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in Craniocervical Instability
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Objective : Although there is no consensus on the ideal treatment of the craniocervical instability, biomechanical stabilization and bone fusion can
be induced through occipito-cervical fusion (OCF). The authors conducted this study to evaluate efficacy of OCF, as well as to explore methods in re-
ducing complications.

Methods : A total of 16 cases with craniocervical instability underwent OCF since the year 2002. The mean age of the patients was 51.5 years
with a mean follow-up period of 34.9 months. The subjects were compared using lateral X-ray taken before the operation, after the operation, and
during last follow-up. The Nurick score was used to assess neurological function pre and postoperatively.

Results : All patients showed improvements in myelopathic symptoms after the operation. The mean preoperative Nurick score was 3.1. At the end
of follow-up after surgery, the mean Nurick score was 2.0. After surgery, most patients’ posterior occipito-cervical angle entered the normal range
as the pre operation angle decresed from 121 to 114 degree. There were three cases with complications, such as, vertebral artery injury, occipital
screw failure and wound infection. In two cases with cerebral palsy, occipital screw failures occurred. But, reoperation was performed in one case.
Conclusion : OCF is an effective method in treating craniocervical instability. However, the complication rate can be quite high when performing
OCF in patients with cerebral palsy, rheumatoid arthritis. Much precaution should be taken when performing this procedure on high risk patients.

Key Words : Atlanto-occipital joint - Postoperative complications - Cerebral palsy - Rheumatoid arthritis.

INTRODUCTION

The occipito-cervical junction is a unique, complex, biome-
chanical interface between the cranium and the upper cervical
spine™. Instability at the craniocervical junction may cause
compression of the spinal cord or medulla oblongata, triggering
myelopathy; intractable neck pain or progressive disability™. Al-
though there is no consensus on the ideal treatment of the oc-
cipito-cervical instability, biomechanical stabilization and bone
fusion can be induced through occipito-cervical fusion (OCF).

OCEF is a method that has been used to achieve stabilization
in congenital deformities causing instability and dislocation of
the skull and cervical vertebrae, post-traumatic deformities,
rheumatoid arthritis, and tumors in the upper cervical verte-

brae*”. The goals of OCF are to stabilize the mechanically com-
promised occipito-cervical junction, correct deformity or dis-
placement, and decompress compromised neural structures.
The goals of instrumentation are to provide immediate stability,
improve fusion rate, diminish the need for postoperative exter-
nal immobilization, and decrease rehabilitation time™.

There have, however, been many reports on the complica-
tions of such an operation. The commonly reported complica-
tions include vertebral artery injury, dura tear, cerebrospinal
fluid (CSF) leakage, wound infection, nerve or cord injury,
screw failure, and bone fusion failure.

The authors conducted this study based on their hospital cas-
es to evaluate clinical results and efficacy of OCE as well as to
explore methods in reducing complications.
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MATERIALS AND METHODS

All patients treated by OCF were included in this study. The
patients were reviewed based on their electrical medical records
regarding age, sex, clinical course, radiological results, and
complications.

A total of 16 patients were chosen for this study. These sub-
jects received OCF at our hospital since the year 2002 and were
followed up for at least 12 months. Eight of them were females
and eight were males. The mean follow-up period was 34.9
months (range, 12-108 months) and mean age was 51.5 years
(range, 24-74 years).

The etiologies of their occipito-cervical instability included
trauma, rheumatoid arthritis, degeneration, tumor and os
odontoideum, tuberculosis.

The surgery was performed with the patients’ head fixed with
a Mayfield head holder in the prone position. Midline incisions
were made, from external occipital protuberance to the cervical
area in need of surgery. After adequate exposure of the suboc-
cipital and posterior cervical areas, occipital screws and plate,
C1-2 transarticular screws, lateral mass screws were placed un-
der the fluoroscope. Then, total cervical laminectomy with or
without suboccipital craniectomy was performed followed by
the assembly of rods, nuts and necessary wiring. The subject re-

Table 1. Clinical data of patients who received posterior occipitocervical fusion

ceived are summarized in Table 1.

The subjects were compared using lateral neutral plain X-ray
films taken before the operation, after the operation, and dur-
ing last follow-up. Lateral X-rays were taken in the posterior oc-
cipito-cervical neutral posture, and the occipito-cervical angles
were measured using the methods presented by Riel et al.?®.

The posterior occipitto-cervical angle (POCA)* is defined as
the angle formed by the intersection of a line drawn tangential
to the flat posterior aspect of the occiput between the foramen
magnum and occipital protuberance and the line detemined by
the posterior aspect of the third and fourth cervical facets.

The Nurick score was used to assess neurological function
pre and postoperatively. An increase in the score represents de-
terioration of symptoms, a decrease represents improvement,
and a stationary score represents no change.

Statistical analysis

SPSS version 14.0 (SPSS Inc., Chicago, IL, USA) was used to
analyze all data. The paired sample t-test was used. Statistical
significance was accepted for p values of p<0.05.

RESULTS

Twelve patients presented with myelopathy before the surgery
and none of them experienced deterio-
ration in neurologic function after the

Patient Sex Age Underlying disease Etiology surgery. The mean pre operative Nurick
1 M 57 Multiple myeloma Tumor score was 3.1 (range, 1-5), and the mean
5 F 73 B RA Nurick score at the end of follow-ups
3 F 71 B Trauma after the surgery was 2.0 (range, 0-5),
4 M 33 ) Trauma with a mean advancement of 1.1 points
5 . o ) A (p=0.000).
6 M 34 i Trauma Normal distribution of measurements
. M 48 Cerebral plasy Trauma in a previous report revealed that 80%
N M 5 i Trauma of the POCA values lied between 101
9 M 5 i Trauma and 119 degrees®. Considering the
0 . s ) 0 odonfoidenm normal POCA range to be between 10.1
11 F 74 Cerebral plasy Degeneration {0 119 degrees as suggested by the arti-
cle above, before OCEF, only four pa-
12 F 9 ) RA tients presented with normal POCA
13 F >0 ) Trauma (range, 89-137 degree). After surgery,
14 F 5 Klippel Feil syndrome Deneration most patients’ posterior occipito-cervi-
15 F 48 Klippel Feil syndrome Trauma cal angle entered the normal range as
16 M 3 - Tuberculosis the pre operation angle decreased from
Table 2. Clinical outcomes of patients in relation to the etiology
Cases Etiology
Outcomes Os
No. % odontoideum RA Trauma Degeneration Tumor Tuberculosis
Improved 11 68.8 1 1 1 1
Stationary 5 312 1
Deteriorated 0 0
Total 16 1 8 2 1 1
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121 to 114 (range, 102-125 degree) de-
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Table 3. Complications of patients who received posterior occipitocervical fusion

grees with only two cases in which the Complication type No Incidence (%)

patients’ POCA were not within the Screw failure 2 125

normal range. These data were evaluat- Screw loosening 1 6.3

ed significant correction of the POCA Wound infection 1 63

into the normal range (p=0.011). Wound infection & screw failure 1 6.3
Complications of OCF in our study in- Vertebral artery injury 1 63

clude vertebral artery injury, screw fail-
ure, screw loosening and wound infection (Table 3).

Vertebral artery injury was observed in one case (patient 11).
The respective patient underwent a carotid CT angiography
prior to receiving OCE which revealed an abnormal vertebral
artery course. Bleeding occurred from an injury during screw
fixation of the second cervical vertebrae, which was quickly
controlled. No neurological injury was observed as a result of
the vertebral artery injury after the surgery.

Occipital screw failure occurred in the same patient (patient
11). The subject was a known to have cerebral palsy patient with
involuntary movement and resting tremor (Fig. 1). During a fol-
low-up observation, increased cervical pain and bilateral para-
plegia was observed, and screw failure was detected during rou-
tine radiological examinations. Reoperation was performed,
and the range of screw fixation was extended during the second
operation to ensure stabilization. As a result stabilization was ob-
served in the following radiological examination.

Screw loosening was detected in a different cerebral palsy pa-
tient (patient 7) in a routine X-ray follow-up. Despite such find-
ings, the patient showed no signs of neurologic deterioration,
and is currently under observation. Screw instability was ob-
served in another patient (patient 2), and reoperation was nec-
essary to reposition the screw.

Wound infection was observed in one patient (patient 5) with
rheumatoid arthritis. During follow-up observations, the screw
was decided to be removed as it seemed to worsen infection.
The screw was removed, yet sufficient fusion was observed and
the patient did not undergo additional surgical procedures. The
patient is also currently under observation. Wound infection
was also observed in one different patient (patient 10). The pa-
tient recovered from the infection and was discharged after an-
tibiotic therapy and wound debridement.

Two patients (patient 14, 15) had Klippel-Feil syndrome as an
underlying disease, and is currently under observation without
any complications.

Mycobacterium tuberculosis was identified in a sputum cul-
ture in a patient (patient 16) who had been diagnosed with pul-
monary tuberculosis ten years ago. Tuberculosis of the spine
was confirmed in this patient and the patient underwent ab-
scess removal and OCE This patient is also under observation
without any neurologic deficit or complications.

DISCUSSION

The goals of OCF are to regain normal alignment, to ensure

Fig. 1. Occipital screw failure in cerebral palsy patient. A : Occipital
screw failure occurred at occipital plate during follow up period. B : Post
reoperation plain X-ray.

adequate neural tissue decompression and to achieve structural
stability. Various metallic internal fixatiors have been developed
to increase the success of bone fusion and stabilization while re-
ducing the necessity of external fixation. Many operational meth-
ods using anterior and posterior approaches have been report-
ed ever since the first OCF using nasal bone graft was reported
by Foerster in 1927,

While early methods depended on an anterior approach for
an on-lay graft of the autograft bone without internal fixation,
complications such as non-fusion and pseudoarthrosis occurred
due to the lengthy recovery period and long-term external fixa-
tion. This resulted in the need for internal fixation using mate-
rials such as wires and screws.

Accordingly, more solid screw fixations such as metal plate and
screw fixation (Roy-Camille plate, AO reconstruction plate) and
Cotrel-Dubousset occipito-cervical rod were developed!!4222527:2830
and are widely used in OCE Such metal fixation has been shown
to be advantageous in reducing nerve injury and infection while
obtaining stabilization.

In the current study, the authors determined through symp-
tom improvement and follow-up neutral X-rays that OCF is ef-
fective in improving instability and neurologic injuries in cra-
niocervical instabilities.

Diverse OCF techniques such as screw-rod and occipito-cer-
vical hook are currently available, and they have all shown to
have high fusion rates (89-100%)%*12163%)Screw-rod fixation
allows for strong biomechanical fixation, obtaining stability im-
mediately after operation and requiring no additional external
ﬁxation10,16,24,34).

The etiologies of occipito-cervical instability included os odon-
toideum, rheumatoid arthritis, trauma, degeneration, tumor
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and tuberculosis.

Os odontoideum disease results in the formation of a separate
bone structure due to abnormal fusion between the odontoid
process of the second cervical vertebra and the body. In the ab-
sence of a united odontoid process, the atlanto axial movements
appear to be supported only by ligaments, resulting in atlanto
axial instability®. According to some authors, in minimally
symptomatic or asymptomatic patients with os odontoideum
without C1-2 instability, good treatment outcomes can be ob-
tained using conservative management without surgical treat-
ment7'18’20’31).

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 atlanto axial subluxation, followed by basilar invagi-
nation and subaxial subluxation. Combined patterns of cervical
instabilities are not uncommon in rheumatoid arthritis*>**.

The authors of this study observed atlanto-occipital disloca-
tion in many cases where OCF was performed to treat traumat-
ic injuries. Atlanto-occipital dislocations are high energy inju-
ries that are usually fatal due to accompanying lacerations of
the ponto-medullary or spino-medullary junctions'”. Atlanto-
occipital dislocation should be immediately reduced and stabi-
lized with halo vest immobilization. Traction should be avoid-
ed. Because of the severe ligamentous damage and the highly
unstable nature of the injury, definitive fixation with occipito-
cervical fusion is required universally®.

Atlanto axial dislocation is the most frequent anomaly seen in
cases with craniovertebral tuberculosis'*?". Behari et al.? re-
ported the protocol of surgical management of craniocervical
tuberculosis in 2003. In their study, patients with severe deficits
due to significant cervico-medullary compression caused by
fixed Atlanto axial dislocation or bone destruction and granula-
tion had anterior decompression and posterior fusion done. Pa-
tients with persistent reducible Atlanto axial dislocation under-
went only posterior fusion?.

The authors of this study also discovered that although Klip-
pel-Feil syndrome may not be a direct cause of craniocervical
instabilities, it can facilitate them. Unlike a person with normal
cervical spine structure, patients with Klippel-Feil syndrome
display limitations in flexion, extension, and lateral flexion®. In
addition, a wide range of spinal abnormalities such as scoliosis,
spina bifida, hemivertebrae, occipito-atlanto fusion, basilar in-
vagination may be accompanied in such patients. There is also
a higher risk of neurologic deficit development with even mi-
nor traumatic injuries in Klippel-Feil syndrome patients. The
reason is believed to be that as the traumatic force is inflicted
onto the fused cervical vertrabrae, the force is also transferred to
the normal adjacent segments causing excessive movement'”.

Reported complications of OCF include screw failure, wound
infection, dura tear, CSF leakage and failure to reduce neuro-
logical pain®!®1°.

Screw failure was reported to occur in 7% (1/16) in one study'”

and 4.2% (1/24)" in another study. Additional external fixation
through Halo-vest or additional screw fixation was attempted
in the cases of patients that showed screw failure. At our institu-
tion, we observed screw failure in 12.5% (2/16) of the subjects
and screw loosening in 6.3% (1/16). Screw loosening and fail-
ure due to involuntary movement in a cerebral palsy patient
was observed. Screw failure in cerebral palsy patients have al-
ready been reported by many other studies, and in such cases
occipital screw fixation should be performed with bicortical
screws using biomechanical methods to prevent screw failure.
The pullout strength of occipital screws is proportional to the
thickness of screw purchase, and the pullout strength of a bi-
cortical screw purchase is 50% greater than that of a unicortical
screw purchase'®. Great stabilization can be obtained by per-
forming stronger screw fixation.

Wound infection occurred in 13.3% (2/16) of patients in our
study. In one case we removed the screw that was suspected as
the infection source; in the other case, the subject improved
with antibiotic therapy and was discharged. The patients are be-
ing followed up on an outpatient basis. Other studies have al-
ready reported wound infections; wound infection was reported
in 11% (1/9)'® by one study and 3.8% (1/26)" by another study.
In both studies, infection was treated using antibiotics without
the removal of inserted materials.

Dura tear is reported in 0-4.2% of all cases when creating
burr holes or performing screw fixation"'*'®. Dura tear is also
known as the most frequent complication related to wire fixa-
tion during burr hole formation or wire winding, and it has been
to reported to occur in 25-28% of all patients'®'®. Dura tear was
not observed at our institute.

The authors observed improvements in myelopathic symp-
toms in 68.8% (11/16) of the subjects using the Nurick score,
and neurological pain was reduced by 78-95% in patients who
showed bone fusion™'*1¢),

There is no best method for OCEF, and the method of surgery
should be based on the type of instability, the integrity of poste-
rior cervical elements, the extension of decompression, comor-
bidities, individual anatomic variation, and the surgeon’s famil-
iarity with the techniques.

CONCLUSION

Based on the results above, the authors of this study deter-
mined that OCF is useful in the acquisition of bone fusion and
spinal stabilization, as well as in the recovery of neurologic deficit.

The results of OCF in 16 cases at our hospital were generally
satisfactory. OCF can result in complications due to vertebral
artery injury, dura tear, non-fusion of bone, screw loosening
and screw failure, wound infection, and CSF leakage.

OCEF is a very useful technique in maintaining stabilization;
however, as our study and previous studies have shown, the
complication rate is quite high in performing such procedure on
cerebral palsy, rheumatoid arthritis patients. Much more precau-
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tion must be taken in performing OCF in high risk patients.
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