I'imiz.e coverage of the host endplate is chosen to allow loading of the device on the 
strongest portion of the endplate bone (laterally in the apophyseal ring). Lordosis (Prodi.sc-L--6 or 
11 degrees lordotic implants) should be chosen to maU:h the patient's sagittal alignment as deter
mined by preoperative imaging studies (Fig. 28-6B and C). Devices with a keel (Prodisc-L) utilize 
the trlaling device as a cutting jig to guide the direction and depth of the chisel cuts. Chisel cuts 
are made in the midline as determined by the pedicles and marked previously on AP fluoroscopy. 
The Prodisc-L device is inserted with the endplates in a collapsed position and is later distracted 
for insertion of the polyethylene inlay (10-, 12-, or 14-mm height sizing options). Once the poly
ethylene inlay locks into position into the cobalt chrome tray, a nerve hook is used to verify that 
there is no gapping or step-off. Final implant position is confirmed on AP and lateral fluoroscopy 
(Fig. 28-7 A-C). 
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A B 

FIGURE 28-6 

c 

Disc space distraction may be necessary if the degenerative 
disc has lost its height preoperatively (A) and tria ling in the 
lateral (B) and AP/Ferguson (C) views is utilized for proper 
implant balancing and positioning. 

Wound Closure 
Inspection of the anterior disc space and iliac vessels for meticulous hemostasis is recommended 
prior to wound closure. Deep retractors are removed, and the rectus sheath is closed with running 
no. 1 polydioxanone suture. Deep dermal closure is performed with interrupted 2-0 Vicryl sutures 
and skin closure completed with 3-0 Monocryl subcuticular stitch followed by Steri-Strips and 
sterile surgical dressing (Fig. 28-SA and B). 

PEARLS AND PITFALLS 

The initial and perhaps most common pitfall of lumbar 1DR ill improper patient selection. Degen
erative changes such as sclerosis may falsely elevate dual-energy x-ray absorptiometty (DEXA) 
scores in the lumbar spine (8). Therefore, the authors' preferred method is to not rely solely on the 
lumbar DEXA T-score. In the scenario in which aT-score is within the normal range in the lumbar 
spine and the T-score values in 1he appendicular skeleton (hip, wrist) are suggestive of osteopenia or 
osteoporosis, IDR is not recommended. 

The authors' preferred operative technique begins with the setup and positioning of the patient. 
Intraoperative lower extremity pulse oxim.etty recording is used to alert the surgeon of retractors 
that may be occluding, inducing thrombus formation, or damaging the adjacent iliac vessels. Intra
operative neuromonitoring is recommended in all patients to ensure that during device sizing and 
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A 

FIGURE 28·7 
In situ lumbar TOR at L5-S1 (A) with midline positioning 
determined by endplate and keel positioning relative to 
vertebral endplates and pedicles (B) and balancing in the 

B 

lateral plane (C). c 

A B 
FIGURE28-8 
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Transverse skin incision closed with 3-0 absorbable subcuticular suture (A) and 1-year follow-up of well-healed scar (B). 
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implantation, distraction of the disc space does not result in a traction-related neurapraxia and to 
avoid direct impingement of the 1DR device on the exiting nerve root. 

During fluoroscopic confirmation of the operative level, the authors' preferred technique is 
to mark the ALL with a hemostat (as opposed to an intradiscal spinal needle) to avoid potential 
iatrogenic violation of a nonoperative spinal segment and potential acceleration of degeneration 
by the marking procedure itself. Wide surgical exposure with careful handling of the iliac vessels 
will allow complete and thorough discectomy with removal of the degenerated disc in its entirety. 
Following resection of the PLL, a small curved curette or ball-tipped probe may be placed behind 
the posterior margin of the vertebral body to remove any retrovertebral disc material and postero
laterally to ensure adequate foramina! decompression. Gentle endplate preparation (and avoidance 
of rasps or aggressive instruments to remove endplate cartilage) will help to avoid propagation of 
stress risers and later device subsidence. During device implantation, lateral fluoroscopy is utilized 
to avoid placement of the 1DR endplates in relative extension or in an anterior position in the disc 
space to avoid the posterior component "fish-mouth" impingement seen commonly in clinically 
failed devices (5). Oversizing of the implant may also be avoided by lateral fluoroscopic visualiza
tion during trialing of the implant and comparison with preoperative templating. 

POSTOPERATIVE MANAGEMENT 

Neurovascular examination is the first step in the postoperative management of the 1DR patient. 
Evaluation of lower extremity capillary refill, edema, temperature, and pulses allows assessment 
of the iliac vessels. Lower extremity sensorimotor examination will help rule out any distraction
related neurapraxia of the nerve roots at the operative segment. Patient is kept nil per os (NPO) until 
bowel function has returned, and then diet is advanced as tolerated. Early patient mobilization as 
tolerated (POD no. 0 to no. 1) will improve motility and speed the postoperative recovery. Upright 
AP, flexion, and extension x-rays allow early assessment of device positioning and performance 
under a physiologic load and during range of motion. Hospital length of stay is patient specific and 
may vary from 2 to 5 days. 

COMPLICATIONS 

Potential exposure-related complications related to major vascular injury during 1DR are similar in 
incidence to those reported in the literature for anterior lumbar interbody fusion (AUF) procedures 
in clinical reports and meta-analysis (less than 3% to 5%) (3,13). 1DRrequires improved visualiza
tion of the disc space for device balancing as compared to mini-AUF techniques. As such, overag
gressive retraction of the vessels should be avoided. 

Postoperative ileus is a relatively common occurrence following anterior retroperitoneal or trans
peritoneal exposure of the lumbar spine and close monitoring of bowel function, and management 
of fluid/electrolyte status is imperative. The preoperative informed decision-making process should 
include the possibility of approach-related retrograde ejaculation (6), in particular, in younger male 
patients with future reproductive plans. 

Undersizing of the 1DR implant may result in hypermobility of the motion segment and endplate 
impingement of the 1DR device. Smaller PE insert height (10 mm) and lower degrees of lordosis 
(6 degrees) have been associated with metallic endplate impingement in retrieved semiconstrained 
1DR devices. 

International1DR retrieval study data have demonstrated clinical failure to occur in patients due 
to a variety of reasons including continued axial back pain, radicular symptoms, endplate collapse 
or implant subsidence, component migration, and polyethylene dislodgement (5). Device failure 
due to continued axial back pain may potentially be minimized by ensuring an adequately posterior 
position of the 1DR device, which serves to unload the facet joints and permit a more physiologic 
load transfer to the vertebral bodies (9). 

Wear particles of similar size to those generated by total hip and total knee replacements have been 
demonstrated following 1DR (7). Nonetheless, polyethylene-induced osteolysis to date has been an 
infrequent problem following lumbar 1DR, potentially due to the lack of a true joint synovium in 
the disc space (to contain the wear debris and induce an osteolytic cascade), and few reports of this 
phenomenon have been made at the present time. 

RESULTS 

Successful treatment of the patient afflicted by severe DDD with lumbar 1DR may be evaluated by 
satisfactory fixation of the device to the host endplates; proper device balancing to avoid impinge
ment of the 1DR endplates or adjacent neurologic structures; improvement or maintenance of neu
rologic status; avoidance of subsidence, migration, or loosening; clinical improvement in symptoms; 
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a decrease in the incidence of ASD compared to fusion; and long-term follow-up. At present, it is the 
last of these criteria that remains to be reported. 

Radiographic success in the FDA-IDE trial for the Prodisc-L device was defined as no radio
graphic evidence of device migration or subsidence greater than 3 nun, no loss of disc height greater 
than 3 nun, no extensive radiolucency along the implant/bone interface (less than 25% of the inter
face's length for each endplate defined as success), range of motion at the implanted level that is 
maintained or improved from the preoperative baseline, and no evidence of bony fusion (12). 

Retrieval analysis of clinically failed Prodisc-L devices has demonstrated metallic endplate 
impingement, in particular, posteriorly, to be a common finding (5). Preservation of the ALL may 
avoid this extension imbalancing by transpsoas TDR from an extreme lateral approach, which has 
shown encouraging early results but remains to be studied in larger trials (5). Newer devices that 
are being implanted in parts of Europe (M6-L, Spinal Kinetics, Sunnyvale, CA) with a shock
absorbing capacity due to an artificial polymer nucleus and an artificial fiber annulus may more 
closely approximate the nonnal properties of the lumbar intervertebral disc than the semiconstrained 
ball-and-socket metal-on-polyethylene devices, and studies of these newer designs are under way. 
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Lateral Lu 
Interbody Fusion 

Neil Badlani and Frank M. Phillips 

INDICATIONS 

Lateral lumbar interbody fusion (I.LIF) is a relatively new technique that allows for interbody 
fusion and anterior column support through a minimally invasive, traDBpsoas approach. Like a.uy 
interbody fusion, it allows for increased sutface area for fusion, restoration of disc and foraminal 
height, and potential correction of both sagittal and coronal plane deformities (4,8,13). It is there
fore indicated when interbody fusion and anterior column support or reconstruction is desired in 
the thoracic or lumbar spine, proximal to L5-S 1. Examples of this include 

lnstabilityllow-grade spondylolisthesis 
Sagittal or coronal deformity correction 
Degenerative disc pathology, that is, discogenic low back pain or postdiscectomy axial back pain 
Foraminal stenosis treated though indirect decompression from restoration of disc height 
Adjacent segment disease 
Revision for posterior pseudoarthrosis 
Carpectomies for tumor or trauma can also be performed through the lateral approach with similar 

reconstruction of the vertebral body and anterior column with a variety of static and expandable 
cages or allograft struts (3,16). 

CONTRAINDICATIONS 

The iliac crest generally precludes performing an LLIF at LS-S1 and may make the approach to 
L4-LS challenging. 

Variations in retroperitoneal anatomy, including prior surgery with scaning or abnormal location 
of blood vessels (that may accompany rotational deformities of the spine), will make the lateral 
approach more challenging. This anatomy should always be reviewed prior to the procedure. 

In cases of severe central stenosis, the indirect decompression from LLIF alone will likely not be 
enough to decompress the neural elements. 

High-grade spondylolisthesis 
Severe osteoporosis may predispose to greater subsidence; therefore, additional fixation is 

recotDJDeDded ( 1 ). 

ADVANTAGES 

ILIF is essentially a minimaiJy invasive variation of anterior lumbar interbody fusion (AUF). When 
compared to AUF, ILIF allows for interbody fusion without the need for an access surgeon and 
without the potential disruption to peritoneal contents, the sympathetic hypogastric plexus, and 
avoiding the need for mobilization of the great vessels (12, 15). 

When compared to posterior approaches for interbody fusion, LLIF spares the important posterior 
paraspinal muscular-ligamentous structures. There is greater access to the disc space through a 
larger portal for discectomy and interbody preparation without the need for retraction on the intra
canal neural elements implicit to a transforaminallumbar interbody fusion or posterior lumbar 
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interbody fusion. A larger implant can be placed after LLIF when compared to posterior interbody 
fusion. 

The primary advantage is that the procedure is minimally disruptive, resulting in lower blood loss, 
shorter hospital stays, lower complication rates (REFs), and quicker return to function than tradi
tional open approaches (2,6,14). 

DISADVANTAGES 

Approach-related challenges including potential direct or traction injury to the lumbar plexus or 
disruption of the psoas itself. These can be minimized with knowledge of the relevant anatomy 
and careful neurologic monitoring. 

L5-S 1 cannot be accessed through this approach. 
No direct decompression of the neural elements can be performed. 
The procedure is performed in the lateral decubitus position, and therefore, repositioning is typically 

required if additional posterior instrumentation or decompression is required. 

PREOPERATIVE PREPARATION 

Positioning 

Patient positioning is critical in LLIF. The procedure is done in the lateral decubitus position. Either 
left- or right-sided approaches can be done. The relevant anatomy and the desired spinal defor
mity correction should be considered when deciding which side to approach from. In general, 
at IA-L5, we prefer to approach from the side with a more caudal iliac crest. Otherwise, right 
lateral decubitus position, allowing for a left-sided approach, is generally used, unless the spinal 
deformity dictates otherwise. 

A radiolucent bendable surgical table is required. Portable C-arm fluoroscopy is used throughout the 
case and therefore must be able to pass freely under the table to obtain imaging. 

Given these considerations, we prefer to use a regular operating room (OR) table, turned 180 degrees 
with the patient's head at the normal position of the feet. This allows for easier passage of the 
fluoroscopy machine under the table. 

Neurophysiologic monitoring electrodes should be placed on the patient's lower extremities to allow 
for triggered and free-run electromyographic (EMG) testing during the procedure. The anesthesia 
provider should be informed to avoid using long-acting muscle relaxants, which may preclude 
accurate neurologic monitoring. 

The patient should be positioned with the break in the bed at the level of the greater trochanter. The 
pel vis should be level, with the gluteal crease visualized from the bottom of the bed as a horizontal 
line, parallel to the table. 

Appropriate padding is used over bony prominences and sites of nerve compression, particularly 
the peroneal and ulnar nerves. An axillary roll aids in positioning the trunk and arms, which can 
be draped over an arm board. 

The patient is taped down in several places, which is again critical to success of the procedure. The 
trunk is secured to the table with one strip of tape over the rib cage, proximal to the field, and a 
second just below the iliac crest. The hips and knees should be flexed and taped with two indi
vidual strips. The first starts at the iliac crest and follows parallel to the femur, over the anterior 
knee, and to the table. This should provide some distal traction force to the iliac crest. The second 
follows the path of the tibia, crossing the other at 90 degrees and secured to the table at both ends 
(Fig. 29-1). 

The table is flexed at the break, moving the pelvis caudally and the rib cage cranially away from 
the iliac crest, improving lateral access particularly at L4-L5, and opening up disc spaces in the 
lumbar spine (Fig. 29-2). 

RADIOGRAPHIC LOCALIZATION 

The surgeon stands posterior to the patient. Ideally, the C-arm is brought in from the anterior direc
tion to be less obtrusive to the surgeon (Fig. 29-3). 

An anteroposterior (AP) fluoroscopic image is obtained first. It is recommended to adjust the tilt 
of the table to get the desired true AP image and keep the C-arm in a fixed position. This allows 
for ease of transition between true AP and true lateral images throughout the case with only a 
90-degree turn of the machine. 
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FIGURE 29-1 

Taping configuration for patient positioning. 

True AP and lateral images with centered spinous processes, symmetric pedicles, and distinct 
endplates should be obtained before prepping and draping (Fig. 29-4). 

SKIN MARKING 

A wide surgical field should be draped with the lateral border of the rectus abdominis as the anterior 
boundary and m.idl:ine spinous processes posteriorly. 

Before incision, localization of the disc space is performed on the lateral fluoroscopic image. For a 
single level, an incision from the anterior to posterior border of the disc can be used, in line with 
the disc space itself (Fig. 29-5). For multiple levels, it is possible to use a more oblique incision to 
access 2 or 3 discs. This should be angled with a trajectory from posterior superior to an anterior 
inferior to account for the lordosia. 

H desired, a counterincision into the retroperitoneal space can be made to aid in the initial passage 
of instruments into the retroperitoneal space. This is a horizontal incision made posterolaterally 
(Fig. 29-6). Ideally, this is made just at the lateral border of the erector spinae muscle and also 
allows for palpation of the psoas, transverse processes, and even the disc space itself although this 
will vary in larger patients. The finger in the retroperitoneal space is used to escort instruments 
inserted laterally on to the psoaa muscle. 

TECHNIQUE 

Initial Approach and Retroperitoneal Exposure 

H the two-incision technique is used, the counterinciaion should be made first. 
Aftecdissecticn throogb subcutaneous tissue with elec1rocautery, Metzenbaum scissors are used for bbml 

dissection tbrough the abdominal oblique musculature at a 45~ angle. Once a loss of resistance 
is felt, the n:tmperiiDneal space haa been entered. Scisson are carefully spn:ad to dilate the opening. 

Scissors are removed, and the surgeon's fingecis then passed through the plane created into the .retroper
itoneal space. Abdominal contents should have fallen sufficiently forward, but blunt finger dissection 
can be done additionally to better ensun: the path is clear and any adhesions are disrupted (Fig. 29-7). 

The undelsurface of the direct lateral approach incision is then palpated. The incision is made, 
and dissection can be done with the Bovie down through the abdominal musculature toward the 
retroperitoneum and onto the surgeon's finger. 

This approach can be done safely through a single incision as well. Care should be taken through the 
dissection. Distinct muscle layers of the external abdominal oblique, internal abdominal oblique, 
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FIGURE29·2 
Photograph and 
iII ustrat ion of table 
flexion improving 
lateral access and 
opening of disc spaces 
in the lumbar spine. 

PART III Lumbar Spine 

and ttansversalis abdominis can be identified to aid in knowledge of the depth of the approach. 
The transversalis fascia has a smooth, glistening appearance, which can be recognized and is the 
last layer to traverse before entering the retroperitoneal space. 

Transpsoas Approach and Intervertebral Disc Access 
A small cannulated initial dilator is passed into the wound. If the counterincision has been made, 

dilators can be guided into the retroperitoneum with the surgeon's finger and onto the psoas 
(Fig. 29-SA and B). This should be connected to the EMG system for neurologic monitoring while 
traversing the psoas. Lateral and AP fluoroscopy are used to reconfirm position of the dilator over 
the center of the intervertebral disc. 

The transpsoas approach places the lumbar plexus in danger. It runs primarily within the posterior 
two-thirds of d:le psoas (Fig. 29-9). The genitofemoral nerve exits the psoas at 1..3 or lA and then 
travels on the abdominal surface of the muscle and can be injured as well. 



Auoro monitor 

A 

FIGURE 29-4 

B 

FIGURE29-3 
Operating room setup. 

True radiographic AP (A) and lateral (B) images of the level in question, with centered spinous processes, symmetric pedicles, 
and distinct end plate. 
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FIGURE29·5 
Illustration and photo
graph of technique to 
localize the center of 
the disc space in ques
tion before incision. 
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The nerve trunk has been shown to be a mean of 14 mm posterior to center of disc. which is a mean 
of 5 mm closer to the center of the disc than the exiting nerve root. Nerve trunks are closer to the 
center of the disc caudally in the lumbar spine with the distance ranging from 16.4 mm at L2-L3 
to 10.6 mm. at L4-LS (11). 

Therefore, the safe zone has been identified as the middle posterior quarter of the verte
bral body from Ll-L2 to L3-L4 and diJ:ectly at the midpoint of the vertebral body at L4-LS 
(Fig. 29-10) (18). 

As the dilator is passed through the psoas, triggered EM:G is performed (Fig. 29-11). The dilator 
should be oriented with the electrode directly posterior initially. As the dilator advances, it can be 
spun so the electrode stimulates over the entire posterior half of the approach path. 

EM:G activity typically lower than a threshold of 10 mArepresents proximity too close to the lumbar 
plexus or nerve roots (Fig. 29-12). If this is the case, the dilator should be repositioned, most likely 
anteriorly, and the approach should be repeated. 
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Inferior 

A 

FIGURE 29·7 

B 

border of erector 
spinae muscle 

c 
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FIGURE29-6 
Preoperative position and 
location of incisions. 

Retroperitoneal space is entered first with Metzenbaum scissors (A). The surgeon's finger is then used to palpate the undersur
face of the lateral incision (B) and the psoas (C). 
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FIGURE29-8 
A: The surgeon's finger 
guides the dilators into 
the retroperitoneum. 
B: The surgeon's finger 
guides the dilators 
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through the psoas. A B 

Once the dilator passes safely, lateral fluoroscopy ill Wled to confirm a position as close to the center 
of the disc space as possible (Fig. 29-13). A K-wire is then passed through the dilator into the 
center of the disc space to allow for stable docking (Fig. 29-14 ). 

Sequential dilation ill performed. Triggered EMG should be done as each dilator is passed through 
the psoas to confirm safety of the approach. Once dilation is safely completed. the expandable 
retractor or working cannula is passed and docked to the table. A light source can be attached. 
Lateral fluoroscopy confirms position over the disc space. 

An EMG probe is then passed into the wotking portal, and the neurologic topography of the field 
can be carefu.ll.y mapped out to ensure a safe operating window. 

Bipolar electrocautery can be used to remove remaining psoas fibers and soft tissue to visualize 
the disc space directly (Fig. 29-15). AP and lateral radiographic images can be taken to confirm 
optimum positioning for discectomy and graft placement (Fig. 29-16). 

Discectomy and lnterbody Fusion 

Annulotomy can be made with a long knife. 
The disc space should be evacuated with pituitary rongeurs, shavers, and curettes (Fig. 29-17). 
A contralateral annular release can be done by passing a small Cobb elevator along each endplate 

until contact is made with the contralateral annulus (Fig. 29-18). The Cobb can then be gently 
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Ilioinguinal nerve ----!i 

Genitofemoral nerve --~ 
(cut) 

Lateral femoral cutaneous 
nerve 

Sympathetic chain---

Femoral nerve--

Lumbosacral trunk -----"'!!: 

FIIURE 29·9 

Surgical anatomy of the lumbar plexus. 

.;..._~~---- Dlaph~ 

!!-~!!~~.:-----Abdominal aorta 

1------ Transvense abdominis 
muscle 

advanced through the annulus with care taken not to plunge iDto lhe contralateral psoas, which can 
cause hematoma or nerve injury. This release improves symmetric distraction of the dille space 
and is best done under AP fluoroscopy. 

Kenison rongeurs can be helpful to safely widen the annulotomy from inside 1he disc space to 
improve visualization. 

Endplates should be prepared with complete removal or cartilage and disc material using various 
curettes. Care should be taken not to violate the osseous endplate, which can lead to increased 
bleeding and subsidence. 

Once discectomy is complete, trials are placed, and sizing is performed (Fig. 29-19). AP fluo
roscopy is used to check size and position. The implant should span the entire disc space and 
vertebral ring apophysis in the coronal plane to maximize surface area for fusion and stability. 
Implant height can be determined to appropriately improve lordosis and restore disc and forami
nal height. 

Implants or bone graft is pla.ced (Fig. 29-20). TYPically, this is a polyether ether ketone-type spacer 
with the surgeon's choice of osteobiologic or bone graft packed into the cage. Implant placement 
should be done under d.inlct vision and AP and lateral fluoroscopy to ensure appropriate final 
positioning (Fig. 29-21). 

Closure 
Copious irrigation is performed. 
Hemostasis is achieved with Floseal and bipolar electrocautery. The psoas is visualized to rebound 

with removal of the retractor. 
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FIGURE 29·10 
The dilator is passed through the psoas, and the guidewire is placed into the intervertebral disc. 

A 

FIGURE 29·11 

B 

Free-run EMG is performed to assure a safe working window through the psoas muscle. 

PART III Lumbar Spine 
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FIGURE 29-12 
When the dilator is passed through the psoas, EMG activity typically lower than a threshold of 10 rnA represents proximity too 
close to the lumbar plexus or nerve roots. 

A B 

FIGURE 29-13 
Lateral fluoroscopic images (A and B) showing appropriate position of the dilator in the center of the disc space. 
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FIGURE 29-14 
The guidewire is placed 
through the dilator and 
docked into the inter
vertebral disc. 

FIGURE 29-15 
Illustration of a centered 
view of the disc space 
through the retractor. 
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The wound is closed in layers paying particular attention to closure of the transversalis fascia. 
If open or percutaneous posterior approach is required for additional stability, then the patient is 

repositioned. 

Pearls and Pitfalls (Special Advice for the Advanced Techniques) 
Careful attention must be paid to preoperative imaging to ensure safety when approaching the spine 

and to determine the most efficacious approach. Intraoperative imaging including true lateral 
and AP radiographs is necessary to navigate a safe conidor between the nervous and vascular 
structure8 to the interspace (9). 

When treating multiple levels in a patient with degenerative lumbar scoliosis, we recommend 
approaching from the concavity of the deformity. This allows for access to more levels through 



29 Lateral Lumbar Interbody Fusion 369 

FIGURE 29·18 
Lateral and AP 
fluoroscopic image 
showing appropriate 
working window and 
retractor position just 
prior to discectomy. 

FIGURE 28-17 
Illustration of contra
lateral release with 
small Cobb elevator. 

FIGURE 29-18 
Illustration of removal 
of disc material with 
pituitary. 
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FIGURE 29-19 
Illustration of placement 
of intervertebral trial. 

FIGURE 29-20 
Illustration of interver
tebral spacer placed. 
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fewer incisions. The concavity is the side of greater soft tissue contracture, foramina! narrowing, and 
bony compression. Therefore, approach on this side of the spine allows for a more comprehensive 
soft tissue release at the site of greater pathology. Releasing the deformity here will allow for 
improved deformity COll.'eCtion and restoration of foraminal height and indirect neural decom
pression. In addition, this usually facilitates easier access to IA-LS above the iliac crest. Also, by 
placing the concavity up, the table bend will help facilitate correction of the scoliosis (9). 

When treating multiple levels, we recommend beginning at the most caudad level and continuing 
cephalad. Because of the segmental deformity in most degenerative scoliosis, the operating table 
and fluoroscopy may need to be adjusted at each level to ensure optimal radiographic imaging. 
Grafts should be wide enough to engage the stronger ring apophysis to minimjz,e subsidence. Lor
dotic grafts are usually helpful as well as many of these patients have a ftat or kyphotic back (9). 

If IA-LS is to be approached, careful proopemtive consideration must be given to the position of 
the iliac crest. The anatomy of some patients will make this approach very difficull Access is 
improved with maximum side bending of the table. 

Flexion of the hips to 90 degrees allows for relaxation of the psoas. This may decrease postopemtive 
psoas swelling and weakness and the potential for groin and anterior thigh pain. 

Neurologic monitoring is key to the safety of the procedure. It is very important to use the EMG 
probe in and around the working field to define a safe working zone. 

POSTOPERATIVE MANAGEMENT 

Postoperative management is standard. The patient is usually allowed to ambulate as tolerated. 
Bracing can be done at the surgeon's discretion for additional stability. 

In certain situations, the patient may return to the OR for additional posterior surgery if the proce
dure is staged. 

COMPLICATIONS 

The most common complications are postoperative groin or thigh pain, numbness and weakness 
related to the tnmspsoas approach, and irritation of the lumbar plexus. This is usually a sensory 
nerve injury resulting in paresthesias or transient post-op anterior thigh numbness, ipsilateral to the 
approach, occwring in about 10% to 12% of patients (2,7). Motor injury, resulting in lower extrem
ity weakness, is less frequent, occurring about 0.7% to 3.4% of the time in larger series (6,7,13). 
Recovery of either motor or sensory deficits can be expected about 3 to 6 months after surgery (.5). 

In a large review of600 cases (714levels), the overall incidence ofperlop complications was 6.2%. 
Most were minor medical complications including urinary ttact infection, myocardial infarction, 
pneumonia. postoperative ileus, and anemia requiring transfusion. These occur at a frequency less 
than open spine surgery with a reported incidence between 1.9% (6) and 3.7% (13). There were 
no wound infections, no vascular injuries, no .intraoperative visceral injuries, and 4 (0.7%) tran
sient postoperative neurologic deficits. Eleven events (1.8%) resulted in additional procedures/ 
reoperation (13). 

Other possible complications to be aware of are 1hose to abdominal viscera including the bowel and 
kidney (6.17). This is extremely rare but can be of significant consequence. 
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FIGURE 29-21 
AP and lateral 
fluoroscopic image after 
placement of interverte
bral spacer. 
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RESULTS 

The minimally invasive transpsoas lateral approach to the spine for interbody fusion is becoming 
increasingly popular because it requires significantly less soft tissue injury and morbidity than the 
traditional anterior approach. Early results have shown excellent efficacy in improving deformity in 
degenerative scoliosis and decreasing pain (6). 

Arthrodesis 
Fusion rates have also been promising. Wang and Mummaneni showed radiographic evidence of 
fusion in 84 out of 86levels they treated with LLIF at mean follow-up of 13.4 months (19). Youssef 
et al. (20) showed fusion in 68 of 84 patients (81 %) at 15 months by cr scan and flexion/extension 
radiographs. 

Functional Outcome 
Functional outcome is improved as well with this procedure. Wang and Mununaneni showed an 
improvement of 3.96 in the visual analog scale (VAS) for axial pain (19). A study of 25 patients 
receiving this treatment for degenerative scoliosis by Dakwar et al. (2) demonstrated an improve
ment of 5.7 points on VAS and 23.7% on oswestry disability index. 

Lumbar Stenosis 
Radiographic studies have shown significant indirect decompression of the neural elements with 
LLIF. In an MRI study of 21 patients (43levels), increases of 41.9% in average disc height, 13.5% 
in foramina! height, 24.7% in forarninal area, and 33.1% in central canal diameter were noted on 
postoperative radiographs (1 0). 
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Sacropelvic 
Fixation 

Han Jo Kim and Keith H. Bridwell 

INDICATIONS/CONTRAINDICATIONS 

Sacropelvic fixation involves the use of pelvic fixation methods for the purpose of protecting S 1 
screws in fusions pcrfon:w:d to the sacrum. The reason for this is inherent to the anatomic characta"
istics of the S 1 pedicle-which is patulous, cancellous, and usually comprised of thin cortical bone. 
Therefore, excessive stress on the S1 screw can result in screw loosening, pullout, loss of fixation, 
and pseudarthrosis. The indications for sacropelvic fixation therefore include (S) 

Long fusions to the sacrum in adults (proximal fusion level L2 or above) 
Short lumbosacral fusions under settings of severe osteoporosiB 
High-grade spondylolisthesis at L5-S1 (greater than 50% slip) 
Flat-back deformity requiring three-column osteotomy 
Correction of pelvic obliquity 
Sacral fractures with spinopelvic dissociati.on 
Tumor resection after sacrectomy 

From a conceptual standpoint, constructs that will result in huge biomechanical stre88es on the S 1 
screwa will require use of sacropelvic fixation. This includes constructs that provide a substantial 
amount of coronal or sagittal plane corrections. 

Contraindications for sacropelvic fixation are analogous to surgical contraindications for fusions 
involving the aacnun. If there is absolute certainty aa to obviate the uae of pelvic fixation for a fusion 
to the sacrum. sacropelvic fixation is not necessary and should not be performed since pelvic fixa
tion does increase operative times and can increase total operative blood loss. 

PREOPERATIVE PREPARATION 

Decision making on fusing adult CUI'Ve8 to the sacrum is based in part on the patient's complaints 
and where the principal pain seems to be (i.e., the thoracic spine, the thoracolumbar junction, or the 
distal lumbar spine). Appropriate bending films are helpful as well as upright films. It is most helpful 
that the upright films be long cassette to assess overall balance. 14 x 17 inches anteroposterior (AP) 
and laterals may be helpful to discern individual and regional segment pathology. Flexibility films 
that are helpful include a long cassette supine AP x-ray and right- and left-side bendels. A supine 
hyperextension x-ray will help determine the flexibility in the sagittal plane. Also, what we have 
termed a .. push-prone" x-ray may facilitate decision making as to the flexibility of the various curves 
in the coronal plane. What is usually aoessed is the flexibility of the main lumbar curve from TlO 
or Tll down to lA and then the fractional curve below, which extends from L3 to the sacnun. The 
flexibility of that curve from L3 to the sacrum and the degree of degeneration of those segments are 
part of the decision-making process on whether or not to extend to the sacrum. 

MRI evaluation is helpful to determine the extent of disc degeneration at IA-LS and L5-S 1. The 
study also shows whether there is substantial central, lateral recess or foraminal stenosis at those 
segments. The parasagittal views are most helpful in assessing stenosis at IA-LS and LS-Sl fora
men. The MRI study is more helpful to evaluate the fractional curve from L4 to the sacrum than it is 
to evaluate the primary curve where extensive rotation makes visualization diffi.cult. Extra attention 
to the orientation of the deformity is necessary by adjusting the gantry and allowing for in plane or 
perpendicular to plane visualization of the segments. 373 
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CASE30-1 

A 63-year-old female with complaints of progressive scoliosis and kyphosis. She lost 4 to 
S inches of height over last 30 years. There was no leg pain but increased back pain. 

A 

B 

A,B: 4 years post-op. Substantial improvement in lumbar back pain (C). 

Patient 4 inches Taller Postop 
Double Major Curve In a 63-Year-Oid Female 

Preop Postop Preop Postop 
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CASE 30-1 (Conlin~ 
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CASE30-2 

A 66-year-old female with progre8Sive adult lumbar scoliosis and severe spinal stenosis at 
L2-L3 and Ll-IA with substantial spinal claudication symptoms and back pain. 

A,B: She underwent a Tll-sacrum. and pelvis posterior spinal fusion with segmental instru
mentation with a decompression at L2-lA. Pre- and post-op clinical photo and radiographs at 
5-year follow-up with significant improvement in outcome scores (C,D). 

PSF I PSSI Tll to Sacrum and Pelvis. 

Decompressions L2-L3, L3-L4 For Spinal Stenosis. 

Preop Postop Preop Postop 

A 

(Continued) 
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CASE 30-2 (Conlin-
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CASE30-3 

A SO-year-old female with progressive distal junctional degeneration and back pain. She had 
two surgeries: first a Harrington long fusion to lA and then a revision for a pseudarthrosis at 
the thoracolumbar junction. She presented with a T4 to IA fusion with a single Harrington 
compression rod around her thoracolumbar junction. A: She had a harvested left ilium from 
the first surgery and right ilium for the second surgery (see CT scan). B: She underwent a 
revision Til-sacrum and pelvis PSF/PSSI with a Smith-Peterson osteotomy at Ll-IA. A S2 
iliac screw was used in the left ilium due to altered anatomy from a prior iliac harvest. Pre
and post-op radiographs are shown. 

A 

Preop Postop Preop Postop 

B 
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Under the setting of primary surgery, plain radiography is usually sufficient for visualizing the 
sacrum and pelvis to rule out any congenital anomalies of the sacrum and pelvis such as a bifid 
sacrum (see Case 30-1). Under the setting of revision surgery, visualization may be difficult due 
to obscurities from fusion masses and/or from extensive prior iliac crest harvest for bone graft (see 
Cases 30-2 and 30-3). It is helpful to have a MRI or CT scan study of the pelvis to delineate the 
anatomy and to demonstrate the extent of prior iliac harvesting to see whether iliac fixation is fea
sible on one or both sides. 

TECHNIQUE 

We currently utilize two methods for sacropelvic fixation: iliac screw fixation and S2 iliac screw 
fixation. With both techniques, we position the patient prone for posterior sacropelvic fixation. To 
maximize lordosis, use a frame in which the chest, ilium, and thighs are supported, but the thighs 
are in a relatively extended position. Keep the pads off the anterior superior iliac spine to avoid lat
eral femoral cutaneous nerve irritation, and flex the knees and feet to take tension off of peripheral 
nerves. If a long fusion to the sacrum is being performed, then do a wide draping of the patient to 
accomplish some assessment of spinal balance after the fusion and fixation are completed. So drape 
out the shoulders as well as the trunk and pelvis. 

Surgical Approach for Sacropelvic Fixation with Iliac Screws 

A midline skin incision is made to expose the spine from the midline. In particular at L5-S 1, we 
expose out to the tips of the L5 transverse processes, out to the tips of the sacral ala, and then out to 
the ilium bilaterally. If we are planning to perform S2 iliac screw fixation, we usually do not need 
to expose out to the ilium 

In the process of exposing the sacrum, we perform more of an extraperiosteal rather than subperi
osteal approach to avoid falling into the dorsal sacral foramina, which tend to have substantial veins. 
The use of Cobb elevators and Hibbs retractors is helpful to lift muscles off of the inner aspect of 
the ilium on both sides. In particular, the distal aspect of the ilium should be exposed and, to some 
extent, the lateral aspect of the ilium as well to establish the direction of the iliac screws. 

Self-retaining retractors such as Adson-Beckman and deep Gelpi retractors are helpful but have to 
be placed just proximal to the ilium. Exposing out to the ilium on both sides facilitates the exposure 
of the sacral ala and the L5-S 1 facets and makes accurate placement of S 1 bicortical screws easier. 

The placement of the bicortical S 1 screw is as follows. Identify the confluence between the ala 
and the lateral facet of Sl. Use a burr to find the starting point. Next, use a gear shift to find the 
way to the anterior cortex of the sacrum. Then check with a ball-tipped probe to be sure that there 
is still an anterior cortex. Mark the gear shift 5 nun longer, and then, using a mallet, gently tap the 
gear shift to perforate the anterior cortex of the sacrum. Verify the perforation carefully, and place a 
bicortical screw. Most commonly, the length of this bicortical screw is 45 nun. The diameter of the 
sacral screw (if it is going to be protected with an iliac screw) is usually satisfactory at 6.5 mm. It 
is important to angle in enough lordosis to hit the sacral promontory rather than the sacral endplate 
if the plan is to place cages or femoral rings in the L5-S 1 disc space. Also, it is important to angle 
medially. If the ilium is in the way or there is insufficient lateral exposure, there is a tendency to not 
angle the sacral screw medially enough. If the S1 screw comes out laterally rather than medially, 
there is potential to irritate the L5 root as it is passing underneath the ala. 

The entry point for the iliac screw is the very distal ilium. Use a Leksell rongeur or a burr to find 
cancellous bone. Use a gear shift, and very carefully, develop the interval between the inner and 
outer cortex. If this interval does not come easily, then check the direction under fluoroscopy, or 
accomplish a more lateral exposure of the ilium. Then check with a sounder to be sure the dissection 
is entirely within bone. Once it is verified that there is a bottom of 60 to 70 nun in length, then place 
a K-wire, and tap over this K-wire about halfway. Then place the ultimate iliac screw. It is ideal to 
accomplish an iliac screw of 60 or 70 nun in length. After placing the iliac screw, try to bury it so 
that it is not dorsally prominent. Take a lateral connecting rod, cut it somewhat short, and place it in 
the iliac screw. Connecting the iliac screw to the sacral screw usually involves bending quite a bit 
of lordosis into the rod. Start off bending as much lordosis as possible with the French bender, but 
often, this is not enough lordosis. Then, rotate the rod a full 180 degrees, take the kyphosing in situ 
benders, and use them to bend the extra amount of lordosis into the rods. It is often not feasible to 
bend enough lordosis with the lordosing benders because they bump into each other. Fasten down, 
but do not tighten the set screws on the connecting rod and the iliac screw until the rod is engaged 
into both these fixation points and the sacral screw. Use a sacral screw that is top opening. The most 
common diameter iliac screw to use is 7.5 mm. See Figures 30-1 to 30-9, step-by-step sacroiliac 
fixation. 
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FISURE 30·1 
The iliac starting point. 

FIGURE 30-2 

Finding the iliac Interval. 

FISURE 30·3 
Measuring screw length. 
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FIGURE 30·4 
Tapping the track over a K-wire. 

FIGURE 30·5 
The iliac screw placed. 

FIGURE 30·6 
The lateral connecting rod. 
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FIGURE 30·7 
Lining up the screws. 

FIGURE 30·8 
Need a lot of lordosis from the S1 
screw to the iliac screw. 

FIGURE 30·9 
The construct. 
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Consider using this technique for paralytic/neuromuscular scoliosis in teenage patients and young 
adults. Here, also use bilateral S 1 and iliac screws. In the teenage paralytic group, more commonly, 
use an iliac screw that is 6.5 mm in diameter and 60 mm in length because the ilium is generally 
smaller in such patients than it is in an ambulatory adult patient. 

Surgical Approach for S2 Iliac Fixation 

It is the senior author's preference that S2 iliac fixation be used more for revision settings or under 
conditions where the proximal aspect of the ilium is so distorted from prior iliac crest harvest that 
placement of an iliac screw is not possible (see Case 30-3). 

Exposure does not need to be quite as extensive laterally as in the exposure used for iliac screw 
fixation. However, the S2 dorsal foramen should be exposed to allow of visualization of the fora
men as well as a moderate lateral dissection, which allows for palpation of the distal border of the 
ilium since this will guide how far of a caudal trajectory we can have with screw placement. Once 
exposure is achieved in the manner described above, the starting point is exposed using the 5-mm 
acorn-tipped burr. The bony lamina between the S 1 and S2 foramen is exposed, and the starting 
point is found in line with the S 1 pedicle screw, usually 2 to 4 mm lateral and 4 to 8 mm distal to 
the S 1 dorsal sacral foramen (5). Once the starting point is found and cancellous bone is seen, a gear 
shift is used with a trajectory of 40 degrees in the horizontal plane and 20 to 30 degrees caudal until 
the feel of the cancellous bone stops and cortical bone is encountered. At this point, you should be 
25 to 35 mm deep, and the feel of cortical bone is an indication that you are at the sacroiliac joint. 
The gear shift is taken out, and a ball-tipped probe is used to confirm you are in bone. Then, the 
gear shift is replaced and continued in the same trajectory, or if the bone is particularly hard, the use 
of a mallet may be helpful for piercing the sacroiliac joint. Once the sacroiliac joint is pierced, the 
gear shift is removed, and a ball-tipped probe is used again to ensure you are in bone and to palpate 
the bony floor another time. Once confirmed, the gear shift is replaced and pushed along the same 
trajectory to a depth of 70 to 80 mm. If there is resistance during the placement of the gear shift, 
there is a low threshold for confirming its placement with a C-arm on a teardrop view. Once this 
depth is reached, the ball-tipped probe is used one more time to confirm you are within bone, and 
once a bony floor is also felt, a long K-wire is used and placed down the hole. The cannulated tap is 
used to a depth of approximately 40 mm so that a few threads also engage the ilium, and then, the 
ultimate screw is placed. Use of the S2 iliac screw obviates the use of a cross connector although 
the rod must still be contoured. 

PEARLS AND PITFALLS 

If the ilium has been harvested before, then it will be more difficult to place an iliac screw, but not 
necessarily impossible (3,5). Often, the very distal ilium will be preserved. At times, it may not 
be possible to accomplish a 60- to 70-mm screw, and a 5Q..mm screw on one side may have to be 
accepted. If this is not possible, an S2 iliac screw can be used with good fixation. 

Placing a crosslink distally between the S 1 and iliac fixation points may protect a somewhat 
weaker iliac screw on one side. Also, accomplishing anterior column support at L5-S 1 with the use 
of either a trapezoidal mesh cage or a trapezoidal fresh-frozen femoral ring will also protect 
the S 1 screws somewhat. However, most literature to date has suggested that iliac screws protect 
the sacral screws more than anterior column support at L5-Sl (2). Also, at least one study sug
gests that additional sacral fixation points (7) are not quite as beneficial at protecting the S 1 screws 
as are iliac screws (6). 

When placing the iliac screws, it is important not to perforate the iliac cortex. A very small perfo
ration may be acceptable, but it is unacceptable to have more than a thread or two of the iliac screw 
outside of the iliac cortex distally because of the proximity of other crucial structures. So strive to 
keep the iliac screws entirely within bone distally. The most common angle of the iliac screw is 
approximately 20 degrees from medial to lateral and 15 degrees cranial to caudal. But this varies 
quite a bit from patient to patient and should be individualized according to the angle of that par
ticular patient's ilium. For those patients with high pelvic tilt, the screw trajectory should be more 
vertical vice versa for patients with low pelvic tilt. 

POSTOPERATIVE MANAGEMENT 

If you can accomplish two bicortical sacral and iliac screws of 60 mm or longer, stand the patient 
the day after surgery and have them at least walk: in place. We have a fairly extensive experience of 
doing this without putting patients in braces with thighs incorporated. If the iliac fixation is reduced 
on one side because of previous iliac harvesting, then it may be advisable to put the patient in a brace 
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with one thigh incorporated for a period of time. In that circumstance, it becomes more important 
to provide adequate anterior structural support at LS-s 1. If iliac fixation on one side is not possible, 
then an alternative is iliac fixation on the opposite side but then on the ipsilateral side to previous 
iliac graft harvesting to place one or two hooks into the dorsal sacral foramen. 

One of the problems with long fusions in the adult population is the tendency for the distal fixa
tion points to loosen and for one or two of the most distal motion segments to kyphose. If this hap
pens, it often recreates a sagittal imbalance problem for the patient. We have seen this commonly 
with long fusions to L5 and to the sacrum without iliac protection. But in the patients that have had 
fusion to the sacrum with iliac protection, we do not see gradual kyphosing of the distal segments 
and therein seem to be able to prevent and even salvage previous sagittal imbalance problems that 
have occurred with previous fixations to L5 or S 1 without protection of the sacral screws. 

How quickly the patient's activity should be advanced, postoperatively, is something that has 
to be individualized. There is a potential difference between mobilizing a patient with a 2- or 
3-segment fusion to the sacrum versus a 13- to 15-segment fusion to the sacrum. In most cases, a 
primary patient will rehabilitate and mobilize quicker than a revision patient. 

But some basic guidelines are the following. Try to have the patient stand and walk the day after 
surgery. On discharge, the patient should be able to ambulate with a walker and have some experi
ence walking up and down stairs. Suggest lots of walking for the first 4 months post-op. Discourage 
running, jumping, and bending over. Encourage the patient to keep the spine vertical, extended, and 
lordotic. Tell the patient to avoid putting the spine in a flexed or more horizontal position. Teach the 
patient to bend at the knees to pick things up, rather than bending at the waist. 

Advance the activities of an older adult patient slower than a young adult patient and, obviously, 
a young adult patient slower than a teenage patient. Remind the patients that a definitive statement 
about a "solid fusion" with a multilevel fusion to the sacrum is often not possible until the patient 
is 5 years post-op. 

Most of the biologic process of fusion will occur in the first year after surgery. So, most of the 
protection of the spinal arthrodesis should occur in that first year. Mter the first year, suggest liberal
izing the patient's activity. Most patients, who have long fusions to the sacrum, starting at T3 or T4, 
will not go back to activities such as highly competitive sports and running and jumping. However, 
it is quite possible that they will be able to go back to sports such as bicycling, tennis or golf, or, in 
some circumstances, light jogging as well. 

Also discourage the use of nonsteroidal inflammatory medicines for at least the first few months 
postoperatively. Many patients having a long fusion to the sacrum will have arthritis of other joints. 
It is known that nonsteroidal anti-inflammatory drugs (NSAIDs) block the inflammatory phase of 
the spine fusion. We do not really know how long the inflammatory phase of the spine fusion takes 
in a human. So there is no definitive answer for whether patients should be off their NSAIDs for 
4 months or 6 months or 1 year after surgery. But it is advisable to, at least, have the patients off of 
those medicines for the first 4 months after surgery. 

COMPLICATIONS 

To date, we have not seen a substantial problem with sacroiliac joint pain and arthritis. There have 
been some minor issues with posterior prominence of those iliac screws. 

These iliac screws all loosen with time as motion continues to occur through the sacroiliac joint. 
So ultimately, all these iliac screws will develop a halo. We have found it is not common that this is 
symptomatic. However, if it does become symptomatic for the patient, then the iliac screws can be 
removed. However, we would not encourage doing this unless there is unquestionably a solid fusion 
at L5-8 1 and that the patient has good enough bone quality that stress fracture through the proximal 
sacrum is not likely to occur. 

To date, we have not had any substantial injuries to nerves, vessels, or viscera around the ilium 
or the sacrum with this technique. Often, when we do our secondary anterior exposure of LS-81, 
we will see the tips of the sacral screws out the anterior sacrum. But this has not posed any problem 
to date. 

The advantages of this technique over the Galveston technique (1) include the following. Placing 
a threaded screw into the ilium is somewhat more precise and provides a more interdigitated con
nection with the ilium. Extensive three-plane bending of the rod is not required. The iliac fixation is 
somewhat protected by the sacral fixation and vice versa. 

RESULTS 

With this technique to date, we have not yet seen failure of the sacral screws (6). We do have a 
few cases of nonunion at L5-s 1, and what has happened here is that the rods have broken at that 
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segment. But in terms of loosening, pullout, or fracture of the sacral screws, we have not seen this 
in any circumstance where we have been able to accomplish bilateral bicortical S 1 screw fixation 
and bilateral iliac screw fixation where the iliac screws have been at least 60 mm in length. Also, 
we have not seen problems with fracture through the proximal sacrum or sacral fixation points as 
have been described (3) in older patients having long circumferential fusions to the sacrum in which 
there is not protection of the sacral screws with iliac screws. We have used sacropelvic fixation of 
this nature to salvage fractures through the sacrum. In those cases, we have not only used sacroiliac 
fixation but also a fibular strut graft of a dowel nature across the sacral fracture (4,8). 
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P 
rimary spinal cord tumors (SCTs) or neoplasms represent approximately 2% to 4.5% of all 
central nervous system (CNS) neoplasms (4,10). They are significantly less common, 10 
to IS tiincB fewer, than primary intracranial tumors (10). Tbe&e SCfs are classified or cat
egorized based on their anatomical location such as extradural, intradural extramedullary, 
or intradural intramedullary (10,42). Other clinical features and factors that are significant 

in their diagnosis include clinical presentation, age, genetic di.&orders, and gender of the patient (2). 
The focus of this chapter is the diagnosis and management of primary intradural SCTs. In gen

eral, intradural iDtnu:nedu1lary tumors are more common in children, and intradural extramedullary 
tumors are more common in adults ( 42). In adults, these are compressive rather than invasive and pri
marily treated surgically. Postoperative outcome depends on preoperative neurologic status, histol
ogy, grade, and location of the tumor (10). Patients typically present with a pain syndrome with either 
localized back pain ex radicular pain, and then symptoms will eventually progresa to myelopathy if 
not treated (2). The clinical presentation and imaging studies are important in the diagnosis since 
there is a large differential diagnosis of other abno.rmalities that may present with similar features (2). 

INTRADURAL EXTRAMEDULlARY 

Intradural extramedullary tumors represent about 80% of adultSCfs and approximately 65% of SCfs 
in children (2,22). They can be further classified by histology or cell-type origin. Examples include 
IIKmingiOIIl.U that arise from arachnoid cap cells of the leptmneninges or benign peripheral nerve 
sheath tumors (PNSTs) such as schwannomas and neurofibromas that arise from the cells covering 
the nerve roots (42). Other less common tumors include paragangliomas, hamartomas, metastases. 
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FIGURE 31·1 
Intradural extra
medullary thoracic 
meningioma (T1W 
gadolinium-enhanced 
MRI). A: Saggital. 
B: Axial. 
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periphetal nerve sheath myxomas, lipomas, saroomas, and vascular tumors (10,42). About SO% of 
intradural extramedullary tumors and 77% ofPNSTs have extradural extension (32). Meningiomas, 
hamartomas, and sareomas are other intradural extramedullary tumors that are not limited by the 
dura. About 10% to 15% of meningiomas occupy both intra- and extradural space (22.42). 

Spinal meningiomas are characteristically benign (WHO grade 1) tumors located in the thoracic 
spine of middle-aged women (2,46,49). Most lesions are solitary and located lateral to the spinal 
cord. Clinically, these lesions present with local or radicular pain and motor dysfunction greater than 
long tract or radicular sensory disturbances or sphincter deficits (10,22,43). 

About 25% of intradural extramedullary tumors are PNSTs (42). However, these tumors are rarely 
simply intradural or extramedullary in location. About 10% to 15% are dumbbell shaped with exten
sion beyond the dura into the vertebral foramen (28). These tumors are usually located at the anterior 
lateral aspect of the cord. While most inlradural PNSTs are benign, about 2.5% are malignant with 
about half of those cases occurring in patients with neurofibromatosis type 1 (NF-1) (10.42) (Fig. 31-1 ). 

Neurofibromas may be classified as solitary, multiple, or plexiform with a network of neurofibroma 
tisme bundles extending over nerve roots often involving multiple branches and plexi (10). These 
tumors contain Schwann cells, collagen, and reticulin fibers and encase rather than displace nerve 
roots (2). While most neurofibromas are benign (WHO grade 1), malignant forms usually arise from 
solitary or plexiform neurofibromas, and irradiation has been implicated in malignant transforma
tion of neurofibromas (2,16,17,25). Approximately 90% of spinal cord neurofibromas are solitary 
tumors; however, multiple neurofibromas, as well as multiple schwannomas and meningiomas, may 
be found in patients with neurofibromatosis type two (NF-2) (2,4,17,47). Clinically, neurofibromas 
present often with pain and sensory dysesthesias (10). 

Schwannomas, the most common spinal nerve tumor, usually arise from the dorsal (sensory) 
nerve root compared with neurofibromas, which usually arise from the ventral (motor) root (10,42). 
These tumors are typically benign (WHO grade 1), solitary, slowly growing PNSTs (2). When 
associated with NF-2, there may be multiple tumors, and they may precede the development of ves
tibular tumor and may also have a higher risk of malignant transformation (2, 19). These are usually 
found incidentally secondary to their mquent involvement of nonfunctional nerve roots with one 
study showing just 23% with postoperative motor or sensory deficits (31). When symptomatic, a 
schwannoma may present with shooting pain or paresthesias associated with contact and rarely pres
ent with pain (10). These tumors grow along the nerve unlike neurofibromas which tend to infiltrate 
the neural elements. Surgically, this is important since schwannomas typically can be dissected off 
the nerve, thus preserving function, as opposed to the neurofibromas, in whose case complete resec
tion often results in loss of function. 
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INTRADURAL INTRAMEDULLARY 

Intradural intramedullary spinal tumors are the rarest spinal tumors and account for just 5% to 
10% of CNS tumors, 20% of all SCTs in adults, and about 30% of all SCfs in children (2,22,42). 
Intramedullary spinal tumors may be of glial origin, such as ependymomas and astrocytomas, or of 
nonglial origin, such as hemangioblastomas, cavernomas, metastases, or lymphomas (2). In adults, 
approximately 60% to 70% are ependymomas and 30% to 40% are astrocytomas (10,24). 

Patients typically present with back pain localized to the spine (24). Patients with glial SCTs typi
cally have pain that is worse at night or upon awakening. This is believed to be secondary to tumor
induced disturbances in venous outflow in the valveless spinal canal venous system, referred to as 
the Batson plexus, causing venous engorgement in the supine position (24). Intramedullary tumors 
may present with "central cord syndrome" features of disassociation between pain/temperature sen
sation and proprioception as well as symmetric motor neuron dysfunction and myelopathy (10,47). 

Spinal ependymomas can present throughout a patient's life but are more common in middle
aged adults. This is compared to spinal astrocytomas, which are more commonly found in children 
(10,47). These spinal tumors account for about 35% of all CNS tumors in adults and about 60% 
of all intramedullary tumors (2). Unlike meningiomas, which are more common in women, these 
tumors exhibit a gender preference for men (39,42). 

Approximately 65% of patients with ependymomas have intraspinal syrinxes (47). Forty percent 
of intradural ependymomas are of the subclassification of myxopapillary. These tumors are believed 
to arise from the filum terminale and occur at the conus medullaris or in the filum terminale (10,42). 
Ependymomas usually present with sensory disturbances, particularly dysesthesias initially, and 
progress to pain in a distribution related to tumor location. 

Spinal cord astrocytomas are the second most common spinal tumor type in adults with a prevalence 
in the first three decades of life and account for 80% of intramedullary tumors in children ( 42,47). Most 
pediatric cases are benign, while malignant astrocytomas and glioblastomas account for about 10% of 
intramedullary spinal cord astrocytomas in children (43). In adults, the malignant fibrillary astrocyto
mas are more common but may have pilocytic features (42,44). Low-grade, WHO grade 1 to 2, fibril
lary astrocytomas typically have excellent surgical outcomes. However, higher-grade spinal tumors 
are associated with a poor outcome secondary to high incidence of dissemination via spinal fluid and 
rapidly progressive course (11,45). Radiographically, these tumors' radiographic features usually illus
trate a fusiform expansion of the spinal cord. As with most spinal intramedullary cord tumors, weak
ness usually follows pain and sensory symptoms (22). Sensory symptoms tend to be paresthesias rather 
than dysesthetic pain (burning pain) as with ependymomas (24). Prior to diagnosis, symptom onset 
may occur over years in cases of low-grade astrocytomas or over months for high-grade gliomas (24). 

Hemangioblastomas are the third most common intramedullary SCT. While most lesions are spo
radic, about one-quarter of patients will have von Hippel-Lindau (VIll.) syndrome, which accounts 
for about one-third of patients with Vlll.. (13,24,42). These tumors tend to be engorged with blood 
vessels and are commonly embolized prior to surgical resection. Their location is often dorsal with 
subsequent predominance of sensory symptoms such as proprioception deficits (10,15,53). 

INDICATIONS AND CONTRAINDICATIONS 

The patient's neurologic function at presentation has been shown to be among the greatest factors 
affecting outcome. Thus, surgical goals should be preservation of neurologic function through resec
tion or diagnosis through biopsy rather than restoration of neurologic function (8, 10,42,4 7). In gen
eral, early and aggressive surgical treatment is indicated for patients with symptoms of weakness, 
sensory deficits, and/or pain (23). If symptoms are not significant and have no neurologic deficit, 
patients may be followed with serial imaging. However, simple observation does risk spontaneous 
hemorrhage. Progression of size, cysts, or syringomyelia over serial imaging should be evaluated for 
surgical intervention given the likelihood of future neurologic function loss. 

Schwannomas and meningiomas should be surgically resected when they become symptomatic or 
serial images show a progress in their size (10). Stereotactic radiosurgery has arisen as a potential treat
ment for patient with subtotal resection or patient with multiple medical conditions prohibiting surgical 
options (19). The plexiform neurofibroma may be considered a malignant peripheral nerve sheath tumor, 
and postoperative radiotherapy and, possibly, chemotherapy are often used in their treatment (10). 

Surgical outcome of the resection of intramedullary tumors has been improved through advanced 
operative techniques and the use of intraoperative monitoring. Spinal ependymomas and hemangioblas
tomas usually have well-defined margins, which can afford for gross total resection. while spinal astro
cytomas tend to be infiltrative and full resection should not be expected or, in some cases, attempted (10). 

Intraoperative open biopsy may be useful to either encourage the surgeon to avoid aggressive 
resection if a malignant tumor is identified or continue searching for the spinal cord/tumor interface 
in cases of ependymoma (47). 
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FIGURE 31·2 
Intradural extramedul
lary meningioma with 
posterior and lateral 
displacement of the 
spinal cord at T11-T12. 
A,C: T2W MRI. 
B: T1W gadolinium-
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PREOPERATIVE PREPARATION 

Magnetic resonance imaging (MRI) is the preferred diagnostic modality for patients with SCI's 
since it is noninvasive and gives excellent anatomic detail of the spinal canal and spinal cord (42). 
An MRI with gadolinium (contrast agent) with sagittal and axial Tl- and 1'2-weighted sequences is 
an essential element for preoperative planning (2). The contrast agent aids in distinguishing cysts or 
syrinx from neoplasms and can aid in distinguishing the neoplasm's margins (2). When an MRI may 
have limited visualization due to metallic hardware artifacts, CT myelography is the next modality 
of choice. Myelography may show fusiform coni widening and syrinxes and identify tumors causing 
incomplete or complete block. 

A digital subtraction angiography may provide relevant information about the relationship of feed
ing and draining vessels and may guide presurgical planning for interventioru1 such as embolization 
(2,6,34,51). Angiograms are most helpful with vecy vascular tumors such as hemangioblastomas 
(Figs. 31-2 to 31-4). 
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FIGURE 31·3 
Intradural extramedul
lary PNST, schwan
noma. with extension 
into a widened left C56 
neural foramen (T1W 
gado I in i u m-en hanced 
MRI). A: Saggital. 
B: Axial. 

FIGURE 31·4 
Intradural intramedul
lary ependymoma with 
a syrinx: A,C: T1W 
MRI, B: T2W MRI, and 
D: T1W gadolinium
enhanced MRI. 
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FIGURE 31·4 
(Continusd) c D 

FIGURE 31·5 
Preoperative setup. 

GENERAL APPROACH 

A thorough and comprehensive review of preoperative imaging is necessary to plan the surgical 
approach for these spinal tumors. The ideal approach should have a surgical corridor that com
pletely exposes the tumor while minimizing disruption of swrounding normal neurovascular anat
omy (23,35,52,54,55). In general, intramedullary tumors and extramedullary tumors located dorsal 
to the spinal cord are approached via a midline posterior corridor with the patient in a prone position 
(3,30,50). Extramedullary tumors located ventral or lateral to the spinal cord are approached via a 
posterolateral or lateral corridor. Often, these tumors COIDpWJS the spinal cord eccentrically to one 
side. Therefore, a window of exposure can often be afforded through which internal decompression 
and debulking can be performed with bipolar cauterization and suction or ultrasonic aspiration. 
The portions of the tumor that were not initially accessible can then be delivered and rolled away 
from the neural elements for further resection. However, a clear plane of dissection between tumor 
and spinal cord .must be developed prior to performing such maneuvers. Rarely, ventral tumors or 
ventrolateral tumors can be approached via an anterior corridor (7,9,20.21,29,37,41,48). 

In our practice, we routinely use intraoperative neurophysiologic monitoring including somato
sensory evoked potentials (SSEPs), motor evobd potentials (MBPs), and corticospinal MBPs 
(D wave) (18,26,33,38). As part of this protocol, the intraoperative blood pressure is monitored with 
a radial arterial line, and mean arterial pressures (MAPs) are maintained greater than 85mm Hg 
throughout the procedure after induction of anesthesia (Fig. 31-5). 

TECHNIQUES: INTRADURAL EXTRAMEDULLARY 

These tumors are comprised primarily of meningiomas and PNSTs that can be addressed via a 
posterior approach as described above for intramedullary tumors. For cervical and cervicotho
racic pathology, the patients are positioned prone on chest rolls with a Mayfield head holder 
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(OMI Inc.; Cincinnati, OH). For thoracic and lumbar pathology, we prefer the prone position on a 
Jackson table (Mizuho OSI; Union City, CA). The exact spinal level of pathology is confirmed by 
fluoroscopy for midthoracic tw:no.rs or a lateral cross-table x-ray for other levels. 

A laminectomy is performed over the spinal neoplasm exposing the dura mater, and hemostasis is 
achieved. If the tumor ill located ventral or lateral to the spinal cord, a posterolateral approach may 
be chosen. This may include facetectomy in the cervical spine or a transpedicular approach or cos
totransversectomy in the thoracic spine. The durotomy is routinely made in the midline. However, 
some meningiomas or intradural schwannomas may compress the spinal cord eccenttically, and in 
these cases, it may be more prudent to open the dura along a paramedian tract on the side where the 
tumor is located. The dura is retracted with 4-0 Nurolon suture, which can be secured with hemo
stats or tacked to the fascia. The arachnoid can be opened with microscissors. 

With meningiomas, an arachnoid cleavage plane can be found between tumor and spinal cord 
and should be developed to the surgeon's advantage. The dentate ligaments may tether the spinal 
cord and can be sectioned to assist with lateral exposure. The tumor with significant mass effect 
should be internally debulked and folded in upon itself. This allows the surgeon to minimize retrac
tion on the spinal cord. A plane often can be developed between the tumor and normal dura. If 
it cannot be developed, the involved dura should be coagulated with bipolar cautery or resected 
completely. 

Schwannomaa typically involve the dorsal seiillory root. They may reach a large size in which the 
spinal cord is compressed to the contralateral side. An arachnoid plane can be developed between 
the spinal cord and tumor similar to meningiomas. The nerve rootlets entering and exiting the tumor 
can be tested for motor involvement with neurophysiologic monitoring prior to sectioning. The 
nerve root is cauterized with the bipolar and cut halfway. It is cauterized again and cut with micro
scissors. Dumbbell extension of tumors involves the root sleeve and may require resection of the 
entile spinal nerve (42) (Fig. 31-6). 

TECHNIQUES: INTRADURAL INTRAMEDULLARY TUMORS 

Intramedullary tumors are routinely approached via a midline posterior incision with the patient in 
prone position (5,23). For midthoracic tumors, we localize the level of pathology by fluoroscopy 
prior to incision and again once the bony anatomy is exposed. Other thoracic. cervical, and lumbar 
tumors are localized with a lateral x-ray after the bony anatomy is exposed. For the majority of these 
tumors, a traditional midline laminectomy performed at the level of pathology as well as one spinal 
level above and below provides adequate exposure. 

The pars interarticularis is used to judge the lateral extent of the laminectomy. Troughs are cre
ated bilaterally with a high-speed drill and matchstick bit Spinous processes are carefully lifted 
upward and gently dissected off the thecal sac using a 2-0 Kerrlson rongeur (Medetz Surgical Instru
ments, Inc; Dallas, PA) and nerve hook. 

Prior to opening the dura, an intraoperative Doppler ultrasound is utilized to confirm that both 
the cranial and caudal apices of the tumor are visualized. The craniocaudal extent of the laminec
tomy should be larger than the durotomy, which should be larger than the tumor. The wound is irri
gated and inspected for hemostasis prior to proceeding with the intradural portion of the procedure. 

A 

FIGURE 31-6 

B 

A-E: Resection of an intradural extramedullary meningioma: A: Laminectomy, B: Dural tack ups. 
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FIGURE 31·6 (Continued) 
C: Exposure, D: Removing the tumor, and E: Postre-
section. E 

Bony bleeding can be stopped with bone wax, and epidural bleeding can be controlled with bipolar 
cautery and hemostatic matrix sealants. Cotton patties are placed on either side of the laminectomy 
defect to absorb any residual rundown and provide a surface for suctioning during the remainder of 
the surgery. 

Once dura is exposed, the durotomy can be performed under Ioupe magnification, or the operating 
microscope can be brought into the operative field. The durotomy is initiated with a no. 15 blade 
down the midline. The footplate of a Woodson dura elevator (Blacksmith Surgical, Ltd; Karachi, 
Pakistan) can then be placed just under the duralleaftets and advanced along with a no. 15 blade 
to extend the durotomy. An attempt should be made to leave the arachnoid intact until the dura is 
completely opened. The dura is tacked up by 4-0 Nurolon stitches (Ethicon, Inc.; San Angelo, TX), 
which can be secured using hemostats beyond the edge of the wound or sutured to fascia at the side 
of the wound. The arachnoid is divided with microscissors. 

The spinal cord is then inspected; it may be deformed or enlarged by the tumor, and occasionally, 
a portion of the tumor may crown at the subpial surface causing discoloration. The midline should 
be identified as this is generally the safest route to the tumor except in cases of eccentrically located 
lesions. Vessels along the pial surface should be ~erved and dissected carefully. In a midline 
approach, they may need to be retracted laterally to expose the dorsal median sulcUli. The plane 
between the posterior columns should be microdissected and the pia divided. The pia can then be 
tacked up using 6-0 sutures, which are then sutured laterally to the dura. 

A plane mWit then be developed between normal spinal cord and the tumor. This can be extremely 
difficult with astrocytomas and may alter the goals of surgery from total resection to subtotal resec
tion or open biopsy. It may be helpful to dissect above or below the apices of the tumor in order 
to find a clear cord-tumor interface, particularly if there is an apical syrinx or cyst The plane is 
developed using microdissectors in the craniocaudal direction and then carefully around the cir
cumference of the tumor. The tumor may be intemally debulk.ed using bipolar cautery and suction 
or ultrasonic aspiration. It can then be folded in upon itself to allow for further exposure around the 
periphery. Both frozen and permanent specimens should be sent to the pathology lab for diagnosis 
after the tumor is initially encountered. 
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Once resection is completed, we achieve hemostasis with hemostatic matrix sealants and cotton 
micropatties. The dura is closed using a running 4-0 Nurolon or 6-0 Gore-tex (Goretex) suture in a 
watertight fashion. A V alsalva maneuver is performed to confirm that no cerebrospinal fluid leaks 
are present. If a small leak is present, a simple suture using 4-0 Nurolon or 6-0 Gore-texis usually 
sufficient to buttress the closure. A small piece of muscle may be tacked down at the site of the leak 
as well. Finally, a thin layer of either fibrin or cyanoacrylate glue is applied along the suture line. 
The wound is irrigated, hemostasis is confirmed, and the wound is closed in the normal watertight 
fashion. 

PEARLS AND PITFALLS 

• Vertebral Artery Anatomy: Preoperative imaging should be studied extensively including the 
course of the vertebral artery in cervical cases. Any aberrancy in the course of the vertebral artery 
may make a routine procedure (i.e., facetectomy for dumbbell tumor) treacherous. 

• Use of Intraoperative Monitoring: We use continuous intraoperative monitoring in all intradural 
tumor cases, particularly in cases of myelopathy. 

• Craniocaudal Extent of Laminectomy: To facilitate opening and watertight closure of the dura, 
the laminectomy should be performed well beyond the planned durotomy. This prevents needing 
to extend the laminectomy while the dura is open and spinal cord exposed. 

• We continuously monitor MAP and recommend maintaining if greater than 85mm Hg through the 
procedure and induction of anesthesia. 

• Frozen specimens should be sent as soon as possible as they may alter the extent or aggressiveness 
of resection particularly with intramedullary tumors. 

POSTOPERATIVE MANAGEMENT 

Patients with well-maintained dural closures postoperatively are encouraged to ambulate in order 
to prevent postoperative vascular or respiratory complications such as deep vein thrombosis and 
pneumonia (47). Orthostatic hypotension may occur after spinal cord injury secondary to tumor 
growth. This is thought to be secondary to the disruption of sympathetic activity control (12,47). 
This is seen more often after the resection of cervical or high thoracic intramedullary lesions 
and is thought to be due to reduction of plasma adrenaline and noradrenaline levels (12). These 
situations may be managed with fluids and gradual mobilization. Steroid therapy may be utilized 
after resection of spinal tumors although these should be limited to a short duration such to avoid 
the complications. High cervical spine lesions have been reported to cause a posterior fossa syn
drome characterized by neuropsychological symptoms including akinetic mutism and behavioral 
changes, which are believed to respond to steroid therapy (36,47). Bacterial meningitis should 
not be discounted and should be evaluated with a spinal tap in patients with suspicious clinical 
findings (47). 

The most common postoperative complaint after resection of an intramedullary tumor is pos
terior column dysfunction and motor deficits beyond baseline, which tend to improve with time 
(14,42). This is usually secondary to midline myelotomy required for tumor access as well as trac
tion and manipulation of the posterior columns during surgery (24). This typically is manifested 
when the patients are ambulating such that they have difficulty navigating their feet due to a loss of 
proprioception. 

Surgical resection outcome depends on the neuraVtumor plane, and the tumor histology influ
ences the rate of recurrence. In general, the primary operation affords the highest likelihood of a 
gross total resection. Postoperative radiotherapy indications are controversial (10). Spinal tumors 
in general have a slow growth rate, and therefore, radiation surgery is not usually effective in deter
ring growth. In addition, there is the potential for neurologic injury due to the radiation. In some 
tumor types, due to their high rate of recurrence, external beam radiotherapy has been employed. 
For example, partially resected WHO grade 2 ependymomas, malignant WHO grade 3 ependy
momas, (10,27), and malignant schwannomas may be treated with postoperative radiotherapy 
(10). Studies have shown that patients with pilocytic astrocytomas respond better to postoperative 
radiotherapy only in cases with clinical or radiologic progression compared with the majority of 
patients with infiltrative astrocytomas who have been found not to respond well to postoperative 
radiotherapy (1,10). 

Chemotherapy for spinal tumors has limited clinical use, and the primary treatment method is 
surgical resection. However, chemotherapy has been utilized for unresectable ependymomas and 
hemangioblastomas (10,47). Thus, it is reserved for patients with ependymomas who have not been 
able to have surgery, for whom radiotherapy has already been administered, for those with progres
sive disease, or for those with high-grade histology (40). 
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Patients are followed with an early postoperative MRI and subsequent annual gadolinium
enhanced MRis to monitor for progression (47). This practice provides for the identification of 
tumor progression prior to clinical symptoms and will likely allow early intervention before neuro
logic deficits are present ( 42). Since the degree of progression or recurrences is based on histology, 
patient follow-up may be tailored accordingly. 

COMPLICATIONS/ADVERSE EVENTS 

As with any spinal surgery, the most concerning adverse event is neurologic loss. With surgical 
treatment of spinal tumors in general, the patients retain their degree of neurologic function. In 
other words, patients that are ambulating prior to surgical intervention will continue to ambulate. 
Unfortunately, though, patients can neurologically deteriorate with surgery due to manipulation of 
the neural elements. As noted previously with intramedullary tumors, a patient has an almost 100% 
chance of sensory alterations due to dividing the posterior columns during exposure of the tumor. 

Other adverse events include spinal fluid leak, pseudomeningocele, and wound dehiscence or 
infections. These events are particularly more common in patients who have had prior surgery or 
prior radiation therapy (47). Patients with wound dehiscence or infections typically require a revi
sion closure and possibly the assistance of plastic surgeons (47). In patients with persistent spinal 
leaks, this risk of nonhealing is decreased by a fascial closure that is watertight and without tension 
and consideration of the use of a lumbar drain ( 42). 

Facet or ligamentous disruption and loss of neuromuscular control may increase the risk for postop
erative kyphosis. This is particularly prevalent in patients with surgery over the cervical and cervico
thoracic junction. Other complications include bacterial and chemical meningitis, instability, chronic 
pain, and nerve dysfunctions such as bladder or bowel dysfunction and sexual dysfunction (24 ). 

RESULTS 

The majority of surgical series on spinal tumors indicate that the strongest predictor of postoperative 
neurologic functional outcome is preoperative functional ability (47). Significant improvements in 
neurologic deficits should not be expected since atrophy, scarring, and chronic cord compression 
are poor predictors of functional outcome ( 47). The anatomic location of the tumor also affects out
come (8,47). For example, patients with thoracic lesions are more likely to have postoperative func
tion decline secondary to the tenuous blood supply, and intradural tumors have a higher potential 
morbidity than extradural lesions (47). 

OUTCOMES: INTRADURAL EXTRAMEDULLARY 

Complications with resection of intradural extramedullary tumors are potentially less severe or 
common since there is limited manipulation of the spinal cord, nerve roots, or/and cauda equina. 
However, nerve root manipulation is usually well tolerated by the patient ( 42). Gross total resection 
of PNSTs (schwannoma and neurofibromas) is generally curative unless the tumor is extensive or 
associated with neurofibromatosis. On the contrary, malignant PNSTs carry an overall poor progno
sis with survival only about 1 year (42). 

The recurrence rate of spinal cord meningiomas is greater and has been reported to be 7% over 
6 years or more follow-up after complete resection (22). The histologic subtype, psammomatous 
meningioma, is associated with an even less favorable outcome (46). In addition, the extradural 
extension of meningiomas is also indicative of a greater likelihood to recur (42). Anterior or lateral 
tumor position, a location below C4, and good preoperative neurologic function have been found to 
be associated with a good outcome (46). 

OUTCOMES: INTRADURAL INTRAMEDULLARY 

In symptomatic patients with intramedullary SCTs, microsurgical removal is the optimal treat
ment since it can lead to complete elimination of the tumor and no need for further treatment (42). 
Recurrence is rare, and morbidity is, as in all intramedullary tumors, associated with preoperative 
condition, particularly with spinal ependymomas. However, spinal astrocytomas have a different 
prognosis since gross total resection is uncommon. Several series have suggested that age is the 
most significant prognostic factor with the best outcomes in those presenting at age less than 21 
(42). Spinal hemangioblastomas also have an excellent prognosis with surgical treatment, similar to 
ependymomas, and recurrence is rare. 
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Anterior thoracolumbar extensik 
approach) 

Choracoscopic disccc:tomy (see Anterior 
dl.oracoscopic discectomy) 

transo:ral 
complication, 7 
contraindication~~, 6 
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Anterior surgical approaches (Continued) 
indications, 6 
patient positioning, 6 
postoperative management, 7 
preoperative preparation, 6 
soft tissue flaps retraction, 6 
transoral retractors, 6 
wound closure, 6-7 

Anterior thoracolumbar corpectomy and 
stabilization 

co~nplications,210-211 

contraindications,201 
en bloc corpectoiny, 212-213 
indications, 201 
preoperative preparation, 201-202, 

202f-204f 
results, 209 
rechn1que,202,204-205,206f-207~ 

208-209,208f-213f 
Anterior thoracolumbar extensile 

approach 
co~nplications, 176-177 
contraindications, 171 
indications, 171 
preoperative preparation 

beanbag stabilizer use, 172, 173f 
extreine lateral approach, 175-176, 

177f 
po~tioning,172, 172f 
surgical procedure, 172-175, 

173f-175f 
rechnique, 172 

Anterior thoracoscopic discectomy 
co~nplications,222 

contraindications,215 
indications, 215 
postoperative Inanage~nent, 222 
rechn1que,215-222,216f-222f 

Arthrodesis, laterallUinbar interbody 
fusion, 372 

AstrocytoinaS, 387 

B 
Back pain, sacropelvic fixation, 374 
Beanbag stabilizer use, 172, 173f 
Biplanar fluoroscopy, 79 
Bleeding 

bony,392 
C1-C2 posterior screw-rod fixation, 153 

Blunt dissection, 79, 96f 
Bone graft 

C1-C2 posterior screw-rod fixation, 
151, 152f 

co10pression device, 209f 
place~nent, 208f 

Bone Inorphogenic protein 2 (BMP2), 
posterior spinal fixation, 239 

Bony bleeding, 392 
Burst fracture, 202f-204f, 240f 

c 
Cage, titanium, 101f 
Caspar retractor, 79, 80f, 98 

C1--C2 posterior screw-rod fixation 
advantages and disadvantages, 153, 

154t 
atlantoaxial co~nplex, internal fixation 

Inethods, 143, 144 
COinplications 

bleeding, 153 
ICA injury, 153 
infection, 153 
paresthesia, 153 
pseudoarthrosis, 153 
vertebral artery injury, 153 

contraindications, 143 
fractures, 143 
fu~on rates, 153 
Uulications, 143, 145f 
postoperative manage~nent, 152-153 
preoperative preparation 

anesthesia and Inonitoring, 144 
bone grafting and decortication, 

151, 152f 
C1 screw fixation, 147-149, 

147f-150f 
C2 screw fixation, 150-151 
C2 screw fixation, pedicle, 149-150, 

150f, 151f 
C2 translaininar screw fixation, 151 
closure, 152 
iinaging, 144 
po~tioning, 144, 146f 
prepping and draping, 145 
screw place~nent, osteoporotic 

patients, 152 
surgical exposure, 146-147, 147f 
unicortical vs. bicortical screw, 152 

surgical stabilization, 143 
Center sacral vertical line (CSVL), 250 
Cervicallaininoplasty 

COinplications 
hinge fractu.re/displace~nent, 

127-128, 128f 
laininar closure, restenosis, 127, 127f 
Inotor root palsy, 128 
neck pain, 125-126 
postoperative kyphosis and loss of 

~notion, 126-127 
wound infections, 125 

contraindications, 119-120 
cost, 125 
indications, 119, 120f 
postoperative manage~nent, 125 
preoperative preparation 

preoperative workup, 120-122, 
122f, 123f 

roo10 setup/patient po~tioning, 
122-123, 123f 

special instrUinents/equip~nent/ 
iinplants, 123-124 

technique, 124-125,124f 
types, 120, 121f 

Cervical nricrodiscectoiny/foraininotoiny. 
See Posterior cervical 
Inicrodiscectoinylforaininotoiny 

Cervical ~nyelopathy treatment, 
laininoplasty, 119 

Cervical osteotomy 
anesthetic considerations, 67 
indications/contraindications, 65 
postoperative ~nanage~nent, 72 
preoperative preparation 

Index 

patient evaluation, 66 
radiographic evaluation, 66, 66f 

Cervical spine 
anterior approaches (see also Anterior 

cervicothoracic approach) 
carotid pulse palpation, 2, 4f 
COinplications, 4-6 
contraindications, 1 
indications, 1 
patient po~tioning, 2 
platySina, 2 
postoperative manage~nent, 4 
preoperative preparation, 2 
self-retaining retractors, 4 
Sinith-Robinson anterior approach, 

2,3f 
stemocleidoinaStoid, 2, 3f 
transverse inci~on. 2 

anterior cervical discecto~ny and fusion 
anesthesia, 22 
carotid sheath retraction, 26, 27f 
COinplications, 34 
contraindications, 21 
graft size, 27, 30 
iliac crest autograft, 30, 32f 
indications, 21 
lordotic-shaped graft, 30, 32f 
patient positioning, 23, 23f 
platySina Inuscle, 24, 25f 
postoperative manage~nent, 33 
preoperative planning, 21-22, 22f 
prevertebral fascia, 26 
proxiinal and distal screws 

angulation, 30, 33f 
radiographs, 30 
rectangular annulotoiny, 26, 28f 
spindle needle place1nent, 26, 28f 
stemocleidoinaStoid (SCM) muscles, 

23--25 
superficial cervical fascia dissection, 

25,26f 
trachea and esophagus retraction, 26 
tricortical iliac crest bone graft, 30, 31f 

anterior odontoid fixation 
approach, 79, 80f 
bio~nechanical testing, 84 
COinplications, 88 
contraindications, 75, 77, 76f 
disclosures, 88 
exainination and evaluation/ 

pathology, 77 
indications, 75, 76f 
nondisplaced fractures, 86 
nonunion risk, 86 
pitfalls, 85-86, 85f, 86f 
po~tioning, 7s-79, 78f, 79f 
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postoperative management, 87 
preoperative radiographic evaluation, 

77-78 
rehabilitation, 87 
results, 88 
screw placement, 80-84, 80f-84f 

retropharyngeal approach 
complications, 11 
contraindications, 7-8 
digasnic muscle, 9, 11f 
hyoid bone palpation, 9, 10f 
hypoglossal nerve, 9, 14f 
indications, 7-8 
patientpoMtioning,9 
postoperative management, 9, 11 
preoperative preparation, 9 
retromandibular vein, 9, 12f 
submandibular gland retraction, 9 
transverse incision, 9 
wound closure, 9 

transora1 
complication, 7 
contraindications, 6 
indications, 6 
patient positioning, 6 
postoperative management, 7 
preoperative preparation, 6 
soft tissue flaps retraction, 6 
transoral retractors, 6 
wound closure, 6--7 

Cervical spine 
C1--C2 posterior screw-rod fixation 

advantages and disadvantages, 
153, 154t 

anesthesia and monitoring, 144 
atlantoaxial complex, internal fixation 

methods, 143, 144 
bone grafting and decortication, 

151, 152f 
C1 screw fixation, 147-149, 

147f-150f 
C2 pars screw fixation, 150-151 
C2 screw fixation, pedicle, 149-150, 

150f, 151f 
C2 translaminar screw fixation, 151 
closure, 152 
complications, 153 
contraindications, 143 
fractures, 143 
fusion rates, 153 
imaging, 144 
indications, 143, 145f 
positioning, 144, 146f 
postoperative management, 152--153 
prepping and draping, 145 
screw placement, osteoporotic 

patients, 152 
surgical exposure, 146--147, 147f 
surgical stabilization, 143 
unicortical vs. bicortical screw, 152 

cervicallaminoplasty 
complications, 125--128, 127f, 128f 
contraindications, 119-120 

cost, 125 
indications, 119, 120f 
postoperative management, 125 
preoperative workup, 120--122, 

122f, 123f 
room setup/patient positioning, 

122--123, 123f 
special instruments/equipment/ 

implants, 123-124 
technique, 124--125, 124f 
types, 120, 121f 

laminectomy 
anestheMa, 133 
closure, 138 
contraindications, 132 
decompresMon, 134, 135f-136f 
delayed complications, 140 
exposure, 134 
fusion, 134, 136--138, 137f 
fusion bed preparation, 138 
indications, 131-132, 132f, 132t 
neurologic results, 140 
operative complications, 139 
pitfalls, 138--139 
positioning, 133-134, 134f 
postoperative management, 139 

occipitocervical fusion 
complications, 165-167, 167f-169f 
craniocervical dissociation, 162 
CT, 162 
fractures, 162 
indications, 157 
postoperative management, 164, 165f 
preoperative preparation, 158, 

159f-161f, 162 
results, 168, 169f 
surgical pearls, 164 
technique, 157-158, 157f, 162-164 
transverse alar ligament instability, 

162 
posterior cervical microdiscectomy/ 

foraminotomy 
complications, 116 
contraindications, 109 
indications, 109 
pitfalls, 115--116 
postoperative management, 116 
preoperative preparation, 110, 

llOf, 111f 
results, 116 
technique, 110--115, 111f-115f 

Cervical vertebrectomy and plating 
complications,61-62 
contraindications, 49 
decompresMonlvertebrectomy, 55-57 

anterior cervical plate fixation, 60 
autograft versus allograft, 60 
cages versus cement, 60 
closure, 60 
graft preparation, 57, 58f, 59f 
plating, 57' 59f, 60f 

dissection, 53-54, 53f, 54f 
graft harvest, 51 

incision, 51, 52f-53f 
indications, 49 
patient positioning, 50 
postoperative management, 61 
preoperative preparation 

graft choices, 50 
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history and phyMcal examination, 49 
patient education, 50 
radiology, 50 

retractor placement, 55 
room setup, 50, 51f 
traction, 50-51 

Cervicothoracic approach. See Anterior 
cervicothoracic approach 

Cervicothoracic junction, anterior 
approaches 

complications, 17 
contraindications, 12 
handheld retractors, 15, 18f 
indications, 12 
L-shaped incision, 14 
manubriumresection, 14-15 
patientpoMtioning, 13 
postoperative management, 17 
preoperative preparation, 12-13 
sternohyoid and sternothyroid 

muscles inserts, 14 
subperiosteal dissection, 14 
transverse incision, 13 

Clowardllarge Richardson retractor, 95 
Compression device, bone graft, 209f 
Computed tomography (CT) 

anterior odontoid fixation, 77 
anterior thoracolumbar corpectomy and 

stabilization, 201-202, 202f-204f 
C1--C2 posterior screw-rod fixation, 

144, 145f 
laminoplasty, 119, 122f 
posterior cervical microdiscectomy/ 

foraminotomy, 109 
posterior spinal instrumentation 

techniques, 252 
spinal canal decompression, 

postoperative image, 212f 
transpedicular fixation, open technique, 

304-305,304f-305f 
Carpectomy, 100f. See also Anterior 

thoracolumbar carpectomy and 
stabilization 

Corticocancellous snips, 306 
Costotransversectomy, 238f 
CT. See Computed tomography (CT) 
Curves, sacrum, 373 

D 
DecompresMonlvertebrectomy, 55-57 

anterior cervical plate fixation, 60 
autograft versus allograft, 60 
cages versus cement, 60 
closure, 60 
graft preparation, 57' 58f, 59f 
plating, 57' 59f, 60f 
posterior fusion (see Laminectomy) 
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Deconication, 151, 152f 
Degenerative disc disease (DDD), 349 
Disc arthroplasty, mini-AUF, 345 
Discectomy 

anterior cervicothoracic approach, 99f 
and interbody fusion, ll.IF, 364--365, 

369f-371f 
lumbar microdiscectomy, 288-289, 

289f-290f 
post, collapse, 335 
posterior cervical microdiscectomy/ 

foraminotomy, 112 
thoracoscopic (see Anterior 

thoracoscopic discectomy) 
Dual-energy x-ray absorptiometry 

(DEXA), 353 
Dysphagia, 4 
Dysphonia, 5 

E 
En bloc corpectomy, 212-213. See 

also Anterior thoracolumbar 
corpectomy and stabilization 

Endoscopic and anterior approaches, spine. 
See Spinal deformity surgery 

Ependymomas,387,389f-390f 
Epidural anesthesia. See Anesthesia 
Expansive Z-laminoplasty, 119 
Extensile approach. See Anterior 

thoracolumbar extensile approach 

F 
Facetectomy,253f 
Fixation 

anterior cervical plate, 60 
C1-C2 (see C1-C2 posterior screw-rod 

fixation) 
odontoid (see Anterior odontoid 

fixation) 
posterior spinal (see Posterior spinal 

fixation) 
Flavectomy, 286-287 
Fluoroscopy 

anterior thoracoscopic discectomy, 
215-216, 216f 

screw placement, 85 
skin incision, mini-ALIF, 335 

Foramina! stenosis, 122, 123f 
Foraminotomy, 136f. See also Posterior 

cervical microdiscectomy/ 
foraminotomy 

Fractures 
burst, 202f-204f 
C1-C2 posterior screw-rod fixation, 

143 
cryosection, fatal odontoid, 76f 
Hinge, laminoplasty, 127-128, 128f 
nondisplaced, 86 
nonUidons,chronic, 77 
oblique, 77 
odontoid, 75, 76f 
posteriorlamina,231f 

French door laminoplasty, 119, 120, 121f 

Fusion 

G 

laminoplasty, 135f-136f 
LLIF (see Lateral lumbar interbody 

fusion (LLIF)) 
lumbar (see Transforaminallumbar 

interbody fusion (TLIF)) 
occipitocervical (see Occipitocervical 

fusion) 
posterior (see Laminectomy) 
rates, C1-C2 posterior screw-rod 

fixation, 153 

Gardner-Wells skull tongs, 92 
Gelfoam 

hemivertebrae excision, 193, 195£ 
transpedicular fixation, open technique, 

306 
Gigli saw, 95, 97f, 213 
Great vessels injury, 17 
Greenstick deformation, laminoplasty, 

127-128, 128f 

H 
Handheld retractors, 39 
Hemangioblastomas, 387 
Hemivertebrae excision 

complications, 198 
contraindications, 189 
indications, 189 
pitfalls, 197 
postoperative management, 197-198 
preoperative preparation, 189-190 
technique, 190-193, 190f-196f, 

195--197 
Hemostasis, 69, 147, 193, 230, 365 
Hemothorax, 222 
Hibbsretractors,378 
Hinge fracture/displacement, 127-128, 

128f 
Hirabayashi suture method, 127 
Hoarseness, 5, 61, 106 
Hooks 

pediatric lumbar, 196 
posterior spinal instrumentation 

techniques, 249, 252 
vertebral resection, 273 

Homer syndrome, 6 
Hypoglossal nerve, 9, 11f, 14f, 166 

I 
iliac screws, sacropelvic fixation 

Cobb elevators, 378 
construct, 381f 
Hibbs retractors, 378 
iliac interval detection, 379f 
iliac starting point, 379f 
K-wire tapping, 380f 
lateral connecting rod, 380f 
Leksell rongeur, 378 
lining up, screws, 381f 
lordosis, 381f 
S 1 screw placement, 378 

screw length measurement, 379£ 
screw placement, 380£ 

Index 

Incision 
cervical vertebrectomy and plating, 

51, 52f-53f 
in cervicothoracic junction, 14 
L5-S1 exposure, mini-AUF, 336 
in retropharyngeal approach, 9 

Infections 
C1-C2 posterior screw-rod fixation, 153 
lumbar microdiscectomy, 300 
wound,laminoplasty, 125 

Internal carotid artery (ICA) injury, 153 
Intradural tumor resection 

extramedullary 
bony bleeding, 392 
dural tack ups, 391, 391f 
durotomy, 392 
laminectomy, 391, 391f 
meningiomas, 386, 386£ 
neurofibromas, 386 
outcomes,394 
peripheral nerve sheath tumors, 385 
schwannomas, 386, 389f 
techniques,390-391,391f-392f 
Valsalva maneuver, 393 

intramedullary 
central cord syndrome, 387 
ependymomas,387 
hemangioblastomas, 387 
outcomes,394 
spinal cord astrocytomas, 387 
symptoms, 387 
techniques,391-393 

Isthmic spondylolisthesis, 343, 344f 

J 
Jackson table 

laminectomy, 133 
posterior cervical microdiscectomy/ 

foraminotomy, 110 
Japanese Orthopaedic Association (JOA), 

120 
Jewett extension brace, 222 

K 
Kerrison rongeurs, 351-352, 365 
Kitner dissectors, 337, 337£, 338, 339 
Kurokawa double-hinge laminoplasty, 

119, 120, 121f 
K-wires 

anterior odontoid fixation, 80 
Jamshidi trocar, 317, 317f 
laminectomy, 138 
pedicle screw placement, 317f 

Kyphosis 
correction, posterior spinal 

instrumentation techniques, 255 
hemivertebrae excision, 198 
and loss of motion, cervical 

laminoplasty, 126-127 
manual reduction, 205 
reduction, laminectomy, 138 
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L 
Laminectomy 

oomplications 
delayed, 140 
operative, 139 

contraindications, 132 
high-speed drill, 297f 
indications, 131-132, 132f, 132t 
lumbar microdiscectomy, 287, 

287f, 288f 
neurologic results, 140 
pitfalls, 138-139 
postoperative management, 139 
technique 

anesthesia, 133 
closure, 138 
decompresMon, 134, 135f-136f 
exposure, 134 
fusion, 134, 136-138, 137f 
fusion bed preparation, 138 
po&tioning, 133-134, 133f 

thoracic, posterior spinal fixation, 237f 
Laminoforaminotomy, 234f 
Laminoplasty 

cervical (see Cervicallaminoplasty) 
concept, 119 
French door, 119, 120, 121f 
Hirabayashi suture method, 127 
K-line/kyphosis line concept, 121, 122f 
methods, 121f 
open-door, 119, 120, 121f 

Lateral lumbar interbody fusion (LLIF) 
advantages, 357-358 
complications,371 
contraindications, 357 
disadvantages, 358 
indications, 357 
operating room setup, 361f 
pitfalls, 368, 371 
positioning, 358, 360f 
postoperative management, 371 
preoperative preparation, 358, 360f 
radiographic localization, 358-359, 361f 
results 

arthrodesis, 372 
functional outcome, 372 
lumbar stenosis, 372 

retroperitoneal space, 363f 
skin marlring, 359, 362f, 363f 
technique 

closure, 365, 368 
discectomy and interbody fusion, 

364-365,369£-371£ 
initial approach and retroperitoneal 

exposure,359-360,363f 
transpsoas approach and 

intervertebral disc access, 360, 
362,364,364£-368£ 

Lesions 
metastatic, 91 
primary,91 

L4-L5 anterior exposure, mini-ALIF, 
343--345 

ILIF. See Lateral lumbar interbody fusion 
(LLIF) 

Lordosis reduction, posterior spinal 
fixation, 240f 

Loss of motion, 126-127 
Low cervical Smith-Robinson/ 

supraclavicular approach without 
osteotomy, 101, 104, 104f, 105f 

L5-S1 exposure, mini-ALIF 
anterior annulus resection, 340 
anteroposterior and lateral fluoroscopic 

views, 339--340 
blunt dissection, 337, 337f 
bone graft/bone graft substitute, 

340,342£ 
Deaver retractor, 337 
disc space, 340, 341f 
discectomy, 340, 340f 
endplate, 341, 341f 
fluoroscopy images, 336, 342f 
incision location, 336 
Kitner elevators, 338, 339 
K-wire/staked screw, 339, 339f 
PEEK spacer, 343, 343f 
presacral nervous plexus, 338, 338f 

Lumbar back pain, sacropelvic fixation, 
374 

Lumbar disc arthroplasty 
oomplications,355 
contraindications, 349 
indications, 349 
postoperative management, 355 
preoperativepreparation,349-350 
results, 355--356 
technique 

disc space preparation, 351-352 
patient positioning and setup, 350, 

350f-351f 
surgical exposure, 350-351, 

351f-352f 
TDR implantation, 351-352, 

353f,354f 
wound closure, 353, 354f, 355 

Lumbar fusion, transforaminal approach. 
See Transforaminallumbar 
interbody fu&on (TLIF) 

Lumbar microdiscectomy 
advantages and disadvantages, 295 
anatomy, 281 
clinical presentation 

physical examination, 294 
symptoms, 293 

complications,291 
dural tears, 300 
inadequate decompression, 300 
nerve root injury, 300 
surgical site infections, 300 

contraindications, 281-282,294-295 
conversion to open technique, 299 
diagnosis and imaging, 294 
differential diagnosis, 294 
indications, 281, 294 
postoperative management, 291,299 

preoperative planning, 282, 283f 
results, 291, 300 
technique 

anesthesia, 284 
closure, 289, 290f 
Cobb elevator, 296, 296f 
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deep dissection/muscle elevation, 
286, 286f, 287f 

disc material evacuation, 298, 298f 
discectomy, 288--289, 289f-290f 
exposure, 285-286 
far lateral herniations, 298--299 
flavectomy and entry into spinal 

cana1,286-287 
incision site, fluoroscopic 

confirmation, 295, 295f 
inferior laminotomy/laminectomy, 

287' 287f, 288f 
Kerrison rongeur, 296 
laminoforaminotomy, 298f 
level localization, 285, 285f 
patient positioning, 284-285, 284f 
pedicle and traversing nerve root 

identification, 288, 288f 
tubular retractor, 296, 297f 
Woodson elevator, 296 
wound closer, 298, 299f 

Lumbar pedicle subtraction osteotomy 
contraindications, 257, 259 
illustrative case, technique, 265-266, 

266f 
indications,257,259 
pitfalls, 264-265 
postoperative management, 265 
preoperative preparation 

correction prediction, 261 
patient assessment, 259--260, 259£ 
radiographic evaluation, 260-261, 

260f 
wedge resection measurement, 261 

results, 265 
technique 

patient positioning, 261-262 
surgical approach, 262-263, 263f 

Lumbar spine 
disc arthroplasty 

oomplications,355 
contraindications, 349 
disc space preparation, 351-352 
indications, 349 
patient positioning and setup, 350, 

350f-351f 
postoperative management, 355 
preoperative preparation, 349--350 
results, 355--356 
surgical exposure, 350-351, 

351f-352f 
TDR implantation, 351-352, 

353f, 354£ 
wound closure, 353, 354f, 355 

lateral lumbar interbody fusion 
advantages, 357-358 
closure, 365, 368 
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Lumbar spine (Continued) 
COTinplications,371 
oontraindications, 357 
disadvantages, 358 
discectomy and interbody fusion, 

364-365,369f-371f 
indications, 357 
initial approach and retroperitoneal 

exposure,359-360,363f 
operating room setup, 361f 
pitfalls, 368, 371 
positioning,358,360f 
postoperative management, 371 
preoperative preparation, 358, 360f 
radiographic localization, 358-359, 

361f 
results, 372 
retroperitoneal space, 363f 
skin marldng, 359, 362f, 363f 
transpsoas approach and 

intervertebral disc access, 360, 362, 
364, 364f-368f 

microdiscectomy (see also Lumbar 
lnicrodiscectomy) 

advantages and disadvantages, 295 
Cobb elevator, 296, 296f 
COTinplications,300 
oontraindications,294-295 
oonversion to open technique, 299 
diagnosis and imaging, 294 
differential diagnosis, 294 
disc material evacuation, 298, 298f 
far lateral herniations, 298-299 
incision site, fluoroscopic 

confirmation, 295, 295f 
indications, 294 
Kenison rongeur, 296 
lalDdnofonuEdnotomy,298f 
physical examination, 294 
postoperative management, 299 
results, 300 
symptoms, 293 
tubular retractor, 296, 297f 
Woodson elevator, 296 
wound closer, 298, 299f 

mini-ALIF 
COTinplications,345-346 
oontraindications,335-336 
disc arthroplasty, 345 
indications, 335 
IA-LS anterior exposure, 343-345 
LS-S1 exposure, 336-343, 336f-344f 
postoperative management, 345 
results, 346, 346f-347f 

MIS technique, transpedicular fixation 
oontraindications,313 
fluoroscopic vs. advanced navigation, 

319-320, 320t 
indications, 313 
mini-open pedicle screw placement, 

314-315, 315f, 317f 
mini-open vs. percutaneous pedicle 

screws, 319 

percutaneous pedicle screw 
placement, 315, 316f, 317, 317f 

pitfalls, 318 
postoperative management, 318 
preoperative preparation, 314 
results, 318-319 

open technique, transpedicular fixation 
approach, 305 
bone graft, 306-307 
COTinplications, 310 
oontraindications, 303 
ilium, instrumentation, 308 
indications, 303 
L2-S1, instrumentation, 307-308, 

307f 
patient positioning, 305 
pitfalls, 308-310 
posterior arthrodesis, 308, 309f 
postoperative management, 310 
preoperative preparation, 304-305, 

304f-305f 
results, 310 

sacropelvic fixation 
COTinplications,383 
oontraindications, 373 
iliac screws, surgical approach, 378, 

379f-381f, 382 
indications, 373 
kyphosis, 374 
lumbar back pain, 374 
oswestry scores, 374 
pitfalls, 382 
postoperative management, 382-383 
preoperative preparation, 373-378 
PSF/PSSI T11, sacrum and pelvis, 

375-377 
results, 383-384 
S2 iliac fixation, surgical approach, 

377,382 
scoliosis, 374 

transforaminallumbar interbody fusion 
COTinplications,331-332 
oontraindications, 323-324 
indications, 323 
pitfalls, 328, 330 
postoperative management, 330--331 
preoperative preparation, 324-325, 

324f-325f 
results, 332 
technique, 325-328, 326f, 327f, 

329f-331f 
transpedicular fixation 

MIS technique, 318 
open technique, 303 

Lumbar stenosis, 372 
Lumbopelvic parameters measurement, 

260--261,260f 

M 
Magnetic resonance imaging (MRI) 

anterior odontoid fixation, 77 
anterior thoracolumbar carpectomy and 

stabilization, 201-202, 203f-204f 

Index 

C1--C2 posterior screw-rod fixation, 
144 

laminoplasty, 119, 122f 
L4-L5 and LS-Sl, disc degeneration, 

373 
L5-S 1 disc space, 346f 
lumbar pedicle subtraction osteotomy, 

260-261,260f 
midsagittal STIR, 111 
mini-ALIF, 335 
posterior cervicallnicrodiscectomy/ 

foraminotomy, 109 
posterior spinal instrumentation 

techniques, 252 
spinal cord tumors, 388, 388f 
transpedicular fixation, open technique, 

304-305,304f-305f 
Microdiscectomy,lumbar. See 

also Posterior cervical 
lnicrodiscectomy/foralninotomy 

advantages and disadvantages, 295 
clinical presentation 

physical examination, 294 
symptoms, 293 

complications 
dural tears, 300 
inadequate deCOTinpression, 300 
nerve root injury, 300 
surgical site infections, 300 

contraindications, 294-295 
conversion to open technique, 299 
diagnosis and imaging, 294 
differential diagnosis, 294 
indications, 294 
postoperative management, 299 
results, 300 
technique 

Cobb elevator, 296, 296£ 
disc material evacuation, 298, 298f 
far lateral herniations, 298-299 
incision site, fluoroscopic 

con£Unrration,295,295f 
Kerrison rongeur, 296 
lalDdnoforaminotomy, 298f 
tubular retractor, 296, 297f 
Woodson elevator, 296 
wound closer, 298, 299£ 

Mini-ALIF 
complications,345-346 
contraindications, 335-336 
indications, 335 
postoperative management, 345 
results, 346, 346f-347f 
technique 

disc arthroplasty, 345 
IA-LS anterior exposure, 343-345 
L5-S1 exposure, 336-343, 336f-344f 

Minimally invasive spine (MIS) technique. 
See Transpedicular fixation 

Motor evoked potentials (MEPs ), 
lalDdnoplasty, 123 

MRI. See Magnetic resonance imaging 
(MRI) 
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N 
Neck pain, 125--126 
Neoplasms. See Spinal cord tumors 

(SCTs) 
Neurofibromas, tumor resection, 386 
Neuropraxia, 95 
No touch technique, laminectomy, 134 
Nonsteroidal anti-inflammatory drugs 

(NSAIDs), 46, 294, 383 

0 
Occipitocervical fusion 

complications 
diagnosis delay and neurologic 

decline, 166 
neurovascular injury, 166 
nonunion/malunion, 167, 167f-168f 
for trauma patients, 165 

craniocervical dissociation, 162 
CT,162 
fractures, 162 
indications, 157 
postoperative management, 164, 165f 
preoperative preparation, 158, 

159f-161f, 162 
results, 168, 169f 
swgical pearls, 164 
technique, 157-158, 157~ 162-164 
transverse alar ligament instability, 162 

Odontoid fixation. See Anterior odontoid 
fixation 

Open-doorlaminoplasty, 119, 120, 121f, 
124f 

Operation room setup 
cervicallaminoplasty, 122-123, 123f 
cervical vertebrectomy and plating, 50, 

51f 
lateral lumbar interbody fusion (ILIF), 

361f 
Ossified posterior longitudinal ligament 

(OPIL), 119 
Osteoporosis, 357 
Osteosynthesis, 75 
Osteotomy 

cervical osteotomy 
anesthetic considerations, 67 
indications/contraindications, 65 
patient evaluation, 66 
postoperative management, 72 
radiographic evaluation, 66, 66f 

cervicothoracic pedicle subtraction 
bone grafting and wound closure, 71 
C71aminectomy, 68-69, 69f 
deformity correction, 69--70, 70f 
exposure and instrumentation, 68 
patientpositioning,67-68 
Penfield 4 retractor, 69, 70f 

midcervical extension 
anterior instrumentation, 72 
anterior release, 71-72 
bone grafting and closure, 72 
C5 spinous process and lamina 

removal, 72 

correction of deformity, 72 
posterior exposure and 

instrumentation, 72 
midline manubrial, 97f 
selection, posterior spinal 

instrumentation techniques, 252 
thoracic transmanubrial-transclavicular 

(medial third), 95-96, 95f-98f 
transverse manubrial, 98f 

p 
Pain 

neck, laminoplasty, 125-126 
sacropelvic fixation, 374 

Palsy, motor root, 128 
Patient positioning 

anterior cervicothoracic approach, 92 
anterior odontoid ftxation, 78-79, 78f, 

79f 
anterior thoracolumbar extensile 

approach, 172, 172f 
anterior thoracoscopic discectomy, 

215-216,216f 
C1--C2 posterior screw-rod fixation, 

144, 146f 
cervicallaminoplasty, 122-123, 123f 
da Vinci position, 350 
laminectomy, 133-134, 133f 
lateral lumbar interbody fusion, 

358,360f 
lumbar disc arthroplasty, 350, 

350f-351f 
lumbar microdiscectomy, 284-285, 284f 
lumbar pedicle subtraction osteotomy, 

261-262 
open technique, transpedicular fixation, 

305-308 
posterior spinal fixation, 229, 230f 
transpedicular fixation, 305 

Peanut/Kittner dissector, 79, 80f 
Pedicle erosions. See Winking eye 
Pedicle screw placement, 252-254, 

254f-254f. See also Posterior 
spinal instrumentation techniques 

Peripheral nerve sheath tumors (PNSTs), 
385 

Plating, cervicothoracic anterior, 102f 
Platysma 

in anterior approaches, 2 
anterior cervical discectomy and fusion 

(ACDF), 24, 25f 
Posterior cervical microdiscectomy/ 

foraminotomy 
complications, 116 
contraindications, 109 
indications, 109 
pitfalls, 115-116 
postoperative management, 116 
preoperative preparation, 110, 110f, 111f 
results, 116 
technique, 110-115, 111f-115f 

inferior articular facet, 114f 
interlaminar V, 114f 

Kerrison rongeur, 113 
patient position, 110 
sickle removal, 115f 
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subperiosteal dissection, 112, 113f 
superior articular facet, 114f 
Trendelenburg position, Ill 
wound closure, 115 

Posterior fusion. See Laminectomy 
Posterior lumbar interbody fusion (PLIF). 

See Transforaminallumbar 
interbody fusion (TLlF) 

Posterior occipitocervical fusion. See 
Occipitocervical fusion 

Posterior spinal fixation 
complications,245,245f-247f 
contraindications,225,226f-227f 
indications,225,226f-227f 
perioperative considerations 

closure, 239 
decompression, 235-236, 237f-238f, 

239 
deformity reduction maneuvers, 

239, 241f 
exposure,229--230,231f 
instrumentation, 231, 232f-233f, 233, 

234f-236f 
minimally invasive surgery, 239, 

242f-244f, 244 
neurologic deficit, 228-229 
patient positioning, 229, 230f 
postoperative management, 245 

preoperative preparation 
fusion level selection, 227 
imaging assessment, 226-227, 228f 

Posterior spinal instrumentation techniques 
complications,256 
contraindications, 249--250 
indications,249-250 
postoperative management, 255 
preoperative preparation 

deformity analysis, 250 
fusion levels selection, 250-251, 251f 
osteotomy selection, 252 

results, 256 
technique 

correction maneuver, 254-255 
pedicle screw placement, 252-254, 

253f-254f 
Posterior superior iliac spine (PSIS), 305 
Posterior swgical approaches 

cervical microdiscectomy/foraminotomy 
complications, 116 
contraindications, 109 
indications, 109 
pitfalls, 115-116 
postoperative management, 116 
preoperative preparation, 110, 110f, 

111f 
results, 116 
technique, 110-115, 111f-115f 

fusion (see Laminectomy) 
occipitocervical fusion (see 

Occipitocervical fusion) 
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Posterior surgical approaches (Continued) 
osteotomies, spectrum of, 258t 
PLIF (see Transforaminallumbar 

interbody fusion (TLlF)) 
spinal fixation 

closure, 239 
ccrrnplications,245,245f-247f 
con~dications,225,227f-228f 

decompression, 235-236, 237f-238f, 
239 

deformity reduction maneuvers, 239, 
240f 

exposure,229-230,231f 
fusion level selection, 227 
imaging assessment, 226-227, 

228f 
llulications,225,226f-227f 
instrumentation, 231, 232f-233f, 233, 

234f-236f 
minimally invasive surgery, 239, 

242f-244f, 244 
neurologic deficit, 228-229 
patient positioning, 229, 230f 
postoperative management, 245 

spinal instrumentation techniques 
ccrrnplications,256 
con~dications, 249-250 
correction maneuver, 254-255 
deformity analysis, 250 
fusion levels selection, 250--251, 

251f 
llulications,249-250 
osteotomy selection, 252 
pedicle screw placement, 252-254, 

253f-254f 
postoperative management, 255 
results, 256 

transpedicular fixation, open technique, 
305 

Posterior-based osteotomies, spectrum, 
258t 

Pretracheal fascia, exposure and splitting, 
94 

Pseudoarthrosis 
hemivertebrae excision, 198 
lumbar pedicle subtraction osteotomy, 

264 

R 
Radiculopathy 

ACDF (see Anterior cervical 
discectomy and fusion (ACDF)) 

lumbar microdiscectomy, 281 
posterior cervical microdiscectomy/ 

foraminotomy, 109 
Radiographs 

anterior cervical discectomy and fusion, 
30 

anterior odontoid fixation, 77-78 
anterior thoracolumbar carpectomy and 

stabilization, 202f-204f 
anterior thoracolumbar extensile 

approach, 177f 

anterior thoracoscopic discectomy, 
217f-222f 

cervical osteotomy, 66, 66f 
degenerative disc distraction, 347f 
lateral lumbar interbody fusion, 

358-359, 361f 
L5--S 1 disc space, 346f 
lumbar pedicle subtraction osteotomy, 

260--261,260f 
posterior spinal instrumentation 

techniques, 252 
spinal deformity surgery, 179, 

180f-181f 
Rehabilitation 

anterior odontoid fixation, 87 
thoracolumbar spine, vertebral body 

resection, 275, 278 
Restenosis, 127, 127f 
Retractor 

pediatric-sized chest, 191, 191f 
system, 79, 80f 

Retrieval analysis, prodisc-L devices, 356 
Retrolisthesed odontoid, 82f, 83f 
Richardson/Cloward retractor, 95 

s 
Sacropelvic fixation 

complications,383 
con~dications, 373 
llulications, 373 
kyphosis, 374 
lumbar back pain, 374 
oswestry scores, 374 
pitfalls, 382 
postoperative management, 382-383 
preoperative preparation, 373-378 
PSFIPSSI Tl1, sacrum and pelvis, 

375-377 
results, 383-384 
scoliosis, 374 
technique 

iliac screws, surgical approach, 378, 
379f-381f, 382 

S2 iliac fixation, surgical approach, 
377,382 

Schwannomas, tumor resection, 
386,389f 

Scoliosis correction, posterior spinal 
instrumentation techniques, 255 

Screw placement 
anterior odontoid fixation, 80--84, 

80f-84f 
cannulated screws usage, 87 
C1-C2 posterior screw-rod fixation 

C1 screw fixation, 147-149, 
147f-150f 

C2 pars screw fixation, 150--151 
C2 pedicle screw fixation, 149-150, 

150f, 151f 
C2 translaminar screw fixation, 151 

drilling,84f 
lumbar pedicle subtraction osteotomy, 

262-263,263f 
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osteoporotic patients, C1-C2 posterior 
screw-rod fixation, 152 

poorly placed cannulated screw, 85f 
posterior spinal fixation, 232f-233f 
unicortical vs. bicortical screw, 152 

Shingling/overlap, laminae, 123, 123f 
Smith-Robinson approach, 2, 92-95, 

93f-96f 
Smith-Robinson/supraclavicular approach 

without osteotomy, 101, 104, 104f, 
105f 

Somatosensory evoked potentials (SSEPs), 
123 

Spinal cord tumors (SCTs) 
in children, 385 
complications/adverse events, 394 
contrallulications,387 
digital subtraction angiography, 388 
indications, 387 
intradural extramedullary 

bony bleeding, 392 
dural tack ups, 391, 391f 
durotomy, 392 
laminectomy, 391, 391f 
meningiomas, 386, 386f 
neurofibromas, 386 
outcomes,394 
peripheral nerve sheath tumors, 385 
schwannomas, 386, 389f 
techniques,390-391,391f-392f 
V alsalva maneuver, 393 

intradural intramedullary 
central cord syndrome, 387 
ependymomas,387 
hemangioblastomas, 387 
outcomes,394 
spinal cord astrocytomas, 387 
symptoms, 387 
techniques,391-393 

meningiomas,386 
myelography, 388 
pitfalls 

frozen specimens, 393 
intraoperative monitoring usage, 393 
laminectomy, craniocaudal extent, 

393 
vertebral artery anatomy, 393 

postoperative management, 393-394 
preoperative preparation, 388, 

388f-390f 
preoperativesetup,390,390f 
results, 394 
surgical approach, 390, 390f 

Spinal deformity surgery 
complications, 188 
contrallulications, 182 
indications, 179, 180f-181f 
pitfalls, 188 
postoperative management, 188 
preoperative preparation, 182 
results, 188 
technique, 182, 183f-184~ 185, 

185f-187f, 188 



Index 

Spine, normal sagittal alignment, 259f 
Spondylolisthesis 

lateral lumbar interbody fusion, 357 
L5-S1 exposure, mini-AUF, 343, 343f 
mini-AUF, 335 

Spondylosis, multilevel cervical 
laminoplasty, 119 

Spurling maneuver, 109 
Steinmann pin, 79 
Stenosis. See Laminectomy 
Sternal wiring reconstruction, 103f 
Strap muscles, 2, 3f 

T 
'"f-ed" incision, 10f 
Thoracic duct complications, anterior 

cervicothoracic approach, 106 
Thoracic transmanubrial-transclavicular 

(medial third) osteotomy, 95-96, 
95f-98f 

Thoracolumbar corpectomy and 
stabilization. See Anterior 
thoracolumbar corpectomy and 
stabilization 

Thoracolumbar extensile approach. See 
Anterior thoracolumbar extensile 
approach 

Thoracolumbar spine 
in adolescent and young adult. spinal 

deformity surgery 
complications, 188 
contraindications, 182 
indications, 179, 180f-181f 
pitfalls, 188 
postoperative management. 188 
preoperative preparation, 182 
results, 188 
technique, 182, 183f-184L 185, 

185f-187f, 188 
anterior thoracolumbar corpectomy and 

stabilization 
complications, 210-211 
contraindications, 201 
en bloc coipectomy, 212-213 
indications, 201 
preoperative preparation, 201-202, 

202f-204f 
results, 209 
technique, 202, 204-205, 206f-207f, 

208-209,208f-213f 
anterior thoracolumbar extensile 

approach 
complications, 176-177 
contraindications, 171 
indications, 171 
preoperative preparation, 172-176, 

172f-175f 
anterior thoracoscopic discectomy 

complications, 222 
contraindications, 215 
indications, 215 
postoperative management. 222 
technique,215-222,216f-222f 

hemivertebrae excision 
complications, 198 
contraindications, 189 
indications, 189 
pitfalls, 197 
postoperative management, 197-198 
preoperative preparation, 189--190 
technique, 190-193, 190f-196L 

195-197 
injury classification system, 226f 
lumbar pedicle subtraction osteotomy 

contraindications, 257, 259 
correction prediction, 261 
illustrative case, technique, 265-266, 

266£ 
indications,257,259 
patient assessment. 259--260, 259f 
patientpositioning,261-262 
pitfalls, 264-265 
postoperative management, 265 
radiographic evaluation, 260-261, 

260f 
results, 265 
surgical approach, 262-263, 263f 
wedge resection measurement, 261 

posterior spinal instrumentation 
techniques 

complications, 256 
contraindications, 249--250 
correction maneuver, 254-255 
deformity analysis, 250 
fusion levels selection, 250-251, 251f 
indications, 249--250 
osteotomy selection, 252 
pedicle screw placement, 252-254, 

253f-254f 
postoperative management, 255 
results, 256 

trauma, posterior spinal fixation 
closure, 239 
complications,245,245f-247f 
contraindications,225,226f-227f 
decompression,235-236,237f-238L 

239 
deformity reduction maneuvers, 

239,240f 
exposure, 229--230, 231f 
fusion level selection, 227 
imaging assessment, 226-227, 228£ 
indications,225,226f-227f 
instrumentation, 231, 232f-233f, 233, 

234f-236f 
minimally invasive surgery, 239, 

242f-244f, 244 
neurologic deficit, 228-229 
patientpositioning,229,230f 
postoperative management, 245 

vertebral body resection 
complications,278 
contraindications, 269 
indications, 269 
posterior approach, 273-274, 

274f-278f 

postoperative management, 274, 
275 

preoperative planning, 270 
rehabilitation,275,278 
results, 278-279 

405 

surgical technique, 270, 271f, 272, 
272f, 273, 273f 

Thoracoscopic discectomy. See Anterior 
thoracoscopic discectomy 

Titanium cage, expandable, 101f 
Total disc replacement (TDR) 

implantation, 351-352, 353£, 354f 
lumbar disc arthroplasty, 349 

Trachea/esophageal trauma, 61--62 
Transforaminal epidural steroid injections 

(TESI), 109 
Transforaminallumbar interbody fusion 

(TLIF) 
complications,331-332 
contraindications, 323--324 
indications, 323 
pitfalls, 328, 330 
postoperative management, 330-331 
preoperative preparation, 324-325, 

324f-325f 
results, 332 
technique, 325--328, 326£, 327£, 

329f-331f 
Transpedicular decompression, posterior 

spinal fixation, 238f 
Transpedicular fixation 

MIS technique 
complications,318 
contraindications, 313 
fluoroscopic vs. advanced navigation, 

319--320,320t 
indications, 313 
mini-open pedicle screw placement, 

314-315,315L316f 
mini-open vs. percutaneous pedicle 

screws, 319 
percutaneous pedicle screw 

placement, 315, 316f, 317, 317f 
pitfalls, 318 
postoperative management, 318 
preoperative preparation, 314 
results, 318-319 

open technique 
approach, 305 
bone graft, 306-307 
complications, 310 
contraindications, 303 
ilium, instrumentation, 308 
indications, 303 
L2-S1, instrumentation, 307-308, 

307f 
patient positioning, 305 
pitfalls, 308-310 
posterior arthrodesis, 308, 309f 
postoperative management, 310 
preoperative preparation, 304-305, 

304f-305f 
results, 310 
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Transverse atlantalligament (TAL) 
integrity, 75 

Tubular retractor system 
advantages and disadvantages, 295 
lumbar microdiscectomy (see Lumbar 

microdiscecbJiny) 
Tumor resection 

complications/adverse events, 394 
contrallulications,387 
indications, 387 
intradural extramedullary 

bony bleeding, 392 
dural tack ups, 391, 391f 
durotomy, 392 
laminecbJiny,391,391f 
meningiomas, 386, 386f 
neurofibromas, 386 
outcomes, 394 
peripheral nerve sheath tumors, 385 
schwannomas, 386, 389f 
tec~ues,390-391,391f-392f 

Valsalva maneuver, 393 
intradural intramedullary 

central cord syndrome, 387 
ependyrnomas,387 
hemangioblastomas, 387 
outcomes, 394 
spinal cord astrocytomas, 387 
symptoms, 387 
tec~ues,391-393 

pitfalls 
frozen specimens, 393 
intraoperative monitoring usage, 393 

laminectoiny, craniocaudal extent, 
393 

vertebral artery anatomy, 393 
postoperative management, 393--394 
preoperative preparation, 388, 

388f-390f, 390 
results, 394 
urgical approach, 390, 390f 

Tumors, mediastinal, 91 

v 
Vascular injury, 106 
Vertebral artery (VA) injury, 6, 62, 153 
Vertebral body resection 

complications, 278 
contraindications, 269 
indications, 269 
posterior approach, 273--274, 

274f-278f 
postoperative management, 274,275 
preoperative planning, 270 
rehabilitation, 275, 278 
results, 278-279 
surgical technique, 270, 271f, 272, 

272f, 273, 273f 
VertebrecbJiny and plating 

complications,61-62 
contraindications, 49 
decompression/vertebrectomy, 55-51 

anterior cervical plate fixation, 60 
autograft vs. allograft, 60 
cages vs. cement, 60 
closure, 60 

graft preparation, 57, 58f, 59f 
plating,57,59f,60f 

dissection, 53-54, 53f, 54f 
graft harvest, 51 
incision, 51, 52f-53f 
indications, 49 
patient positioning, 50 
postoperative management, 61 
preoperative preparation 

graft choices, 50 
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history and physical examination, 49 
patient education, 50 
radiology, 50 

retractor placement, 55 
room setup, 50, 51f 
traction, 50-51 

w 
Wake-up test, 196, 270, 274 
Walking 

after Cl-C2 posterior screw-rod 
fixation, 153 

after cervicallaminoplasty, 125 
after lumbar microdiscectomy, 299 
after vertebral resection, 275, 278 
sacropelvic fixation, 383 
tolerance, 260 

Winking eye, 92 
Wound infections 

C1-C2 posterior screw-rod fixation, 153 
cervicothoracic approach, 105 
laminoplasty, 125 
lumbar microdiscectomy, 291 
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