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Surgical, clinical, and radiological outcomes of
occipitocervical fusion using the plate—screw—-rod system
with allograft in craniocervical instability

ABSTRACT

Objective: We evaluated surgical, clinical, and radiological outcomes of posterior occipitocervical fusion (OCF) using plate-rod—screw
construct supplemented with allograft in cases of occipitocervical instability.

Study Design: This was a retrospective analysis of prospective collected data.

Methods: Data of 52 patients who underwent posterior OCF using plate-screw—rod construct supplemented with allograft at a single
institute from 2009 to 2014 were analyzed. Demographics, clinical parameters (Visual Analog Score [VAS], ODI, and mJOA score), functional
status (McCormick scale), radiological parameters — mean atlantodens interval, posterior occipitocervical angle, occipitocervical 2 angle, and
surgical parameters (operative time, blood loss, hospital stay, and fusion) with complications were evaluated.

Results: The mean age of the patients was 54.56 + 16.21 years with male: female was 28:24. The mean operative time was
142.2 min (90-185 min) and mean blood loss was 250.8 ml. The mean duration of hospital stay was 6.7 days and mean follow-up period was
65.17 +5.39 months. There was significant improvement in clinical parameters (modified JOA score, VAS, and Oswestry Disability Index values)
postoperatively. Forty patients showed recovery in neurological status at least in Grade 1in McCormick scale with no neurological deterioration
in any patient. Furthermore, radiological parameters at cervicomedullary junction got into acceptable range. Implant-related complications noted
in 1 patient and 1 patient had vertebral artery injury. We had dural tear in 3 patients and infection in 2 patients. Fusion was achieved in 46 cases
with mean time for fusion was 11.039 months.

Conclusion: Patients with occipitocervical instability can successfully undergo posterior OCF using plate—screw-rod construct supplemented

with allograft with high fusion rate, good clinical and functional outcomes, and low complication rate.
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INTRODUCTION

Patients with craniovertebral anomaly and occcipitocervical
instability usually have three-dimensional malformation of
the junction with anterior translation of the atlas on the axis,
vertical subluxation of the odontoid process, and flexion
deformity caused by anterior subluxation or dislocation of
the occipitoatlantal complex on the axis.'® This results in
mechanical symptoms and neurological symptoms ranging
from mild neck stiffness with pain to radicular symptoms,
frank myelopathy, respiratory distress, and paralysis with or
without involvement of lower cranial nerves.*° Therefore,
occipitocervical stabilization and fusion are commonly
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recommended in these patients!'® and is an effective method
to treat neck pain, myelopathy, and to provide biomechanical
stability due to various pathologies."'
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Conservative methods such as prolonged immobilization
using halo-vest or Minerva jacket is rarely indicated
nowadays."?!

Various modalities of treatment using rigid fixation
constructs have been developed from simpler methods such
as onlay graft with or without wiring to more rigid fixation
techniques using screws with plate or rods in conjunction
with sublaminar wiring augmented with bone grafting.!™*
However, occipitocervical fixation using plate—screw—rod
construct system has gained popularity nowadays and is
commonly performed.

Our study aims to assess the clinicoradiological efficacy
with functional and neurological outcomes of posterior
occipitocervical fixation using plate—screw-rod construct
system supplemented with allograft in cases of occipitocervical
instability.

METHODS

Retrospective analysis of prospectively collected data of
57 patients who underwent occipitocervical fusion (OCF)
using plate—screw—rod construct supplemented with allograft
at a single institute by senior spine surgeon from 2009 to
2014 was done by an independent observer. Five patients
were lost in follow-up; therefore, 52 patients formed the
study cohort. Institutional review board approval was
obtained before conducting the study.

Inclusion criterion
e  Patients operated with OCF for any pathology with
*  Occipitocervical instability with/without basilar
invagination (O-C1).
* Irreducible/reducible C1-C2 instablity.
e  Only posterior surgery
*  Minimum 5 years follow-up.

Exclusion criterion

* Anterior surgery

* Revision surgery

*  Sublaminar wiring

*  Follow-up <5 years.

Surgical technique

Patient was positioned prone with neutral cervical position
using a horseshoe-type or a Mayfield head holder, and
the shoulders were pulled caudal by a heavy bandage for
intraoperative lateral radiographic imaging of the lower
cervical spine. Intraoperative traction was given in all
patients. An incision was kept in the midline, from just
proximal to the external occipital protuberance to the

midlevel of the subaxial cervical spine. The length of the
incision depends on the cervical vertebrae intended to be
fused. Dissection was carried down through the ligamentum
nuchae to the occiput proximally, and the spinous processes
distally. An intraoperative lateral radiograph on fluoroscopic
image was then used to confirm the cervical level. Care must
be taken to avoid aggressive dissection too far laterally on
the posterior arch of C1.

We preferred to use an occipital plate that can accommodate
both midline and lateral screw with 10-12 mm screws near
the external occipital protuberance and 6-8 mm screws
lateral or inferior to the external occipital protuberance
placed inferior to the superior nuchal line.

C2 pedicle screw was inserted, by palpating with a Penfield
4 laterally along the superior surface of the C2 lamina to its
junction with the medial isthmus of C2. The entry point is
4-5 mm above inferior articular facet, 4-5 lateral to valley and
the trajectory is 15°-20° medially. The C2 pedicle screw was
inserted using a high-speed drill under fluoroscopic guidance.

In some cases, C2 isthmic screw was inserted due to
the high-riding vertebral artery (VA) visible on magnetic
resonance imaging (MRI) or C1-C2 transarticular screw was
inserted to achieve maximum stability in some cases of
rhematoid arthritis (RA).

For C3—-C6 lateral mass screw insertion, the entry point
is made in the center point of inferiomedial quadrant of
rectangular lateral mass, with help of high-speed burr and
the direction of the screw was determined by the lower
spinous process under fluoroscopic guidance. Long-segment
fixation with C3—C6 lateral mass was needed in some cases
of ankylosis spondylitis, RA patients, and in those cases in
which cervical stenotic myelopathic changes were there on
MRI imaging at lower cervical segments.

The plate portion of the rod was slightly bent to fit the
occipital contour and was fixed by self-tapping screws onto
the occiput and then fixed with cervical screws after reduction
and maintaining it. Reduction was achieved with traction
and manipulation (distraction and extension) with posterior
soft-tissue release. If not reduced, it was fixed in situ. Then,
posterior decompression was done in cases which were
having signs snd symptoms of significant compression with
correlating MRI imaging. All patients received morcellized
allograft placed over the prepared graft bed around the rod
screw construct on exposed lamina and lateral masses at all
fusion levels which were processed in the bone bank present
in our institution.
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Demographic data (age, sex, and level), clinical
parameters (neck pain score — Visual Analog Score [VAS],
functional score — Oswestry Disability Index [ODI] and
modified JOA [mJOA] score), and functional status (Modified
McCormick scale) were evaluated and recorded preoperatively
and postoperatively.

Radiological parameters, atlantodens interval,
posterior occipitocervical angle, occipitocervical 2 angle,
were evaluated preoperatively and postoperatively.

Surgical parameters — operative time, intraoperative
blood loss, hospital stay and intraoperative
complications (VA injury, dural tear), and postoperative
complications (infection, implant loosening/pull out
screw, neurological worsening) were noted. Fusion was
assessed on computed tomography scan according to the
Bridwell’s crieteria.

Postoperative soft cervical collar was advised for

4 weeks, and out-of-bed mobilization was recommended

as the general condition of the patient permited

postoperatively. Regular follow-up was done at 2 weeks,

3 months, 6 months, 12 months, and then yearly. Neck

physiotherapy was advised at 2 weeks follow-up after removal

of sutures.

e (Case 1. Syndromic AAD Irreducible AAD + BI Klippel Feil
Anomaly + [Figure 1a-d|

* (Case 2. Tubercular OC instability - Eroded C1-C2 lateral
masses [Figures 2a-c|

*  (Case 3. Craniocervical instability (atlantoaxial dislocation)
treated with long-segment OC fusion [Figures 3a-e].

The statistical analysis was carried out using paired
Student’s “t-test” and Mann-Whitney test with P < 0.05
was considered as statistically significant. Statistical
analysis was done using SPSS software 20.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

The mean age of the patients was 54.56 * 16.21 years (7—
78 years) with male: female was 28:24. The mean operative
time was 142.2 min (90-185 min) and mean blood loss was
250.8 ml (100-320 ml). The mean hospital stay was 6.7 days
range (4-10). The mean * standard deviation follow-up
duration was 65.17 = 5.39 months.

Thirteen patients had RA, six patients had tuberculosis, four
had secondaries to carcinoma, eight cases of trauma, two
patients had giant cell tumor, and 19 cases having varied
complex anatomy such as Arnold—Chiari Malformation (6),
Os odontoideum (1), ankylosing spondylitistis (4),
Downs syndrome (3), Klippel —Feil syndrome (3), and
neurofibromatosis (2) [Figure 4].

Occipitocervical fusion was done in all cases of irreducible
C1-C2 instability and in those C1-C2 reducible instability
cases, in which C1-C2 fixation alone was not possible like
cervical trauma cases (C1 lateral mass fracture or C2 isthmic or
pedicle fracture) or occipital fixation had to be done (occipital
bone fracture or basilar invagination). Furthermore, in some
tuberculous and carcinomatous patients, in which C1-C2
fixation alone had not enough good strength, OC fusion
was done. Maximum OCF was done up to the level of C2
vertebrae (n = 30) [Figure 5 and Table 1].

Nonparametric Mann-Whitney test was used for comparison
of mJOA and ODI score [Table 2].

There was significant difference in the value of mJOA
score between preoperative value as compared to
post-6 months (P < 0.05). Also, there was significant
difference between preoperative value as compared to
post-5 years (P < 0.05). However, no significant difference
between 6 months postoperative value as compared to
5 years postoperative (P > 0.05) was noted.

Figure 1: (a) Showing computed tomography scan of a patient with occipitocervical instability. (b) Showing magnetic resonance imaging with cord compression.
(c) Indicating postoperative lateral X-ray after occipitocervical fusion. (d) Showing postoperative computed tomography scan with occipitocervical fusion
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Figure 2: (a) Showing anteroposterior and lateral X-ray of a patient with tubercular occipitocervical instability with eroded C1-C2 lateral mass. (b) Showing
magnetic resonance imaging scans with cord compression. (c) Showing postoperative X-ray with occipitocervical fusion

Figure 3: (a) Showing anteroposterior and lateral X-ray of a patient with occipitocervical instability (atlantoaxial dislocation). (b) Showing magnetic
resonance imaging scans with cord compression. (c) Showing preoperative computed tomography scan images. (d) Showing postoperative X-ray treated
with occipitocervical fusion. (e) Showing postoperative computed tonography scan with fusion

There was significant difference in ODI score
between preoperative value as compared to
post-6 months (P < 0.05) and between preoperative value
as compared to post-5 years (P < 0.05). Furthermore,
significant difference between 6 months postoperative
value as compared to 5 years postoperative was
noted (P < 0.05).

T-test was used for comparison between the means of
VAS neck pain. There was a significant difference between
preoperative value as compared to post-6 months
(P < 0.05) and between preoperative value as compared to
post-5 years (P < 0.05). However, no significant difference
between 6 months postoperative value as compared to
5 years postoperative (P > 0.05) was noted.

Forty patients showed recovery in neurological outcomes at
least in Grade 1 of Mc Cormick scale. Fifty percent (n = 26)
patients showed significant myelopathic features and all
of them undervent posterior decompression procedure
based on the levels involved on MRI imaging. Out of them,
24 patients (92.31%) had improvement of the mJOA scores
at last follow-up but did not improve in 2 patients (7.69%).
However, the preoperative status of one of these patients
was NURICK Grade II, and the other patient suffered from the
most aggressive form of mutilating-type RA. No myelopathy
or neurological deterioration was noted in any patient
postoperatively or at final follow-up.

Apart from the clinical improvement, the radiological benefits
of occipitocervical fusion were also well evident and the angles

Journal of Craniovertebral Junction and Spine / Volume 10 / Issue 4 / October-December 2019 219



Upadhyaya, et al.: OCF in CV instability

T8 I
As IS

GeT I

TRAUMA I

CARCINOMA I
ARNOL CHIAR| I

KLIPPLE FIELD N

DOWN SYNDROME I

NEUROFIBROMATOSIS I
0S ODONTOIDEUM [l

Figure 4: Showing number of various pathologies causing occipitocervical
instability

at the cervicomedullary junction got in to the acceptable range
postoperatively. Nonparametric Mann-Whitney test was used
for comparison between the preoperative and postoperative
values and found significant difference [Table 3].

Postoperative implant-related complications noted in
1 patient (1.92%) with distal screw loosening which was seen
in a case of RA where fusion was extended later to include
lower levels. The duration between surgery and implant
failure was 10 months.

We had a left VA injury intraoperative, injured during the
exposure of the C1 lateral mass. We dissected posterior
arch of C1 by using bipolar coagulator and dissected too
much of the lateral side. We controlled bleeding by using
the thrombin-soaked gelform. This patient underwent a CT
angiogram immediately after surgery, which showed complete
occlusion of the VA at C2 transverse foramen with some
retrograde flow from the contralateral VA. Special attention
was paid to the patient after surgery, but no specific treatment
was required since the patient showed no symptoms related
to the VA injury from the admission to follow-up period.

We encountered two cases of superficial infection, that were
well tackled with wound debridement and antibiotic.

In three of our cases, we encountered dural tear with inadvertent
removal of ligamentum flavum while decompression procedure,
that was well taken care of by fibrin glue and fat patch application.

35
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Figure 5: Levels up to occipitocervical fusion done

Table 1: Cervical spine levels up to occipitocervical fusion was
extended

Level n
0C2 30
0C3 10
0c4

0C5 2
0C6 2

Table 2: Comparison of modified JOA, visual analog

score - neck pain and Oswestry Disability Index score at
preoperative, 6-month postoperative, and 5-year postoperative
period

Clinical parameters mJOA Neck pain (1]
Preoperator 13.83+2.734 6.6538+1.1005  77.98+9.45
6 months 15.076+2.2126  2.673+0.733 51.15+13.33
postoperative

5 years 15.67+1.854 2.423+0.4988  38.94+11.64

postoperative

0DI - Oswestry Disability Index; JOA - Japanese orthopedic association score

Table 3: Change in radiological parameters postoperatively as
compared to preoperative values

Radiological Preoperator Postoperator Nonparametric
parameters Mann-Whitney test (P)
ADI 42+1.7mm  2.5=1.9mm <0.085

POCA 118.67+12.29 107.15+12.05 P<0.007

0C2 angle 15.81=1.88  21.673+1.089 P<0.007

ADI - Atlantodens interval; POCA - Posterior occipitocervical angle; 0C2
angle - Occipitocervical 2 angle

Fusion was achieved in 46 cases with mean time for fusion
was 11.039 months. Out of six pseudoarthrosis patients,
three patient underwent radiotherapy and chemotherapy for
secondary carcinomas, that might be the reason for nonunion.

DISCUSSION

Occipitocervical fusion, first reported by foerster, has
revolved from early techniques of in situ stand-alone bone
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grafting and prolonged immobilization to current plate—
screw—rod constructs.">"® [n situ stand-alone grafting
was associated with high pseudoarthrosis rate and led to
inception of supplementary fixation techniques such as
wire-securing procedures, countoured rods, plate screw, and
finally, rod-screw fixation constructs.!'*2!l

To relieve the pressure off the cord and reduce the deformity
at the CV]J, several authors have advocated the use of
cervical traction in patients with basilar invagination before
surgery.?>24 Peng et al.”! used the Gardner-Wells Traction
Tongs several days before the fusion was performed. In
contrast, Goel and Shahl®! observed the loss of reduction
in patients who underwent fusions after correcting the
deformities with cervical traction. We used cervical
traction in traumatic and some irreducible instability cases
preoperatively. Use of intraoperative cervical traction was
almost universal.

Before the introduction of anterior decompression by
odontoidectomy, foramen magnum decompression along
with in situ fixation with pins and wires was the only option
available. Unfavorable neurological outcomes from in situ
fusions led to the development of ventral decompression
through anterior approaches!®? by a transoral- or
mandibular-splitting approach with odontoidectomy.”?”
Furthermore, if atlantoaxial (AA) dislocation is irreducible
and the dislocation is a causative factor of neurologic deficits,
anterior decompression and fusion has been advocated in
the past.?®**I However, those procedures involve complicated
perioperative management, and it is difficult to obtain solid
fusion with those procedures without support by rigid
external fixation using a halo vest or cast. Improved functional
results from odontoidectomy are also associated with a high
incidence of complications. Close proximity to oral bacterial
flora makes the procedure prone to postoperative infection.
Wound dehiscence, aspiration pneumonia, CSF leakage, and
dysphagia are other common complications.P® Moreover,
posterior reconstruction using varied instrumentation
techniques becomes mandatory after transoral resection.P'

The advantages of posterior approach are manifold; first,
anterior release is not required bypassing the complications
of anterior surgery and reduction can be achieved with
intraoperative maneuvers of distraction, assisted by
preoperative traction methods. The construct is strong
enough to hold the unstable segment without any additional
support postoperatively.

The evolution of novel reduction techniques and the
development of newer implants for OCFs have made

decompression far easier than before. Goel et al.*3 described
a CVJ realignment method, in which a wide resection of
the AA capsule and distraction of this joint manually along
with the placement of a metal spacer reduces the basilar
invagination and AA subluxation. Distraction of the AA joint
reduced the vertical deformity more efficiently, but the
inconsistent correction of the ADD was a major limitation
of this method.** To overcome the shortcomings of the CV]
realignment method, Jian et al. described an intraoperative
distraction technique. However, the reduction of deformities
with the distraction-only methods could achieve restoration
of ADD in only 85% of the cases. Second, distraction without
the spacer also caused resettling in some cases. To achieve
more efficient realignment and prevent the loss of reduction,
Chandra et al.*¥ devised a new technique called distraction,
compression, and extensive reduction. In this technique, the
first step was to insert a metal spacer to distract the joint to
correct the basilar invagination. Compression and extension
through C1-C2 and/or occipital screws using a metal spacer as
a fulcrum corrected the AA instability and restored the ADD
more efficiently (complete reduction in 94% of patients). The
application of the recent techniques of reduction has obviated
the need for odontoidectomy. We had reduced maximum
of our cases by traction and manipulation (extension and
distraction). Only five cases remained irreducible which were
fixed in situ.

In our study, the combined use of cervical screws and
occipitocervical rods provided sufficient correction of
malalignment at craniovertebral junction with significant
improvement in radiological parameters such as O-C2 angle
and CMA angle with maintainence of reduction resulted in
decrement of mechanical stress to the anterior portion of the
medulla oblongata and lead to indirect ventral decompression
with relieved medullary compressive symptoms.

Occipital plate cervical screw-rod construct with bone
grafting typically allows higher fusion rates than posterior
wiring method and provides superior biomechanical rigidity
and immediate postoperative stability obviating the need
for rigid external immobilization. This is primarily because
of the increased stiffness, same time, the complication with
the wiring techniques are reduced significantly'>'l Winegar
et al.P® reviewed the techniques on OC fusion with results
showing the lowest failure rate following plate-screw—rod
construct when compared with other techniques. In contrast,
56 RA patients who had undergone occipital-cervical-thoracic
fusions with unit rods, sublaminar wiring, or multiaxial
cervical pedicle screw and rod systems were reviewed by
Kirano et al.*” They reported that implant failure occurred
in 13 (23.2%) patients and that the failure rate was 15.8%
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in unit rod group and 38.9% in cervical pedicle screw and
rod group. However, there have been no studies reporting
long-term follow-up./"#3%42 We had also used bicortical
lateral mass screw construct in C3-C6 construct or C1-C2
transarticular screw or C2 pedicle/isthmic screw and occipital
plate stabilized by 4/6 screws in occiput. This provided a
superior clinical outcome with corrective forces and better
fusion rates compared to other studies.['%1821]

We had long-term follow-up of 5 years and had only one case
of implant failure at 10 months postoperatively (1.92%) as
compared to the study by Kei Ando et al.**! where 8 cases of
implant failure were noted, 6 occurred within 24 months of
surgery (22.22%), and Kukreja et al.**l showed 3 cases with
implant failure. The overall complication rates of our study
are comparable to those done by Lee et al.*! (6.25%) and
those of Sung Ho chui et al.*® (18.75%).

Although the ideal substrate for bony fusion in posterior
cervical arthrodesis is provided by autograft; however,
significant association of donor-site morbidity remains a
concern and is associated with increased operative time,
greater blood loss, ambulation difficulties, chronic donor-site
pain, iliac wound infection, and a jejunal perforation.l”#
Same osteoconductive conduit for bony fusion is provided
by allograft as that of traditional autograft and may have
equivalent biomechanical properties and arthrodesis but
with less donor site morbidity.*! We had used morselized
allograft in all cases.

We had one left VA injury, that happened during dissection of
C1 arch, which was not too far away from midline. This could
have been a anomalous tortuous course of VA missed during
the preoperative evaluation on the C1 arch. No serious clinical
sequale was noticed in this patient. There was no neurological
deterioration in any patient seen postoperatively.

Fusion rates, ranging from 80% to 96%, has been seen in
plate—screw—rod construct. In our study, solid bony fusion
was achieved in 46 of 52 pts (88.46%) which is comparable to
other studies. Kukreja“¥ reported 4 out of 49 patients with
nonunion at final follow-up and Nockels et al.*? showed 2
out of 69 patients with nonunion. Excellent results have been
reported by Grob et al."'l (n = 14 with all patients showed
fusion), Wertheim et al.® (n = 13 with 100% fusion), and
Lee et al.®!

Limitations

Our study included all the pathologies occurring at
craniovertebral junction causing instability; since, all
pathologies has different natural course and entity, so it can

bias our results. However, we aim only to discuss about the
outcomes of OCE

CONCLUSION

Posterior occipitocervical reconstruction with cervical
screws and occipital plate-rod construct provided excellent
clinical outcomes with biomechanically sound fixation,
high fusion rate using allograft, and optimal correction of
misalignment in the occipital-AA region. However, surgical
skill and an understanding of 3D anatomy of cervical spine
are imperative to correctly place screws within the occiput
and upper cervical spine to avoid potential intraoperatively
and postoperative adverse events.
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