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Abstract Introduction: The occipitocervical junction presents a unique, complex, biomechanical
interface between the cranium and the upper cervical spine. Occipitocervical fixation has undergone
significant evolution due to advances in operative techniques and instrumentation techniques.
Objective: This study was done to evaluate clinical picture, radiographic findings and results of
occipitocervical fusion in 10 patients with craniocervical instabilities. Also to compare these results
with other results reported in the literature.

Methods: This retrospective study reviewed 10 patients who underwent occipitocervical fixation for
craniocervical instabilities between April 2007 and October 2010 in Alexandria hospitals. There
were 7 males and 3 females and their ages ranged from 16 to 63 years with mean age of 42.1 years.
As regards the clinical presentation, all patients had presented with neck pain before surgery, 8
patients (80%) with myelopathy, and 8 patients (80%) had presented with a neurological deficit
either motor or sensory or both. The etiologies of occipitocervical instability in this study were
trauma in three patients, rheumatoid arthritis in three patients, tumor in two patients and Down
syndrome in two patients. All patients had preoperative craniocervical plain X-ray, CT and MRI
examination. All patients underwent occipitocervical fixation surgery with various fixation systems
and autologous bone grafts for fusion. Fusion was assessed by plain cervical X-ray films and CT
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scan, and the neurological outcome by Frankel grade. The mean follow-up period was 14.7 months
(range, 4-24 months) including both clinical and radiological examinations.

Results: There were no operative mortalities or vascular injuries in this series. Two patients showed
transient neurological deterioration postoperatively that had resolved within three months. Two
cases had superficial wound infection and one case had cerebrospinal fluid leak. The mean opera-
tion time was 207 min (range 130-320 min) and the mean volume of blood loss was 354 mL (range
120-750 mL). Neck pain improved in all patients and no new instability developed at adjacent lev-
els. Regarding the Frankel grade, five patients had shown improvement (Three patients improved
from Frankel grade C to grade D, one patient from grade A to grade B and one patient from grade
D to grade E), while five patients remained stationary at the same grade. At the last follow-up
examination period, a solid fusion was achieved in nine patients out of ten (90%).

Conclusion: Occiptocervical fixation is indicated in the management of craniocervical instabilities
resulting from trauma, rheumatoid arthritis, tumors and congenital anomalies of the craniocervical
junction. Accurate imaging studies and proper patient selection are the keys to a successful out-
come. Occipitocervical fusion procedures can be performed with low morbidity. A comprehensive
knowledge of the anatomy of the occipital-cervical junction is imperative. A wide variety of stabil-
ization techniques and instrumentation systems are currently available, each of which has its own
advantages and disadvantages.

© 2011 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.

1. Introduction

The occipitocervical junction presents a unique, complex, bio-
mechanical interface between the cranium and the upper cer-
vical spine.! Occipitocervical fusion is performed primarily in
craniocervical instability due to congenital and post-trau-
matic deformities, infections, tumors and inflammatory con-
ditions.>™

Occipitocervical instability may manifest as disabling pain,
cranial nerve dysfunction, paralysis, or even sudden death. Sta-
bilization and fusion is required to prevent these complica-
tions. Occipitocervical fusion and instrumentation is a
technically challenging procedure that can be accomplished
successfully with careful attention to local anatomy and work-
ing knowledge of the various fixation options. The aim in
occipitocervical fixation is to avoid injuring the nerve root,
the spinal cord and the vertebral artery, and to obtain rigid fu-
sion.!® Absence or hypoplasia of the occipital bone and co
morbidities that would prevent an operative procedure or the
prone positioning are contraindications for occipitocervical
fusion.?

Occipitocervical fixation has undergone significant evolu-
tion due to advances in operative techniques and instrumenta-
tion techniques. This procedure has evolved from simple
autograft on lay fusion techniques to sublaminar wiring tech-
niques and, most recently, rigid occipital plating with bicorti-

cal screws connected via rods to atlantoaxial or subaxial
screw fixation.>!'"!7

This study was aimed to evaluate clinical picture, radio-
graphic findings and results of occipitocervical fusion in 10 pa-
tients with craniocervical instabilities. Also to compare these
results with other results reported in the literature.

2. Methods

This retrospective study was carried out on 10 patients who
underwent occiptocervical fixation in Alexandria hospitals be-
tween April 2007 and October 2010. Their medical records and
imaging studies were reviewed. There were 7 males and 3 fe-
males and their ages ranged from 16 to 63 years with mean
age of 42.1 years.

As regards the clinical presentation, all patients had pre-
sented with neck pain before surgery, 8 patients with myelop-
athy, and 8 patients had presented with a neurological deficit
either motor or sensory or both (Frankel classification of these
10 patients are shown in Table 1).

The etiologies of occipitocervical instability in this study
were trauma in three patients, rheumatoid arthritis in three pa-
tients, tumor in two patients and Down syndrome in two pa-
tients. All cases had preoperative craniocervical plain X-ray,
CT and MRI examination. Preoperative traction was per-
formed in two patients; one patient with trauma and the other

Table 1 Frankel classification of 10 patients with occipitocervical instability.

Frankel grade

No. of cases

Preop. Postop.
A = complete paralysis 1
B = sensory function only below the injury level 1 2
C = incomplete motor function below injury level 3
D = fair to good motor function below injury level 3 5
E = normal function 2 3




Table 2 Summary data of 10 patients who underwent occiptocervical fixation.

No Age Sex Clinical picture Etiology Radiological findings Preop. tractin Extent of = Technique of Postoperative ~ Frankel grading Fusion
Neck Myel- N D fixation surgery complications  scale preop/ time (ms)
pain opathy postop

Follow up (months)
1 48 M aF 4F 4F Tumour Cl C2 Co+C2- C Wound C->DI2m 6
erosion + spinal C5 1Laminectomy infection
compression Wire rod system
2 57 F . 4 + Tumour Cl C2 Co+ C3- ClC2 Neurological C—>DI10m 4
erosion + spinal C5 laminectomy deficit
compression Rod-screw
system
(C3,4,5 lateral
mass)
3 63 M IF RA AAS + SMO + SAS CO0 + C3 + C5 Rod-screw E—E
system 6m
(C3,5 lateral
mass)
4
4 54 F + RA AAS + SMO + SAS C0 + Cl- Wire — rod E—E I8m 5
C4 system
5 41 M 4 & I RA AAS + SMO + SAS + C0 + Cl- Rod-screw Wound D—E4m
C4 system (C1,3,4 infection
lateral
mass + C2
pedicle)
+ TO
6 16 M F S 4 Down AAS + AOD C0-C2 Sublaminar wire Neurological D—->D24m 8
Syndrome deficit
7 28 M . 4 Down AAS + AOD C0-C2 Sublaminar D—>D 16m 8
Syndrome cable
8 35 M 4 4 S Trauma AAS + C2 fracture 4 C0 + Cl + C3 Sublaminar wire A—B
(pedicle + lamina) 20 m
7
9 54 F aF 4F 4F Trauma AAS + C2C3 C0-C3 C1 laminectomy CSF leak C->D2m 5
Sublaxation Rod-screw
. + fracture system
C1 posterior arch (Cl + C3
lateral
mass + C2
pedicle screw)
10 25 M & 4 A Trauma AAS + fracture CO0 + C2- Rod-screw B—>BI5m 6
C1 lateral mass C3 system (C2
pedicle + C3

lateral mass)

SAS, subaxial sublaxation; AOD, atlanto-occipital dislocation; ND, neurological deficit; AAS, atlantoaxial subluxation; RA, rheumatoid arthritis; Preop, preoperative; postop, postoperative; C,
cervical; C0, occiput; m, months; TO, Transoral odontoidectomy; SMO, superior migration of odontoid.
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with rheumatoid arthritis. All patients wore rigid neck collar
postoperatively until fusion was achieved.

All patients underwent occipitocervical fixation surgery
with various fixation systems and autologous bone grafts for
fusion. All patients received awake intubation, and the surgical
position was prone. The incisions were at midline, from exter-
nal occipital protuberance to cervical area. After adequate
exposure of suboccipital and posterior cervical areas, The
methods used for occipitocervical fixation included; sublami-
nar wires and cables in three cases, wire-rod system in two
cases and screw-rod system in five cases.

Cervical laminectomy was done in three cases depending on
the clinical and radiological findings. Finally, the autologous
bone grafts harvested from posterior iliac crest were put be-
tween C1 and C2 or posterolaterally. Transoral decompression
was performed in one patient with basilar invagination due to
rheumatoid arthritis prior to the posterior fixation procedure.

The Frankel grade (Table 1) was used to assess neurological
outcome postoperatively. Fusion was assessed by plain cervical
X-ray films and CT scan. Fusion was defined as successful if 2
criteria were met: (1) there was no relative movement between
the fused motion segments in dynamic views of cervical X-ray;
(2) the bone grafts became a uniform bone mass in imaging
studies. The mean follow-up period was 14.7 months (range,
4-24 months).

Summary data for these 10 patients are listed in Table 2

3. Results

The most common pattern of occipitocervical instability in this
study was atlantoaxial sublaxation observed in eight patients
(80%). Subaxial cervical instability was associated to occipito-
cervical instability in four cases (40%). In the present study,
occipitocervical fixation was performed from occiput to C2
in two cases, occiput to C4 in two cases, occiput + C3 to C5
in one case, Occiput + C3 + C5 in one case, occi-
put + C1 + C3 in one case, occiput + C2 + C3 in one case,
occiput + C2 to C5 in one case, and occiput to C3 in one case
(Table 2). The mean operation time was 207 min (range 130—
320 min) and the mean volume of blood loss was 354 mL
(range 120-750 mL).

Perioperative mortalities and morbidity

There were no operative mortalities or vascular injuries in this
series. Two patients showed transient neurological deteriora-

tion postoperatively that had resolved within three months.
Two cases had superficial wound infection; one of them re-
sponded to antibiotic treatment and the other required surgical
debridement. CSF leak occurred in one case that stopped with
conservative measures in the form of lumbar puncture and
diuretics.

Outcome of cases

Patients with preoperative complaint of neck pain respond well
to surgery with complete resolution in all cases (100%). On
contrast only 37.5% of the patients with myelopathic manifes-
tations had improved (three patients out of eight). At the last
follow up postoperative examination period, five patients had
improved (Three patients improved from Frankel grade C to
grade D, one patient from Frankel grade A to grade B and
one patient from Frankel grade D to grade E), while five pa-
tients remained stationary at the same Frankel grade (Table 3).
No new instability developed at adjacent levels in the follow-
up radiographs. A solid fusion was achieved in nine patients
out of ten (90% of the cases). The mean fusion time of these
9 patients was 5.3 months (range, 4-8 months).

4. Discussion

The craniocervical junction is the most mobile of the upper
cervical spine especially in children. It is uniquely adapted
for stability and motion.'® Occipitocervical instability may be
caused by trauma, rheumatoid arthritis, neoplastic disease,
inflammatory disease and congenital anomalies. The common
result of occipitocervical instability is cervicomedullary neural
tissue compression, with development of symptoms and signs
of cervical radiculomyelopathy and brain stem compression
as well as deformities of the craniocervical region.'®* The
solution to occipitocervical instability is occipitocervical fixa-
tion with bone fusion. The goals of occipitocervical fixation
are regaining normal alignment, ensuring adequate neural tis-
sue decompression and achieving structural stability. Occipito-
cervical fixation is a challenging field in spinal surgery. Many
techniques for occipitocervical fixation had been reported in
the literature®>' 2’ using various internal fixation instruments.

This study focused on occipitocervical fixation whether
traumatic or non traumatic. Similar reports in the literature
were found to be matching with this study as Hsu et al.?’, Ogi-
hara et al.’®, and Song et al.3' series, while other reports were
focused either on traumatic cases alone as Lee et al.** series or

Table 3 Outcome of patients in relation to the etiology and the technique of fixation.

Outcome Cases Surgical technique Etiology
No. % Instrumentation No. Rheumatoid arthritis Trauma Tumour Down syndrome

Improved 5 50 Sublaminar wire and cable 1

Wire-rod system 1 1

Rod screw system 3 1 1 1
Stationary 5 50 Sublaminar wire and cable 2 2

Wire-rod system 1 1

Rod screw system 2 1 1
Deteriorated 0 0
Total 10 10 3 3 2 2
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Figure 1 (A) Preoperative plain-Xray cervical spine (lateral
view) showing traumatic atlantoaxial sbaxation. (B) Preoperative
CT scan (sxial view) showing fracture of both anerior and
posterior arch of Atlas. (C) Preoperative MRI T2 weighted image
(sagittal view) showing ligamentos injry and swelling of preverte-
bral tisse at the atlatoxial region. (D) Postoperative plain X-
raycervical spine (lateral view) and (axial view) showing ocipito-
cervical fixation (COC2C3).

non traumatic cases as in Bongartz et al.*> and Motosuneya
et al.** series.

Like the previously published series neck pain was a
main presenting symptom in all cases of occipitocervical insta-
bility. Neurological deficit (motor, sensory or both) and mye-
lopathy were also found to be a common clinical presentation
in this study (80% with neurological deficit and 80% with mye-
lopathy). Although cranial nerve deficit and ventilation
impairment were not a presenting feature in this series, oth-
ers'® had reported in their cases.

Trauma and rheumatoid arthritis were the most frequent
causes of occipitocervical instability in this study (three cases
each) followed by tumor and Down syndrome (two cases
each). This was consistent with what was reported by Song
et al.>! who operated 32 patients with craniocervical instabili-
ties and found that trauma and rheumatoid arthritis were the
main etiology in 22 cases.

The indication of occipitocervical fixation in the traumatic
cases was atlantoaxial sublaxation in two cases (Fig. 1) and
atlantoaxial sublaxation associated with C2—C3 sublaxation
in the third case. Atlantoaxial fixation was not feasible in these
cases (due to fractured C1 posterior arch in one case, C1 lateral
mass fracture in the second case, fracture C2 pedicle and lam-
ina in the third case) and occipitocervical fixation was manda-
tory. This was consistent with what was found in the
literature.***? Other indications of occipitocervical fixation in
trauma cases include; atlantooccipital dislocation, C1-C2
instability which cannot be completely reduced, patients who
have had a transoral odontoidectomy, those who have an
incompetent C1 lamina or abnormal course of the vertebral

20,32,33

Figure 2

(A) Preoperative plain-Xray cervical spine (lateral view
and AP view) of patient with rheumatoid arthritis showing
atlantoaxial sublaxation. (B) Preoperative MRI T2 weighted
image (sagittal view) showing compression at cervicomedullary
junction. (C) Postoperative plain X-ray cervical spine (lateral
view) showing occipitocervical fixation (COC3C5)

artery,
impossible.

The second common cause of occipitocervical instability in
this series was rheumatoid arthritis that found in three patients
(Fig. 2). Rheumatoid arthritis of the cervical spine leads to a
spectrum of joint erosions and deformity resulting in spinal
stability. The most common patterns of cervical instability
seen in rheumatoid arthritis are atlantoaxial subluxation
(AAS), followed by basilar invagination (superior migration
of odontoid = SMO) and subaxial subluxation (SAS). Com-
bined patterns of cervical instabilities are not uncommon in
rheumatoid arthritis.**** The indications of occipitocervical
fusion in the three rheumatoid patients in this study was the
combination of AAS, SMO and SAS. This was consistent with
the indications mentioned in Pham et al.** series in which
occipitocervical fixation was performed in 18 patients with
rheumatoid arthritis.

Metastatic spine tumors occur in 5-10% of all cancer pa-
tients.*> Cervical spine involvement is relatively uncommon,
accounting for less than 10% of all spinal metastases. The
most prevalent tumors are lung, breast, prostate, kidney, and
thyroid.*® Two cases of metastatic cervical tumors were in-
cluded in this series; one male suffered from metastasis from
lymphoma and the second was a female with metastatic tumor
from breast cancer. In these two cases there was a variable
degree of neoplastic destruction of C1 and C2 vertebrae with

all of which make a CI1-C2 posterior fusion
36-39
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Figure 3

(A) Preoperative plain-Xray cervical spine (lateral
view) showing neoplastic destruction of C1 C2 (B) Preoperative
MRI T1 weighted image (sagittal view) showing neoplastic mass at
C1 C2. (C) Preoperative MRI T2 weighted image (sagittal view)
showing neoplastic mass at Cl1 C2 Postoperative plain X-ray
cervical spine (lateral view) showing occipitocervical fixation (CO
C2 C3 C4 C5 fixation) and Cl1 laminectomy.

a resultant compression of the cervicomedullary junction. Cer-
vical laminectomy and decompression were needed in these
two cases together with occipitocervical fixation (Fig. 3). These
findings correspond to the results of Hsu et al.,”® Song et al.*!
and Bongartz et al.** who performed occipitocervical fixation
for similar pathologies.

Two patients with Down syndrome were operated upon in
this series for occipitocervical fusion. Atlantoaxial subluxation
was the main pathology in these two cases accompanied by
atlantooccipital subluxation. Down syndrome is the common-
est inherited chromosomal disorder occurring in 1 in 660 live
births. Children and adults with Down syndrome are prone
to cervical spine disease, including instability, although the
natural history is unclear. The majority of pathology occurs
at the craniocervical junction particularly at the atlantoaxial
and atlantooccipital joints.*”** About 1% only of all patients
with Down syndrome who present with instabilities that re-
quire surgical intervention.*’

Various systems had been developed for internal fixation of
the occipitocervical spine including; sublaminar wires and

cables, wire-rod construct, hook-rod system, plate-screw sys-
tem, and rod-screw system.>® The methods of occipitocervical
fixation used in this series included; sublaminar wires and
cables in three cases, wire-rod system in two cases and
screw-rod system in five cases.

The sublaminar wire and cable method is an easy and sim-
ple method however is not indicated after laminectomy or lam-
inoplasty because the wires cannot be anchored at the laminae.
In addition, passing a wire under the lamina may cause spinal
cord injury during the procedure and possibly spinal cord com-
pression due to recoil of the wire. Also passing wire through
the occiput can be dangerous because the incidence of dural
tears reported with this procedure was 25%.%’

Sonntag and Dickman?? described the wire-rod technique;
they used a grooved titanium fixation rod which was bent into
a “U” shape and contoured to fit the cervical curvature and
fixed to the occipital bone and cervical laminae using wires.
This construct also needs intact posterior cervical elements
for sublaminar wiring, and is not suitable for patients whose
posterior elements are defective or have to be removed for
decompression. The advantages of the wire-rod construct in-
clude being technically simple, safe and economical. For pa-
tients with poor bone quality, such as rheumatoid arthritis
with osteoporosis, this technique may be the surgery of choice
because the screw purchase is not secured. However the wire
rod construct does not provide immediate postoperative stabil-
ity and postoperative rigid external fixation such as halo-vest is
necessary, usually for at least 12 weeks.'!"?3

Recently the screw-based construct (plate-screw system,
rod-screw system) for occipitocervical fixation had been devel-
oped. This system fixes the occipital bone to the atlantoaxial
and subaxial cervical spine through plates or rods. Transartic-
ular C1-C2 screws, Cl1 lateral mass screws, C2 pedicle screws
and subaxial lateral mass screws are the most commonly used
with occiput fixation and have shown to increase construct
rigidity of occipitocervical fixation.>! The screw-based con-
struct (plate-screw system, rod-screw system) provides immedi-
ate postoperative stability, so postoperative rigid external
fixation is not needed in most cases, which makes patients
more comfortable.>*>>*"28 This construct provides more rigid-
ity biomechanically than the wire-rod construct, and can be
applied to patients whose posterior elements are defective or
need to be removed for decompression. The disadvantages in-
clude potential vertebral artery and cervical root injury due to
cervical screw purchase, consequently these techniques should
be considered technically demanding.>'>® Potential vascular
injuries with occipitocervical fixation include excessive venous
hemorrhage and vertebral artery injury. These complications
are especially frequent in patients with severe deformity or
shortening of the vertebral body and misalignment of the
spinal column. Most vascular complications occur during the
exposure of the C1 lateral mass or the C2 pars interarticularis
and introduction of screws.>*® There were no operative mor-
talities or vascular injuries in this series. These findings corre-
spond to the results of Bongartz series* in which nine patients
were operated for occipitocervical fusion without any vascular
complications. However the screw-based construct is expensive
and not suitable in patients with poor bone quality as occurred
in one patient with rheumatoid arthritis in whom C1 C2 C4
screws could not be applied

In this study two patients showed transient neurological
deterioration postoperatively. In one of them, the neurological
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deterioration was believed to be related to the introduction of
the sublaminar wires while in the second, laminectomy in a ste-
notic canal may be the cause. However the neurological deteri-
oration in these two patients was transient and both had shown
improvement with conservative treatment and physiotherapy.
Such complications had been reported in the literature®’ to be
associated with occipitocervical fixation. Two cases had super-
ficial wound infection in this series. One case was treated suc-
cessfully using the proper antibiotic after performing culture
and sensitivity from the wound, while the second patient was
diabetic and required a surgical debridement with the antibiotic
management. Similarly Hsu and colleagues®® who retrospec-
tively reviewed 9 patients with occipitocervical fixation had re-
ported a case of wound infection. One case with cerebrospinal
fluid leak was reported in this study. Intraoperative dural tear
was found in one of traumatic cases with fracture of posterior
arch of atlas that was repaired immediately. However CSF leak
had occurred postoperatively but responded well to repeated
lumbar puncture and diuretics. This finding was not consistent
with Ogihara et al.>° who treated 23 patients with disorders at
the craniocervical junction that required posterior occipitocer-
vical reconstruction and did not report any case of CSF leak. In
this study, the mean operation time was 207 min (range 130—
320 min) and the mean volume of blood loss was 354 mL (range
120-750 mL. Similar to this study, Motosuneya et al.** in their
series of 11 patients who had undergone occipitocervical fusion
for non-traumatic upper cervical instability had reported a
mean operative time of 189 min (range 120-240 min), and a
mean volume of blood loss of 297 mL (range 135-850 mL).
While in Ogihara et al*® series of twenty three patients with
occipitocervical fusion, the mean operative time was averaged
350 min (range 163-660 min) and the mean intraoperative
blood loss 579 (range 20—1870 mL).

In this study, neck pain had improved in all patients while
myelopathic manifestations had improved in three patients
(37.5%). Three patients improved from Frankel grade C to
grade D, one patient from Frankel grade A to grade B and
one patient from Frankel grade D to grade E while the other
patients remained at the same Frankel grade. In Lee and col-
leagues? series in which 16 patients with traumatic upper cer-
vical spinal instability were operated for occipitocervical
fixation; three patients improved from Frankel grade D to
grade E while other patients remained at the same Frankel
grade. Many authors had reported a high incidence of success-
ful postoperative fusion (range from 75% to 100%) with
occipitocervical fixation regardless the fusion method and
underlying pathologies.>>® In the present study, successful fu-
sion had occurred in nine patients (90% fusion rate). Only one
patient with rheumatoid arthritis did not show any signs of fu-
sion at the last follow up period after 4 months. This patient
was the last patient in this study and there was no enough time
to follow him for a longer period where a successful fusion can
still occur. The mean fusion time in this series was 5.3 months
(range 4-8 months) which is similar to that reported in other
series.”® No new instability developed at adjacent levels in
the follow-up radiographs of our patients.

5. Conclusion

Occiptocervical fixation is indicated in the management of cra-
niocervical instabilities resulting from trauma, rheumatoid

arthritis, tumors and congenital anomalies of the craniocervi-
cal junction. Accurate imaging studies and proper patient
selection are the keys to a successful outcome. Occipitocervical
fusion procedures can be performed with low morbidity. A
comprehensive knowledge of the anatomy of the occipital-cer-
vical junction is imperative. A wide variety of stabilization
techniques and instrumentation systems are currently avail-
able, each of which has its own advantages and disadvantages.
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