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Abstract
Background: Cervical trauma is a common cause of disability following spinal cord injury especially in athletic
populations. The biomechanics in the atlantoaxial joint carry more than 50% of the rotational movement which
can be affected in transverse ligament tear associated with odontoid fracture type II. Odontoid fracture type II is
considered an unstable fracture with a high rate of nonunion in conservative treatment. Limitation of the odontoid
screws in some cases gives the chance of posterior cervical fixation to have the superior role. Use of polyaxial screws in
Harms technique gives the best results in maintaining majority of the biomechanics.
Purpose: Our aim in this study is to evaluate Harms technique in patients regarding pain improvement and restoration
of the motor power and to report the complications.
Study design: This is a retrospective case series study. We used the Frankel grading system to evaluate the
postoperative neurological state.
Patient and methods: Between January 2015 and January 2018, 12 patients were introduced to the neurosurgical
department at the Sohag University Hospital with post-traumatic type II odontoid fracture with failure of conservative
treatment and not suitable for anterior odontoid screws. All patients underwent full laboratory, medical, and neurological
evaluation and imaging study on the cervical spine. All patients underwent posterior cervical fixation C1–C2 by polyaxial
screw Harms technique.
Results: Male ratio was predominant in our study: 75% with a mean age 34.4 years. Neck pain with limitation of the
neck movement was the complaint for the all cases. Three cases came with neurological affection. Postoperative
superficial infection reported in one patient; no vertebral artery or neural injuries were noticed in our study.
Conclusion: Harms technique C1–C2 fixation is a valuable choice in patients with type II odontoid fracture with failure
of conservative treatment or not suitable for odontoid screw. Harms technique gives us the highest preservation of the
biomechanics among the other posterior approaches.
Trial registration: NCT03768843.
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Introduction
The atlantoaxial C1–C2 joint considered an important
articulation that gives about 50% of the cervical rotation
around the odontoid process. Odontoid fractures are defined as a fracture at the dens of the C2 cervical spine.
They account for 20% of all cervical spine fractures [1].
In 1974, Anderson and D’Alonzo published the most
commonly accepted classification for odontoid fractures.
They classified the odontoid fractures into three categories
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depending on the site of the fracture line. Type I is a rarely
occurring fracture of the apical portion of the odontoid
process. Type II is the commonest type of dens fracture.
The fracture line involves the junction of the body of the
dens with the body of the axis. Sometimes, type II fracture
is associated with a comminuted fragment at the base of
the dens called the type II A variety of fracture; this fracture is markedly unstable. Type III is a fracture extending
into the body of the axis [2–4].
Type II odontoid fractures are the commonest type
representing about 65–74% of the odontoid fractures.
These fractures have similar biomechanical properties as
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Table 1 Frankel grading classification
Classification

Description

A

Complete motor and sensory loss

B

Complete motor loss, incomplete sensory loss

C

Incomplete motor loss, of no practical use

D

Incomplete motor loss, able to ambulate with or without
walking aids

E

No neurological symptoms or signs

transverse ligament injuries with loss of the translational
restriction of C1 on C2, creating the potential risk for
spinal cord injury and severe late craniocervical deformities when healing is not obtained [2–6].
Odontoid fracture type II is found to have high incidence of nonunion after the conservative management,
especially in elderly patients (over 50 years) [5]; so, surgical treatment is recommended. Surgical strategies for
treating odontoid fracture type II include direct anterior
odontoid screw fixation (AOSF) and posterior cervical
instrumented fusion (PCIF) each with unique indications
and contraindications[5, 7] .
In this paper, our aim is to report our experience in
management of patients with odontoid fracture type II
treated by a posterior C1 lateral mass-C2 fixation Harms
technique screw road system.

Material and method
After approval of the Research Ethics Committee, 12
patients with post-traumatic odontoid fracture type II
were scheduled in our Neurosurgery Department at the
Sohag University Hospital for atlantoaxial fusion using
polyaxial C1 lateral mass and C2 pedicle screws between
January 2015 and January 2018.

Fig. 1 Identification of the entry point of C1–C2 Harms technique

Fig. 2 X-ray shows odontoid view of odontoid fracture type II

Patients included in our study are as follows:

a) C1–C2 displacement that needs intraoperative
reduction
b) Short neck not suitable for anterior odontoid screw
c) Osteoporotic patients
d) Odontoid fracture associated with suspected
transverse ligament tear
e) Oblique line of fracture
f ) Failure of union after conservative treatment
Frankel grading classification was used for all patients
for a complete pre- and postoperative neurological assessment (Table 1).
Preoperative radiological assessment using cervical
plain radiographs, computed tomography (CT) scan, and
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Fig. 3 MRI cervical spine and coronal 3D CT shows odontoid fracture type II

magnetic resonance imaging (MRI) was done in all
cases. Immediate postoperative cervical plain radiograph
was done for all patients and then after 6 months to assess the fusion which means fusion in two subsequent
vertebrae with no motion in between. Iliac bone graft
was placed posterolaterally to reach fusion.
Surgical technique

Under general anesthesia with patient positioned prone
using a Mayfield head holder, the neck was kept neutral
with the head in the “military tuck” position. Both arms
were tucked in at the sides and the shoulders retracted
caudally using tape. Reduction may be performed by
gentle traction, especially in acute cases. The final reduction must be confirmed using a C-arm. This involves
soft tissue release (ligaments, capsule, and scar tissues
found in delayed presentation) followed by gentle manipulation. If not achieved or in more delayed cases, surgical reduction is indicated.
A skin incision was made in the midline extending
from the inion to C3. Subperiosteal dissection of the
paraspinal muscles was done bilaterally to expose the
lateral margins of the facet joints at the C2–3. At C1,
dissection was continued laterally over the posterior arch
of C1 reaching the vertebral groove and exposing the
vertebral artery.
Bleeding from the perivertebral venous plexus at this
point should be controlled by hemostatic agents and bipolar diathermy. Identification and inferior mobilization
of the C2 root was done to cleat the entry points of our
polyaxial screw.
Exposure of the lateral mass of C1 and identifications of
its borders was performed by a blunt micro dissector and
Table 2 Gender distribution

we used the medial border of the transverse foramen as it
serves as our lateral limit. The entry point of the screw
was identified as 3 to 5 mm lateral to the medial wall of
the lateral mass, at the junction of the lateral mass and
inferior aspect of the C1 arch. Trajectory should be 16°
medially targeting towards the anterior tubercle and 20° in
cephalic direction (Fig 1). C2 pars/pedicle screw entry
should be achieved by identification of the upper and
lower surface of the articular surface then 3–4 mm cephalic and laterally to the midpoint of the C2–3 facet line
with a trajectory of 10° medial and 25–30° cephalic [8].
We inserted the rod, and with the rod in place, the set
screws can be inserted (torque and anti-torque) to
tighten the construct and fix the rod with the polyaxial
screws. Posterolateral fusion should be enhanced by putting bone graft between the laminar arches. Hard collar
should be held postoperatively for 6–8 weeks in osteoporotic patients to aid in neck support. Reduction can
be done using a towel forceps before tightening the rod.

Results
Twelve patients with odontoid fracture type II, Figs. 2 and
3 associated with atlantoaxial instability were studied. Of
Table 3 Postoperative complications
Complication

Number

Percentage

Vertebral artery injury

0

0.0

Root injury

0

0.0

Dural tear

0

0.0

CSF leak

0

0.0

Superficial infection

1

8.3

Deep infection

0

0.0

Screw pull out

0

0.0

Gender

Male

Female

Neurological deterioration

0

0.0

Number

9 (75%)

3 (25%)

Nonunion

0

0.0
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Table 4 Improvement in neurological condition using the
Frankel grading system
Frankel grading

Preoperative

Postoperative

Grade A

(no function)

0

0

Grade B

(sensory only)

0

0

Grade C

(some sensory and motor
preservation)

0

0

Grade D

(useful motor function)

3

0

Grade E

(normal function)

9

12

Chi square = 3.429, p value = 0.489 (NS)

them, nine were males (75%) and three (25%) were females (Table 2).
The mean age at the time of surgery was 34.67 ±
11.50 years (range 16–65 years). Modes of trauma
were road traffic accident (83.3%) and falling from
heights (16.7%). The main complaint with our patients was neck pain with limitation of the rotatory
movement. Neurological deficit was noted in three
patients and was grade D in the Frankel grading system. There was no intraoperative neural or vascular
injury (Tables 3 and 4). Only surgical site infections
occur in one case that improved with use of
broad-spectrum antibiotics. Neck pain was regressed
in all patients and assessment was performed using
the Quebec scale (Table 5), while limitation of neck
movement was restored regarding lateral bending in
all patients with more than 80% on each side while
still there was limitation of flexion-extension and axial
rotation in all patients (Figs. 4, 5, 6, 7, 8 and 9).
Preoperative neurological deficit was noted in three
cases (25%) and was grade D in Frankel classification;
the remaining cases were grade E (neurologically intact). The affected three patients showed postoperative improvement to grade E in the Frankel grading
system (Fig 10).
Postoperative follow-up by plain cervical radiography
for all patients revealed that satisfactory screw placement and reduction were achieved in all patients with
no detectable hardware or implant failure. Union was
obtained in all patients with an average time of
4 months.

Fig. 4 Postoperative cervical spine AP and lateral views with
C1–C2 fixation

Discussion
The unique anatomical articulation of the C1–C2 complex
allows for a wide range of motion predominantly rotational motion than any other single level in the remaining
cervical spine. The transverse ligament plays the main role
in limitation of the translation movement at the C1–C2

Table 5 Assessment of pain on daily activities using the
Quebec scale among our patients
Quebec scale

Preoperative

Postoperative

Severe (98–80)

7

5

Moderate (40–79)

3

1

Mild (below 40)

2

6

Paired t test = 8.733, p value < 0.001 (highly significant)

Fig. 5 Cervical CT and MRI shows odontoid fracture type II
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Fig. 6 Intraoperative insertion of lateral mass C1 screws and C2 pars screws under a C-arm guide

complex, which can be lost in cases of odontoid fracture
type II associated with ligamentous tear causing anteroor retrolisthesis of the C1–C2 complex in relation to the
C2 body with subsequent spinal cord compression producing severe neurological deficits [2].
In type II odontoid fracture, the union rate is related
directly to the strategy of treatment. Conservative management with a cervical collar or halo vest has a high

Fig. 7 Postoperative cervical spine X-ray

nonunion rate that can reach 40% [9]. Thus, surgical
treatment of odontoid fracture type II has the cornerstone role for management, especially in elderly patients
and those that have a higher risk for nonunion [9].
Anterior odontoid screw placement is considered as an
optimum surgery in fresh cases; however, in osteoporotic
patients, short neck, C1–2 displacement, and oblique
line of fracture, or patients with failure of union after
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Fig. 8 CT cervical spine shows preoperative assessment of odontoid
fracture type II

conservative management, posterior cervical C1–C2 fixation became the optimum management. Surgical treatment with posterior cervical instrumented fusion (PCIF)
increases the fusion rate to more than 80% in many patient series [9].
Posterior cervical instrumented fusion (PCIF) C1–C2
fixation is a commonly used procedure in the management of odontoid type II fracture especially in cases associated with significant displacement of the fractured
segment and avulsion of the transverse ligament and
cases associated with C1 Jefferson fracture who are not
amenable for anterior odontoid screw [10].
Different ways for a posterior approach are described.
Gallie, Brooks et al., and Sonntag et al. techniques aimed to
put a bone graft between the posterior arch of C1 and the
C2 lamina with sublaminar wiring. These procedures have
a satisfactory fusion rate of about 74% but there is a loss of
the normal C1–2 rotatory motion that is responsible for
50% of the cervical spine rotation and limitation by 10%
for the cervical flexion-extension movement [11–15].
Magerl in 1986 introduced a transarticular atlantoaxial
screw fixation with a high biomechanical stability with superiority upon the wiring technique in the fusion rate.
However, in cases associated with atlantoaxial dislocation
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Fig. 9 X-ray cervical spine AP and lateral shows the
postoperative result

or subluxation with loss of C1–C2 alignment, drawbacks
will appear with a high difficulty of transarticular screw
trajectory [16–21].
The Goel technique, in which C1–2 intraarticular
spacers are used, may be performed to restore stability to
a disrupted atlantoaxial complex by placing polyaxial
screws and plates [22]. In 2001, Harms described a new
way for atlantoaxial stabilization that could bypass the
limitations found in both the previous wiring posterior
fixation and the transarticular screws in cases associated
with C1–C2 alignment loss and posterior arc involvement.
Harms developed Goel’s work on atlantoaxial screw
fixation by a technique based on lateral mass polyaxial
screw in C1 and pars or pedicle polyaxial screw in C2.
This technique showed biomechanical results that are
comparable to those with Magerl’s technique [23, 24].
With surgeons with good expertise and well-equipped
operative rooms, Harms technique shows less intraoperative complications with satisfactory postoperative biomechanics results [23].
Comparable to our results for the postoperative complications, we achieved results that were nearly achieved
in previous series using the same technique. There was
no injury for the neural element or the vertebral artery
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Fig. 10 Improvement in neurological condition using the Frankel grading system

among all cases; however, vertebral artery injuries were
reported in 10% of literature [23–25]. Limitation in pedicle screw was reported in literature, including vertebral
artery injuries especially in congenital anomalies in the
course of arteries including the high right vertebral artery and we can overcome that by performing preoperative 3D angiography [24].
In 2011, Park et al. showed there were good unions
for all cases in his series for C1–C2 posterior fixation
after odontoid fracture type II. There was limitation
in the rotatory movement after fixation and fusion by
about 20% [26]. In our series, the limitation in the
rotatory movement can reach about 17% for each side
in lateral bending, thanks to a wide range allowed by
the polyaxial screws. However, recent studies began to
solve this issue by a temporary fixation of C1–C2 for
6 months then removing the screws to maintain the
rotatory movement [26].
A remarkable limitation in our study is that we
depended on postoperative X-ray in the evaluation of fusion which is considered not sufficient in other literature, and CT cervical spine is more accurate in the
assessment of postoperative fusion [27].

Conclusion
Posterior cervical C2-C2 Harms technique fixation in
the management of odontoid fracture type II gives
immediate rigid fixation with biomechanics superior
than that of the sublaminar wiring and transarticular
screws. Intraoperative reduction can be done by manipulating the screws. Preoperative CT angiography
is a mandatory investigation to rule out any abnormalities in the vertebral artery, avoiding fatal
complications.
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