





82 PART I Cervical Spine

FIGURE 6-7

A shallow trough in the
face of C3 is created
with a hand drill to
allow placement of the
guide tube system to
the inferior edge of C2.
(Copyright Dr. Ronald
I. Apfelbaum.)

advanced, it is easy to replicate the trajectory achieved with the drilling, making minor alignment
corrections with the guide tube if needed to follow the same path in the odontoid (Fig. 6-11). In fact,
the drill hole can usually be seen on the fluoroscopic images. The tap also is calibrated so the depth
can be checked if needed. Tapping the screw hole allows the screw to engage the dense apical cortex
instead of displacing the odontoid and ensures an optimal screw bone interface. Forcing a screw into
an untapped bone hole can result in high interface 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 patients.

The tap is then removed, and a 4-mm cortically threaded lag screw, which has a minor diameter of
2.9 mm, 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. 6-11). If there is much of a gap between the odontoid and C2 and the fracture is
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. Deeper penetration is acceptable as long as the screw tip does not extend
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6 Anterior Odontoid Fixation

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 diameter has proven to be much stronger in resisting bending, and since it has
been adopted we have not seen any screw breakage.

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 (b/ue arrow), and then

C3 and C2 are displaced posteriorly by
—_— simultaneous posterior pressure on the
C2 and C3 will move as a unitand | . 0'ill guide (red arrow). When in optimal

can be displaced posteriorly until | alignment, the drill is advanced across the
in normal alignment with C1 and fracture and into the apical odontoid cortex.

(Copyright Dr. Ronald I. Apfelbaum.)
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FIGURE 6-8

The outer and inner
guide tubes are mated
together and passed
over the K-wire until
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 bottom of C2
(blue arrow). This pro-
vides a secure pathway
to the selected entry
hole and allows adjust-
ment of the drilling
trajectory as the drill is
advanced. It also allows
realigning C2 into an
optimal relationship
with the odontoid pro-
cess (see Fig. 6-9).
(Copyright Dr. Ronald
[. Apfelbaum.)
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c

FIGURE 6-10

The alignment of this difficult retrolisthesed odontoid in an 80-year-old man (A) was improved (B) by the head-tipping
maneuver (note less offset of the yellow lines), and we were then able also to further extend his neck (cf. B and 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.)

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
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A

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.)

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 II 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-failure. Graziano et al.
(21) also found no difference between one and two screws in bending and torsional stiffness of the
instrumented odontoid; however, the ability of one screw to limit rotation between the odontoid and
C2 was not evaluated 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 effect
alone may pull the irregular surfaces together and prevent rotation, but in fractures treated a few
weeks or longer after 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 of 70 years
and found the difference between one and two screws to be highly significant. Fusion was achieved
in only 56% of patients with one screw versus 96% when two screws were used. This likely 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. In these older patients, we believe that 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 CT 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 C1, can help define the actual borders
of the odontoid on the fluoroscopic image.
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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 threaded screw
because no further lag
action is expected.
(Copyright Dr. Ronald
I. Apfelbaum.)

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
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FIGURE 6-13

Poorly placed cannulated 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.

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 (Fig. 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 proper 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 posi-
tion 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 6-14

In another case, in an
18-year-old man, A: One
screw went completely
through the apical cor-
tex (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 second 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.)
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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 tunnel 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
C1 is fused to C2. For many 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 fractures, 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 months (6). For patients with these fractures, it is reasonable and preferable to consider direct
fixation of the fracture or C1-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 united fractures (over 18 months) have fared poorly, so for these established nonunions,
the best surgical alternative is posterior C1-C2 arthrodesis, despite the accompanying loss of axial
rotation. The morbidity and mortality of halo immobilization in the elderly is significantly higher
than in younger patients, again suggesting that surgical fixation should be strongly considered (7).

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 can 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 C1-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.
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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 of 70 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.

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.
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DISCLOSURES

The instrumentation described in this chapter was developed by the 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 form related to either the instrumenta-
tion or screws.

RECOMMENDED READING

1. Aebi M, Etter C, Coscia M: Fractures of the odontoid process. Treatment with anterior screw fixation. Spine (Phila Pa
1976) 14(10): 1065-1070, 1989.
2. Apfelbaum R: Screw fixation of the upper cervical spine: indications and techniques. Contemp Neurosurg 16: 1-8, 1994.
3. Apfelbaum RI: Anterior approach for odontoid screw fixation. In: Zdeblick T, ed. Anterior approaches in spine surgery.
St. Louis, MO: Quality Medical Publishing, 1999: 33—46.
4. Apfelbaum RI, Lonser RR, Veres R, et al.: Direct anterior screw fixation for recent and remote odontoid fractures.
J Neurosurg 93(Suppl 2): 227-236, 2000.
5. Apfelbaum RI, Zileli M, Stillerman C: Upper cervical screw fixation techniques. In: Benzel E, ed. Spine surgery: tech-
niques, complication avoidance and management. 3rd ed. Philadelphia, PA: Elsevier Saunders, 2012: 1373-1385.
6. Apuzzo ML, Heiden JS, Weiss MH, et al.: Acute fractures of the odontoid process. An analysis of 45 cases. J Neurosurg
48(1): 85-91, 1978.
7. Bednar DA, Parikh J, Hummel J: Management of type II odontoid process fractures in geriatric patients; a prospective
study of sequential cohorts with attention to survivorship. J Spinal Disord 8(2): 166—-169, 1995.
8. Blacksin MF, Lee HJ: Frequency and significance of fractures of the upper cervical spine detected by CT in patients with
severe neck trauma. AJR Am J Roentgenol 165(5): 1201-1204, 1995.
9. Bohler J: Anterior stabilization for acute fractures and non-unions of the dens. J Bone Joint Surg Am 64(1): 18-27, 1982.
10. Borne GM, Bedou GL, Pinaudeau M, et al.: Odontoid process fracture osteosynthesis with a direct screw fixation
technique in nine consecutive cases. J Neurosurg 68(2): 223-226, 1988.
11. Cho DC, Sung JK: Is all anterior oblique fracture orientation really a contraindication to anterior screw fixation of type
II and rostral shallow type III odontoid fractures? J Korean Neurosurg Soc 49(6): 345-350, 2011.
12. Chutkan NB, King AG, Harris MB: Odontoid fractures: evaluation and management. J Am Acad Orthop Surg 5(4):
199-204, 1997.
13. Clark CR, White AA III: Fractures of the dens. A multicenter study. J Bone Joint Surg Am 67(9): 1340—1348, 1985.
14. Dailey AT, Hart D, Finn MA, et al.: Anterior fixation of odontoid fractures in an elderly population. J Neurosurg Spine
12(1): 1-8, 2010.
15. Dickman CA, Mamourian A, Sonntag VK, et al.: Magnetic resonance imaging of the transverse atlantal ligament for the
evaluation of atlantoaxial instability. J Neurosurg 75(2): 221-227, 1991.
16. Doherty BJ, Heggeness MH: Quantitative anatomy of the second cervical vertebra. Spine (Phila Pa 1976) 20(5):
513-517, 1995.
17. Finn MA, Fassett D, Apfelbaum RI: Odontoid screw fixation. In: Vaccaro AR, Baron E, eds. Operative techniques in
spine surgery. 2nd ed. Philadelphia, PA: Elsevier, 2012: 28-37.
18. Freemyer B, Knopp R, Piche J, et al.: Comparison of five-view and three-view cervical spine series in the evaluation of
patients with cervical trauma. Ann Emerg Med 18(8): 818-821, 1989.
19. Fujii E, Kobayashi K, Hirabayashi K: Treatment in fractures of the odontoid process. Spine (Phila Pa 1976) 13(6):
604-609, 1988.
20. Geisler FH, Cheng C, Poka A, et al.: Anterior screw fixation of posteriorly displaced type II odontoid fractures. Neuro-
surgery 25(1): 30-37, 1989. discussion 37-38, 1989.
21. Graziano G, Jaggers C, Lee M, et al.: A comparative study of fixation techniques for type II fractures of the odontoid
process. Spine (Phila Pa 1976) 18(16): 2383-2387, 1993.
22. Greene KA, Dickman CA, Marciano FF, et al.: Transverse atlantal ligament disruption associated with odontoid fractures.
Spine (Phila Pa 1976) 19(20): 2307-2314, 1994.
23. Greene KA, Dickman CA, Marciano FF, et al.: Acute axis fractures. Analysis of management and outcome in
340 consecutive cases. Spine (Phila Pa 1976) 22(16): 1843-1852, 1997.
24. Hadley MN, Browner C, Sonntag VK: Axis fractures: a comprehensive review of management and treatment in
107 cases. Neurosurgery 17(2): 281-290, 1985.
25. Harris MB, Waguespack AM, Kronlage S: “Clearing” cervical spine injuries in polytrauma patients: is it really safe to
remove the collar? Orthopedics 20(10): 903-907, 1997.
26. Heller JG, Alson MD, Schaffler MB, et al.: Quantitative internal dens morphology. Spine (Phila Pa 1976) 17(8): 861-866,
1992.
27. Jenkins JD, Coric D, Branch CL Jr: A clinical comparison of one- and two-screw odontoid fixation. J Neurosurg 89(3):
366-370, 1998.
28. Lennarson PJ, Mostafavi H, Traynelis VC, et al.: Management of type II dens fractures: a case-control study. Spine (Phila
Pa 1976) 25(10): 1234-1237, 2000.
29. Lesoin F, Autricque A, Franz K, et al.: Transcervical approach and screw fixation for upper cervical spine pathology.
Surg Neurol 27(5): 459465, 1987.
30. Marchesi DG.: Management of odontoid fractures. Orthopedics 20(10): 911-916, 1997.
31. Montesano PX, Anderson PA, Schlehr F, et al.: Odontoid fractures treated by anterior odontoid screw fixation. Spine
(Phila Pa 1976) 16(Suppl 3): S33-S37, 1991.
32. Nakanishi T, Sasaki T, Tokita N, et al.: Internal fixation of the odontoid fracture. Orthop Trans 6: 176, 1982.
33. Nucci RC, Seigal S, Merola AA, et al.: Computed tomographic evaluation of the normal adult odontoid. Implications for
internal fixation. Spine (Phila Pa 1976) 20(3): 264-270, 1995.
34. Pepin JW, Bourne RB, Hawkins RJ: Odontoid fractures, with special reference to the elderly patient. Clin Orthop Relat
Res 193: 178-183, 1985.
35. Ryan MD, Taylor TK: Odontoid fractures. A rational approach to treatment. J Bone Joint Surg Br 64(4): 416-421,
1982.

Zdeblick9781451173611-ch06.indd 90 @ 8/7/2013 6:29:42 PM



6 Anterior Odontoid Fixation 91

36. Sasso R, Doherty BJ, Crawford MJ, et al.: Biomechanics of odontoid fracture fixation. Comparison of the one- and
two-screw technique. Spine (Phila Pa 1976) 18(14): 1950-1953, 1993.

37. Seybold EA, Bayley JC: Functional outcome of surgically and conservatively managed dens fractures. Spine (Phila Pa
1976) 23(17): 1837-1845, 1998; discussion 1845-1836, 1998.

38. Southwick WO: Management of fractures of the dens (odontoid process). J Bone Joint Surg Am 62(3): 482—486, 1980.

39. Vaccaro AR, An HS, Lin S, et al.: Noncontiguous injuries of the spine. J Spinal Disord 5(3): 320-329, 1992.

Query
[Q1] Note that Part label B is mentioned in the Figure 6-14 but not mentioned in the caption. Please check.
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