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Abstract
Of all the injuries to the spine, the cervical spine injuries have been the most feared because of its
potential to lead to deleterious complications. It has been noted that there is a correlation between the
level of spinal injury and morbidity / mortality. The higher the level of cervical injury, the higher will be
the morbidity / mortality. Injuries of the craniocervical junction are the deadliest. It has been observed
practically that approximately 10% of patients who present in an unconscious state to the emergency
department following a motor vehicle accident have a pathology in the cervical spine. Motor vehicle
accidents and falls are seen to be responsible for C2 fractures [1]. Clinically, the manifestations may range
from asymptomatic to frank paralysis. Among adults, odontoid fractures have been accounted for 9% to
15% of cervical spine fractures [2]. These fractures are usually a result of low energy impacts like falls in
elderly people or of high energy impacts like motor vehicle accidents in the young and middle aged
people [3, 4, 5]. Odontoid fractures are the most common cervical spine fractures among the elderly aged
between 70 - 80 years [5]. The male to female distribution is equal for both populations. This article
describes in brief the most common types of C2 fractures and its present treatment, the advancements to
me made in the treatment of odontoid fractures and the challenges a surgeon faces in the day to day
clinical practise in treating different types of odontoid fractures.
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Introduction
Clinical Features
The mechanism of odontoid fractures includes hyperextension or hyperflexion of the cervical
spine. The patients complain of pain and inability to move the neck actively. In addditon,
patients with odontoid fractures describe that they feel the head being unstable on the spine – a
sensation of instability. Such patients are seen to be holding their head with their hands in a
way to support so as to prevent any motion. Range of clinical findings on examination may be
from quadriplegia with involvement of the respiratory centre to motor and sensory deficits of
the upper extremity due to secondary loss of one or more cervical nerve roots [4, 5]. Neurologic
injury is variable between 2% to 27% among multiple studies. The type of fracture can be
diagnosed by radiographic findings [6].
Classifications
Anderson and D'Alonzo Classification [7] of odontoid fractures based on the anatomic location
of the fracture (Figure 1):
3 types of C2 odontoid fractures:
Type I: An oblique fracture through the upper part of the odontoid process.
Type II: Fracture at the base of the odontoid as it attaches to the body of C2.
Type III: When the fracture line extends through the body of the axis.
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Fig 1: Anderson and D'Alonzo Classification of Odontoid Fractures.

A type I fracture is seen is less than 5% of cases. It is defined
as an oblique fracture through the upper part of the odontoid
process. Due to traction forces applied to the apical and / or
alar ligaments, and its subsequent injury, the Type 1 fracture is
associated with gross instability occasionally. This fracture is
an avulsion injury of the tip of the odontoid process and is
stable. But, if there is a bilateral avulsion of the alar ligaments
in Type 1 odontoid fractures or if there is the presence of a
contralateral occipital condyle fracture, the type 1 fracture can
permanently cause an unstable occipital - cervical dislocation
[8, 9]
.
A Type II fracture is seen in more than 60% of the cases. It
occurs at the base of the odontoid between the level of the
transverse ligament and the C2 vertebral body. It is relatively
unstable and is the most common type of odontoid fracture [8,

fracture extends to atleast one of the superior articular facets of
C2, it is considered as a Type III fracture [16].
Another limitation of the Anderson and D’Alonzo
Classification is a lack of distinction between the wide range
of morphologies of the fractures and their associated treatment
considerations. To address this limitation, Hadley et al. [17]
introduced a subclass of Type II fracture which he named as
Type II-A fracture which is defined as a Type II fracture
complicated by an additional chip-fracture fragment at the
anterior or posterior aspect of the odontoid. This type of
fracture was observed to progress to non-union regardless of
the age of the patient, neurologic status or fracture
displacement. Therefore, surgical intervention for such
fractures was recommended.
However, there are many types of fracture patterns which are
classified as Type II fractures. Grauer et al. [11] proposed a
classification system for Type II fractures – Types II-A, II-B,
II-C, (Figure 2), which is treatment oriented.
Type IIA is deﬁned as a minimally or nondisplaced Type II
fracture with no comminution. These fractures are generally treated with external
immobilization.
Type IIB is a displaced fracture extending from anteriorsuperior to posterior-inferior, or a transverse fracture. These
fractures are to be treated with anterior screw ﬁxation
following fracture reduction, assuming adequate bone density.
Type IIC is a fracture line extending from anterior-inferior to
posterior superior or a fracture with signiﬁcant comminution.
These fractures are generally treated with posterior atlantoaxial
stabilization.

9].

A Type III fracture is seen in about 30% of the cases. It
extends into the vertebral body and are relatively stable unless
severely displaced [8, 9].
The Classification systems are helpful to decide the type of
treatment to be chosen. The Type I and Type II fractures can
be managed conservatively by immobilization with a collar or
a halo [10, 11], or surgically by anterior or posterior fixation [12 14]
. However, the treatment of Type II fractures yet does not
have a definite general agreement. The rate of union of the
fractures is negatively affected by age of the patient, the extent
of fracture displacement, commination of the fracture and
delay in diagnosis [15]. The decision to be made as to what
treatment needs to be chosen becomes difficult when a Type II
fracture extends inferiorly to consider a Type III fracture. Such
intermediate fractures have been referred to as ‘shallow’ or
‘high’ Type III fractures. Therefore, these fractures are
considered to be in a grey zone between Type II and Type III
fractures, for which some surgeons advice fixation as the
choice of treatment [14]. Thus, this difference in opinion leads
to confusion.
For this limitation, in order to distinguish Type II fractures
from Type III fractures, more precise definitions have been
suggested [11]. Type II fractures are those in which the fracture
is present between the inferior aspect of anterior C1 ring with
no extension into the superior articular facets of C2. Hence,
oblique fractures in the anterior / posterior plane with
minimum C2 vertebral body extension and no involvement of
the C2 facet are considered as Type II fractures. But, if the

Fig 2: Classification of Type II fractures by Grauer et al.

Treatment
As already described, there are many different types of
odontoid fractures and each type of fracture has its specific
treatment options and considerations. However, there are
general treatment considerations which have to be followed.
The medical comorbidities of the patient is the most important
consideration for developing a treatment plan. Elderly patients
are more prone to these fractures and the older population is
generally associated with decreased bone density, does not
tolerate halo immobilization well and surgical intervention is
less effective. These limitations therefore, alter the decision
making of the treatment choice in the older population. It has
been proved that when these fractures in population less than
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40 years of age are compared with population older than 65
years of age, following treatment, there was earlier mortality
by 35% in the elderly population [3, 5, 18, 19, 20]. Chronic medical
conditions like Diabetes Mellitus, Hypertension, Coronary
Artery Disease, Rheumatoid Arthritis, etc. have not beem
noted to be directly associated with increase in mortality,
though comparative information on this is limited [21]. To find
the right balance between fracture healing and treatment
complications, many factors need to be taken into account, as
mentioned earlier.
Treatment Options
Type II and Type III fractures can be conservatively managed
by rigid immobilization with halo vest or Minerva vest, or
non-rigid immobilization with cervical collar or cervicothoracic orthosis.
1. External Immobilization
Type II and Type III fractures can be conservatively managed
by rigid immobilization with halo vest or Minerva vest, or
non-rigid immobilization with cervical collar or cervicothoracic orthosis.
For Type II fractures, if collar immobilization is chosen as a
treatment option, occipital-cervical dislocation needs to be
excluded as a rule. This can be noticed effectively on a sagital
reformatted CT to assess the alignment of the facets/occipital
condyles or ny MRI to observe any edema at the occipitalcervical junction [22]. A posterior occipital-cervical fusion is
performed if these findings are observed [23-26]. Occipitalcervical dislocations are mostly stabilized surgically.
However, halo vest immobilization is considered if the
neurologic status of the patient is intact. This is however, not a
definite treatment, and close monitoring is definitely required
[27]
.
Collar immobilization can be chosen for treatment of Type III
fractures, although, immobilization with a halo vest may also
be considered [15, 28-31]. Nonetheless, if Type III fractures are
associated with anterior displacement, in order to prevent
further displacement and to achieve stability, internal fixation
may be required. Also, ‘shallow Type III’ fractures function
more like Tye II fractures and need internal fixation and
stabilization [32].
Type II odontoid fractures are generally less stable. As
compared to Type I and Type III fractures, the rate of union is
lower in Type II fractures. Immobilization externally with a
cervical collar has shown inconsistent results [29, 33]. The rates
of non-union are higher in Type II fractures because of higher
instability in the different patterns of this fracture. Decreased
vascularity at the base of the odontoid leading to delayed or
decreased healing potential may also be related to the higher
non-union rates in this type of fractures [34]. Though a number
of clinicians recommend halo vest immobilization for Type II
odontoid fractures [33], but, this choice of treatment is
associated with a significant rate of non-union observed in a
number of series, between the range of 26% to 80% [18,35,36,
29,32,37-40]. There are many factors which are associated
with increased non-union of Type II odontoid fractures, like,
displacement of posterior fracture, a displacement of 4-6 mm
and an angulation of 10 degrees, fracture comminution, malalignment of fracture during follow up, delayed treatment, and
patients older than 40-65 years [31, 38, 41, 42]. It has been shown
in many epidemiological and retrospective studies that the
elderly population has higher prevalence of type II odontoid
fractures [18, 19, 20, 43]. This fact makes it of particular concern as
treating Type II odontoid fractures with external

immobilization has increased incidence of non-union
[20,33,44,45]. Therefore, primary internal fixation has been
suggested in elderly patients with Type II odontoid fractures
[20, 33, 44, 45]
. Multiple studies have been performed which have
documented higher rates of complications like decreased
tolerance in the elderly patients, unstable pin fixation and
Broncho pulmonary difficulty. Also, external immobilization
such as a halo vest is not a good treatment option.
Complications like poor maintenance of reduction, wound
infection, pneumonia, Cerebra Spinal Fluid leakage and even
death, have been reported. After external immobilization, if a
stable non-union is achieved, the treatment becomes
controversial. Surgical stabilization to prevent a potential
catastrophic decline with a traumatic event may be considered
in young patients. In the elderly population, however, this may
pose to be an acceptable risk [38] against the rate of morbidity
due to surgical intervention.
2. Posterior Odontoid Stabilization
When external immobilization is ineffective, insufficient or
intolerable, surgical intervention needs to be considered to
treat odontoid fractures. In conditions in which a patient has
neurological deficit or a poly-trauma patient, this treatment
comes into play. The main goal of a posterior approach is to
achieve a solid fusion between C1 and C2. The main
disadvantages of this approach are: loss of rotational motion
after fusion at this cervical level and the morbidity associated
with this approach [46]. There are a number of techniques
available for stabilization of odontoid fractures by the
posterior approach. There has been a gradual evolution of
techniques from wire constructs to screw constructs which are
more stable. The first posterior C1-C2 wiring technique was
described by Galie [13]. In this technique, a single central wire
was placed in the sublaminar position, under the C1 ring and
around the C2 spinous process. The wire thus, provided
stability and helped to secure a structural autograft in position.
Later, another wiring technique was devised by Brooks and
JERKINS [14] in which bilateral sublaminar C1-C2 wires with
two structural autograft blocks were used (one on each side).
The Brooks construct was biomechanicaly [4] times more
stable than the Gallie fusion. Though this technique was
proven to achieve effective internal ixation of odontoid
fractures with higher fusion rates as compared to nonoperative treatment [28, 42, 47] this technique has many
disadvantages such has higher risk of injury to the spinalcord
during passage of the sublaminar wires and inability to use this
technique in cases of concurrent C1 arch fractures. The use of
transarticular screws is an alternative method of C1-C2
stabilization [48]. In this procedure, the upper cervical spine is
posteriorly exposed, screws are placed percutaneoulsy along
the isthmus of C2 and into the lateral mass of C1. The placing
of the screws percutaneously allows an appropriate screw
trajectory. In this procedure, an adjunctive posterior wiring
fixation is combined. On biomechanical point of view, there
has been a ten times increased rotational stiffness and lateral
bending stiffness in transarticular screw fixation compared
with that of the posterior wiring techniques [49,50]. As
compared to a halo vest, because of the increased stability,
these patients are treated with a collar after surgery. By this
protocol, the rates of fusion have almost approached to a 100%
[16, 48, 51, 52]
. There, however, are many limitations to this
procedure- adequate reduction of C1 on C2 prior to placement
of the screw, risk of injury to the vertebral artery and severe
bleeding from C2 pedicle surrounding dissection [53]. For
consideration of transarticular screws, an evaluation of CT
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scan preoperatively should be done to have sure that an
appropriate and safe screw trajectory exists. This can be
evaluated by parasagittal CT images. In order that the
limitations of transarticular screw fixation can be avoided,
Harms and Melcher [53] proposed another technique of screw
fixation using posterior C1 lateral mass and C2 pars polyaxial
screws. In this technique, after the placement of the screws,
adjustment of C1 reduction relative to C2 can be done before
application of a short rod contruct for securing the screws.This
procedure had no neurological, vascular or implant
complications, and produced a fusion rate of 100%.On
comparing the biomechanics of this procedure with bilateral
C1-C2 transarticular screws, there was a significantly
decreased motion in axial rotation as well as in lateral bending
in both the procedures [54]. In addition, there have been no
other significant differences between the transarticular screw
fixation and the Harms and Melcher methods.
3. Anterior Odontoid Fixation
The posterior techniques for odontoid stailization is commonly
needed for C1-C2 fusion, but, this causes the elimination of
about 50% of cervical rotation [46]. For this reason, an
alternative technique for the stabilization of Type II odontoid
fractures has been developed. This is named as the direct
osteosynthesis with anterior screw fixation [15, 46]. Though the
complete motion of C1-C2 is preserved or no still remains a
question 70. The direct anterior odontoid fixation was first
described by Bohler in 1982 [15], which has later on been
modified. Prior to surgery or intra operatively, the fracture has
to be reduced. Around the C5-C6 level, a standard low cervical
approach is made. In order to allow access to the C2-C3 disc
space, the prevertebral plane is then developed. The entry
point of the screw is at the anterior-inferior corner of the
endplae of C2, and this step is crucial in deciding the success
of this technique. To ensure an adequate trajectory of the
screw, which is very important, an entrance is made through
the C2-C3 disc space; although it is ideal to preserve the C2C3 disc space. Specially designed retractors and biplanar
fluoroscopy would be helpful in this process. Initially, two
screws were suggested, however, there has been no significant
difference in non unin rates or biomechanical stability between
the use of one or two screws [40, 55] .Also, it is difficult to safely
place two screws in a single odontoid. Therefore, for this
procedure, only a single screw is recommended [55]. Compared
to the posterior fixation, the anterior approach has many
distinct advantages. As already mentioned, the motion of C1C2 is spared in the anterior approach. This technique does not
require a bone graft, is less traumatic, and thus, decreases
postoperative morbidity. This method can also be used to treat
concomitant C1 ring fractures, provided the transverse
ligament is intact. Nonetheless, there are some conditions
when the anterior fixation cannot be used. Geometry of the
fracture is one such condition. This technique can be used only
for Type II odontoid fractures which are reducible and have
correct obliquity in order to allow compression across the
fracture region and to avoid displacement with lag screw
fixation (Grauer et al Type II-A injuries, previously described)
[56]
. Also, this approach should not be used in an osteoporotic
bone, a pathological fracture, or cases of non-union; as fixation
of screws and/or fracture healing will be impaired. Hence, in
the older population, as the bones will be osteoporotic, the
anterior approach should not be used and posterior approach
would be a better option. Patients with short and thick necks,
and with thoracic or cervical kyphosis; the appropriate
trajectory for placing the screws may not be achieved. Inspite

of all these contraindications, it has been documented by
multiple clinical studies that the rates of fusion of odontoid
fractures after the anterior fixation technique range between
83% to 100%, for the patient who has been appropriately
selected [11, 12, 32, 51, 57].
Conclusion
Odontoid fractures, commonly seen in the elderly population,
have been posing a challenge in the clinical practise. There are
different types of odontoid fractures. Type I and Type II
fractures have been able to be treated with simple collar
immobilization. But, Type II fractures have created a lot of
controversy on deciding the type of treatment to be chosen.
Though there have been advances in the types of fixation
techniques, yet, there is no ideal treatment option for the
different odontoid fractures to be treated. The lack of
consensus on the ideal treatment option for odontoid fractures
potentially reflects the reality that these fractures pose to be a
serious clinical problem. Because of this reason, a definite
decision cannot be made for treating this type of fracture. This
fact was highlighted in a study in which 35 experienced spine
surgeons were made to answer a questionnaire regarding the
specific treatment of different spinal injuries [56]. Though there
was a lot of commonality in the treatment options for the
majority of spine injuries, a Type II odontoid fracture would
be treated by the anterior approach by 50% of the spine
surgeons questioned and by posterior approach by the
remaining 50%. As of now, there have not been well
controlled trials and studies to describe the true merits and
demerits of the different treatment options; and hence, no
single ideal universal treatment option is yet proved for the
treatment of mainly Type II ododntoid fractures.
References
1. Malik SA, Murphy M, Connolly P, O'Byrne J. Evaluation
of morbidity, mortality and outcome following cervical
spine injuries in elderly patients. Eur Spine J. 2008 Apr.
17(4):585-91.
2. Vaccaro AR, Madigan L, Ehrler DM. Contemporary
management of adult cervical odontoid fractures.
Orthopedics 2000; 23:1109-13.
3. Hanigan WC, Powell FC, Elwood PW et al. Odontoid
fractures in elderly patients. J Neurosurg 1993; 78:32-5.
4. Marchesi DG. Management of odontoid fractures.
Orthopedics 1997; 20:911-6.
5. Ryan MD, Henderson JJ. The epidemiology of fractures
and fracture dislocations of the cervical spine. Injury
1992; 23:38-40.
6. Amar Patel, Harvey EBS. Smith MD, Kris Radcliff, Navin
Yadlapalli MD, Alexander R et al. Odontoid Fractures
With Neurologic Deficit Have Higher Mortality and
Morbidity. 2011 Aug 10. doi: 10.1007/s11999-011-19948.
7. Anderson LD, D’Alonzo RT. Fractures of the odontoid
process of the axis. J Bone Joint Surg Am 1974; 56:166374.
8. Grauer JN, Shaﬁ B, Hilibrand AS et al. Proposal of a
modiﬁed, treatment-oriented classiﬁcation of odontoid
fractures. Spine J 2005; 5:123-9.
9. Bohler J. Anterior stabilization for acute fractures and
nonunions of the dens. J Bone Joint Surg Am 1982;
64:18-27.
10. Anderson LD, D’Alonzo RT. Fractures of the odontoid
process of the axis. J Bone Joint Surg Am 1974; 56:1663–
74.

~ 13 ~

National Journal of Clinical Orthopaedics

11. Grauer JN, Shaﬁ B, Hilibrand AS et al. Proposal of a
modiﬁed, treatment-oriented classiﬁcation of odontoid
fractures. Spine J 2005; 5:123-9.
12. Geisler FH, Cheng C, Poka A et al. Anterior screw
ﬁxation of posteriorly displaced type II odontoid fractures.
Neurosurgery. 1989; 25:30-7.
13. Gallie WE. Fractures and dislocations of the cervical
spine. Am J Surg. 1939; 3:495-9.
14. Brooks AL, Jenkins EB. Atlanto-axial arthrodesis by the
wedge compression method. J Bone Joint Surg Am 1978;
60:279-84.
15. Bohler J. Anterior stabilization for acute fractures and
nonunions of the dens. J Bone Joint Surg Am 1982;
64:18-27.
16. Coyne TJ, Fehlings MG, Wallace MC et al. C1–C2
posterior cervical fusion: Long-term evaluation of results
and efﬁcacy. Neurosurgery 1995; 37:688-92.
17. Hadley MN, Browner CM, Liu SS et al. New subtype of
acute odontoid fractures (type IIA). Neurosurgery 1988;
22:67-71.
18. Pepin JW, Bourne RB, Hawkins RJ. Odontoid fractures,
with special reference to the elderly patient. Clin Orthop
Relat Res. 1985; 193:178-83.
19. 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. 1995; 8:166-9.
20. Muller EJ, Wick M, Russe O et al. Management of
odontoid fractures in the elderly. Eur Spine J. 1999;
8:360-5.
21. Lennarson PJ, Mostafavi H, Traynelis VC et al.
Management of type II dens fractures: A case-control
study. Spine. 2000; 25:1234-7.
22. Govender S, Vlok GJ, Fisher-Jeffes N et al. Traumatic
dislocation of the atlanto-occipital joint. J Bone Joint Surg
Br 2003; 85:875-8.
23. Grob D. Transarticular screw ﬁxation for atlanto-occipital
dislocation. Spine. 2001; 26:703-7.
24. Sponseller PD, Cass JR. Atlanto-occipital fusion for
dislocation in children with neurologic preservation. A
case report. Spine. 1997; 22:344-7.
25. Hosono N, Yonenobu K, Kawagoe K et al. Traumatic
anterior atlantooccipital dislocation. A case report with
survival. Spine. 1993; 18:786-90.
26. Bundschuh CV, Alley JB, Ross M et al. Magnetic
resonance imaging of suspected atlanto-occipital
dislocation. Two case reports. Spine 1992; 17:245-8.
27. Papadopoulos SM, Dickman CA, Sonntag VK et al.
Traumatic atlantooccipital dislocation with survival.
Neurosurgery 1991; 28:574-9.
28. Maiman DJ, Larson SJ. Management of odontoid
fractures. Neurosurgery. 1982; 11:471-6.
29. Dunn ME, Seljeskog EL. Experience in the management
of odontoid process injuries: An analysis of 128 cases.
Neurosurgery 1986; 18:306-10.
30. Fujii E, Kobayashi K, Hirabayashi K. Treatment in
fractures of the odontoid process. Spine. 988; 13:604-9.
31. Hadley MN, Dickman CA, Browner CM et al. Acute axis
fractures: A review of 229 cases. J Neurosurg 1989;
71:642-7.
32. Aebi M, Etter C, Coscia M. Fractures of the odontoid
process. Treatment with anterior screw ﬁxation. Spine
1989; 14:1065-70.
33. Ziai WC, Hurlbert RJ. A six year review of odontoid
fractures: The emerging role of surgical intervention. Can

J Neurol Sci. 2000; 27:297-301.
34. Govender S, Maharaj JF, Haffajee MR. Fractures of the
odontoid process. J Bone Joint Surg Br. 2000; 82:1143-7.
35. Hanssen AD, Cabanela ME. Fractures of the dens in adult
patients. J Trauma. 1987; 27:928-34.
36. Schweigel JF. Management of the fractured odontoid with
halo-thoracic bracing. Spine. 1987; 12:838-9.
37. Glaser JA, Whitehill R, Stamp WG et al. Complications
associated with the halo-vest. A review of 245 cases. J
Neurosurg 1986; 65:762-9.
38. Hadley MN, Browner C, Sonntag VK. Axis fractures: A
comprehensive review of management and treatment in
107 cases. Neurosurgery. 1985; 17:281-90.
39. Lesoin F, Autricque A, Franz K et al. Transcervical
approach and screw ﬁxation for upper cervical spine
pathology. Surg Neurol 1987; 27:459-65.
40. Sasso R, Doherty BJ, Crawford MJ et al. Biomechanics of
odontoid fracture ﬁxation. Comparison of the one- and
two-screw technique. Spine 1993; 18:1950-3.
41. Clark CR, White AA. III. Fractures of the dens. A
multicenter study. J Bone Joint Surg Am. 1985; 67:13408.
42. Apuzzo ML, Heiden JS, Weiss MH et al. Acute fractures
of the odontoid process. An analysis of 45 cases. J
Neurosurg 1978; 48:85-91.
43. Ryan MD, Henderson JJ. The epidemiology of fractures
and fracture dislocations of the cervical spine. Injury
1992; 23:38-40.
44. Garﬁn SR, Botte MJ, Waters RL et al. Complications in
the use of the halo ﬁxation device. J Bone Joint Surg Am
1986; 68:320-5.
45. Lind B, Nordwall A, Sihlbom H. Odontoid fractures
treated with halo-vest. Spine 1987; 12:173-7.
46. Apfelbaum RI, Lonser RR, Veres R et al. Direct anterior
screw ﬁxation for recent and remote odontoid fractures. J
Neurosurg 2000; 93:227-36.
47. Sherk HH, Snyder B. Posterior fusions of the upper
cervical spine: Indications, techniques, and prognosis.
Orthop Clin North Am 1978; 9:1091-9.
48. Jeanneret B, Magerl F. Primary posterior fusion C1/2 in
odontoid fractures: Indications, technique, and results of
trans articular screw ﬁxation. J Spinal Disord 1992; 5:46475.
49. Montesano PX, Juach EC, Anderson PA et al.
Biomechanics of cervical spine internal ﬁxation. Spine
1991; 16:S10-6.
50. Grob D, Crisco JJ III, Panjabi MM et al. Biomechanical
evaluation of four different posterior atlantoaxial ﬁxation
techniques. Spine 1992; 17:480-90.
51. Dickman CA, Foley KT, Sonntag VK et al. Cannulated
screws for odontoid screw ﬁxation and atlantoaxial
transarticular screw ﬁxation. Technical note. J Neurosurg
1995; 83:1095-100.
52. Dickman CA, Sonntag VK. Posterior C1–C2 transarticular
screw ﬁxation for atlantoaxial arthrodesis. Neurosurgery
1998; 43:275-80.
53. Harms J, Melcher RP. Posterior C1–C2 fusion with
polyaxial screw and rod ﬁxation. Spine 2001; 26:2467-71.
54. Melcher RP, Puttlitz CM, Kleinstueck FS et al.
Biomechanical testing of posterior atlantoaxial ﬁxation
techniques. Spine 2002; 27:2435-40.
55. Jenkins JD, Coric D, Branch CL Jr. A clinical comparison
of one- and twoscrew odontoid ﬁxation. J Neurosurg
1998; 89:366-70.
56. Grauer JN, Vaccaro AR, Beiner JM et al. Similarities and

~ 14 ~

National Journal of Clinical Orthopaedics

differences in the treatment of spine trauma between
surgical specialties and location of practice. Spine 2004;
29:685-96.
57. Esses SI, Bednar DA. Screw ﬁxation of odontoid fractures
and nonunions. Spine. 1991; 16:483-5.

~ 15 ~

