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ABSTRACT
Objective: Our study aims to assess the safety, efficacy, clinicoradiological, functional, neurological outcomes, and complications of posterior 
occipitocervical fixation using an occipital plate and C1‑2 transarticular screw (TAS) construct.

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

Methods: Data of 27 patients who underwent occipital plate and C1‑2 TAS construct at a single institute from 2010 to 2015 were collected 
and analyzed. Demographics, clinical parameters  (Visual Analog Score, Oswestry Disability Index, and modified JOA score), radiological 
parameters – mean atlantodens interval, posterior occipitocervical angle, occipitocervical‑2 angle, surgical parameters (operative time, blood 
loss, hospital stay, and fusion), and complications were evaluated.

Results: The mean age of the patients was 54.074 ± 16.52 years (18–81 years), the mean operative time was 116.29 ± 12.23 min, and the 
mean blood loss was 196.29 ± 38.94 ml. The mean hospital stay was 5.22 ± 1.28 days. The mean ± standard deviation follow‑up duration was 
62.52 ± 2.27 months. There was a significant improvement in clinical parameters and radiological parameters postoperatively. One patient with 
implant failure, one patient with pseudoarthrosis, one with neurological deterioration, two wound complications, and two dural tears were noted.

Conclusion: Posterior occipitocervical reconstruction with O‑C1‑2 TAS construct provided excellent clinical outcomes, radiological outcomes, optimal 
correction of malalignment in the occipitocervical region, and with biomechanically sound fixation. Extending the instrumentation into the subaxial 
spine will lead to a decrease in the range of motion, increased surgical time, blood loss, more extensive muscle damage, and also increase the costs.
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INTRODUCTION

Occipitocervical  (OC) junction is an important and unique 
structure that connects the skull and the spine. It is 
also a highly mobile area with nearly half of the cervical 
flexion/extension and rotation occurs here.[1] Instability at 
this junction can result from various conditions including 
trauma, rheumatoid arthritis (RA), and other inflammatory 
arthropathies, congenital malformations, neoplasms, and 
degeneration. These patients have three‑dimensional 
abnormalities of the junction with an 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.[2,3] 

This can manifest a wide spectrum of symptoms ranging from 
mild axial neck pain to frank myelopathy.[4] OC fusion and 
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stabilization are the treatment of choice, for these patients. 
However, the high degree of mobility and the sharp angle 
at which the occiput meets the upper cervical spine makes 
rigid surgical fixation challenging.

Before the development of specific instrumentation, OC 
fusion was limited to in  situ fusion, wiring, and cable 
techniques. Forester was the first person to perform 
occipitocervical reconstruction using fibular strut graft in 
1927.[5] Others followed using iliac crest onlay graft after 
decorticating the surface.[6] However, these techniques 
need prolonged postoperative immobilization in the form 
of a Minerva jacket or halo vest. Later, wire and plate or 
rod constructs were developed to create more rigidity 
in the construct. The standard fusion technique involved 
fusion segment to extend until C3 or even lower because 
of insufficient construct stability,[7‑11] and also, none of this 
conferred immediate rigidity and decreased the need for 
external immobilization. Furthermore, the sublaminar wires 
were associated with more incidence of dural tears and 
neurological injuries.[12] Now, the screw‑plate‑rod techniques 
were developed to achieve more rigid fixation and also to 
obviate the need for postoperative immobilization.[1] Many 
studies have demonstrated advantages and good outcomes 
with screw‑plate‑rod constructs over previous techniques.[13‑16] 
Interestingly, most of the studies extended their construct to 
the subaxial spine to address problems at the occipitocervical 
junction.[12,13,16] The gamete of implants ranges from lateral 
mass screws to transarticular screws (TAS) in the cervical spine. 
To the best of our knowledge, there are many biomechanical 
studies to demonstrate that the instrumentation can be 
terminated at C2,[14,15,17,18] but few clinical studies to support 
the same[19,20] and no clinical studies about occipitocervical 
fixation with occipital plate and C1‑C2 TAS  (O‑C1‑2 TAS). 
Our study aims to assess the clinicoradiological efficacy 
with functional outcomes and complications of posterior 
occipitocervical fixation using an occipital plate and C2 TAS.

METHODS

Retrospective analysis of prospectively collected data of 
29  patients who underwent occipitocervical fusion  (OCF) 
using an occipital plate and C2 TAS construct  (O‑C1‑2 
TAS) supplemented with allograft at a single institute by 
a senior spine surgeon from 2010 to 2015 was done by an 
independent observer. Two patients were lost in follow‑up; 
therefore, 27 patients formed the study cohort. Institutional 
review board approval was obtained before conducting the 
study. Patients operated with O‑C1‑2 TAS fixation for any 
pathology with Occipitocervical instability with/without 
basilar invagination with minimum 5‑year follow‑up were 

included in the study. Patients who didn’t give consent and 
all other forms of fixation were excluded from the study.

Surgical technique
The patient was made prone with cervical spine positioned for 
occipitocervical reduction while simultaneously ensuring that 
a trajectory for TAS placement was attainable. This required 
a “military tuck” position. Lateral fluoroscopic imaging was 
used to confirm the desired alignment before connecting the 
Mayfield head holder system rigidly to the table. Intraoperative 
traction was given to all patients. An incision was kept in 
the midline, from just proximal to the external occipital 
protuberance to the upper level of the subaxial cervical spine. 
Dissection was carried down through the ligamentum nuchae 
to the occiput proximally and the C2 spinous processes distally. 
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 screws 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.

For the TAS, the inferior arch of C1 and C2 was subperiosteally 
exposed preserving the C2–C3 interspinous ligament and 
facet capsule. The C2 pars interarticularis was exposed and 
had to be clearly defined. Before the initiation of drilling, 
the C1–C2 joint was opened using a McDonald or Penfield 
and the joint surface was curetted. The entry point and 
trajectory were determined based on a retrograde projection 
of the dorsal most and medial aspects of the C1–C2 joint 
line on the inferior part of the C2 lamina. A stab incision was 
made 1 cm lateral to the midline in the T1–T2 region and 
a drill guide was used. Once the drill guide was in place, a 
high‑speed burr was used to create a starter hole in C2 at 
the desired entry site for drilling of the TAS. It was essential 
to drill as dorsally and medially as possible within the pars 
interarticularis to minimize potential injury to the vertebral 
artery  (VA). In a high‑riding VA, a steeper trajectory was 
adopted. After drilling to the anterior cortex of C1, the hole 
was tapped and the screw was passed. The procedure was 
repeated on the contralateral side.

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. The reduction was achieved 
with traction and manipulation (distraction and extension) 
with a posterior soft‑tissue release. If not reduced, it was 
fixed in  situ. Then, posterior decompression was done in 
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cases that were having signs and symptoms of significant 
compression with correlating MR imaging. All patients 
received morselized allograft placed over the prepared graft 
bed around the rod screw construct on the exposed lamina 
and lateral masses at all fusion levels which were processed 
in the bone bank present in our institution. The case example 
is shown in Figure 1.

Demographic data (age and sex), clinical parameters (neck pain 
score – Visual Analog Score (VAS), functional score – Oswestry 
Disability Index (ODI), modified JOA (mJOA) score, and Mc 
Cormick scale) were evaluated and recorded preoperatively 
and postoperatively.

Radiological parameters, atlantodens interval  (ADI), 
posterior occipitocervical angle (POCA), and occipitocervical 
2 angle  (OC2 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/pullout screw, neurological worsening) were noted.

A postoperative soft cervical collar was advised for 4 weeks, 
and out‑of‑bed mobilization was recommended as the 
general condition of the patient permitted postoperatively. 
Regular follow‑up was done at 2 weeks, 3 months, 6 months, 
12 months, and then yearly. Neck physiotherapy was advised 
at 2‑week follow‑up after removal of sutures.

The statistical analysis was carried out using paired Student’s 
“t‑test” and ANOVA 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 demographic data was noted  [Table 1] and the mean 
age of the patients was 54.074 ± 16.52 years (18–81 years) 

with a male:  female was 14:13. The mean operative 
time was 116.29  ±  12.23  min and the mean blood loss 
was 196.29  ±  38.94  ml. The mean hospital stay was 
5.22 ± 1.28 days. The mean ± standard deviation follow‑up 
duration was 62.52 ± 2.27 months.

Eight patients had RA, five patients had tuberculosis, two 
patients had trauma, and 13 cases having varied complex 
anatomies such as Arnold–Chiari Malformation  (3), Os 
odontoideum  (2), Down’s syndrome  (3), Klippel–Feil 
syndrome (3), and neurofibromatosis (1) [Table 2].

Twenty‑one patients showed recovery in neurological 
outcomes at least in Grade 1 of Mc Cormick scale. Sixteen 
patients showed significant myelopathic features and all of 
them underwent posterior decompression procedure. Out 
of them, 14 patients had improvement of the mJOA scores 
at the last follow‑up but did not improve in two patients. 
One patient with RA has developed subaxial subluxation and 
neurological deterioration.

Table 1: Demographic data

Parameter Value
Age 54.074±16.52
Male:Female 14:13
Operative time 116.29±12.23
Blood loss 196.29±38.94
Hospital stay 5.22±1.28
Last follow/up 62.52±2.27

Table 2: Pathologies causing occipitocervical instability

Parameter Value
Rheumatoid arthritis 8
Tuberculosis 5
Trauma 2
Arnold‑Chiari 
malformations

3

Os‑odontoideum 2
Downs syndrome 3
Klippel‑Feil syndrome 3
Neurofibromatosis 1

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

dcba
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ANOVA test was used for comparison of VAS and ODI 
scores  [Table  3]. There was a significant difference in 
the value of VAS and ODI scores between preoperative 
values as compared to post 6  months and postoperative 
5  years  (P  < 0.05). t‑test was used for comparison mJOA 
scores. There was a significant difference between 
preoperative values as compared to post 6  months and 
5 years.

t‑test was used to compare ADI, POCA, and OC2 angles 
preoperatively and postoperatively  [Table  4]. There was a 
significant difference between all the parameters (P < 0.005).

One patient developed implant failure and one patient with 
pseudoarthrosis was recorded. The implant failure patient 
has to be re‑operated, while the pseudoarthrosis patient is 
clinically asymptomatic and was treated conservatively. One 
with neurological deterioration due to subaxial sublation 
was re‑operated to extended the implants distally. Two 
superficial wound complications and two dural tears were 
noted, however, none of the cases developed life‑threatening 
complications.

DISCUSSION

Occipitocervical junction has a complex anatomic and 
biomechanical characteristic, making it uniquely challenging 
for the operating surgeon to treat the pathological condition 
at this junction. In 1927, Forester was the first person 
to successfully perform OC reconstruction using fibular 
strut graft.[5] It opened up new horizons for surgeons to 
treat patients effectively with OC instability. Over the 
years, along with evolution in surgical techniques, there 
is also been advancement in the implants used to improve 
stability and enhance fusion.[13‑17] Before the development of 
specifically designed implants, it is limited to in situ fusion 
using autogenous bone grafts, wires, and cables.[7‑11] These 
constructs need longer segment instrumentation to maintain 
stability. Even then, these techniques require external 
immobilization in the form of a cervical collar or halo vest 
for prolonged periods. The more advanced plate screw rod 
constructs are used now that offer immediate stability and 
also aid in reduction.[13‑16] These instruments have been widely 
used with uniformly good results. Interestingly, most of the 
studies extended their construct to the subaxial spine.[12,13,16] 

To the best of our knowledge, many biomechanical studies 
demonstrate that the instrumentation can be terminated at 
C2,[14,15,17,18] but very few clinical studies prove the same[19,20] 
and no clinical studies about occipitocervical fixation with 
occipital plate and C1‑C2 TAS. Extending the instrumentation 
into the subaxial spine might lead to a decrease in the range 
of motion, increased surgical time, blood loss, more extensive 
muscle damage, and also increase the costs. This study aims 
in providing solid evidence in terms of clinicoradiological, 
functional, and neurological outcomes of the O‑C1‑2 TAS 
fixation technique.

In terms of surgical outcomes, fixation until C2 is expected 
to have certain advantages in terms of the operation time, 
blood loss, and total hospital stay. Because of the limited 
exposure and less hardware insertion, the blood loss during 
the surgery is expected to be less and also the operative time. 
The average blood loss in the study is 196.29 ± 38.94 ml, 
which is slightly lower than the occipital‑C3 construct in the 
study done by Pan et al.[19] The operative time also shows the 
same, with the mean operative time of 116.29 ± 12.23 min 
in this study as compared to 208.3 ± 51.5 min.[19] The mean 
hospital stay is 5.22 ±  1.28 when compared to 6.7 days 
in the other study.[21] Although hospital stay cannot be the 
best measure for the recovery rate of the patient because it 
is dependent on factors other than the medical reasons such 
as the insurance system and also the postoperative protocols 
of the institute, but it gives a fairly good idea about the 
postoperative comfort levels of the patient.

In terms of pain scores and clinical outcomes such as VAS, 
ODI, and mJOAs scores, this study shows similar or having 
mild superiority compared to other studies.[21‑24] The mean 
increase in mJOA score in the study is around 5 after 5 years 
postoperatively. It is better compared to Ogihara et  al.[23] 
study which reported an increase of 3.8 mJOAS points. The 
improvement in the VAS score and ODI scores is also 
marginally better than the other studies.[20] This explains that 
the reduced tissue trauma intraoperatively causes lesser neck 
pain and improved quality of life postoperatively.

In the study, the use of O‑C1‑2 TAS had a significant 
improvement in radiological parameters such as ADI, O‑C2 
angle, and POCA angle showing sufficient correction of 
malalignment at the craniovertebral junction. The mean ADI 

Table 3: Functional outcomes

Preoperative Postoperative 6 months Postoperative 5  years Significance P
VAS 6.96±1.09 2.89±0.97 2.37±1.08 Significant <0.01 (ANOVA test)
ODI 75.29±6.06 42.8±7.73 25.48±5.05 Significant <0.01 (ANOVA test)
mJOA 11.85±1.41 15.18±0.83 17.04±0.71 Significant <0.01  (t‑test)
VAS  ‑ Visual Analog Scale score; ODI  ‑  Oswestry disability index; mJOA  ‑ Modified Japanese orthopedic association score
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in the study is 2.062 ± 0.39 mm postoperatively, which is 
better compared to the Eduardo Martinez‑del‑Campo et al. 
study showing the mean ADI of 3.2 mm.[16] The postoperative 
correction of O‑C2 angle and POCA are similar to other 
studies.[20,25] The postoperative correction of radiological 
parameters suggests a decrease in the mechanical stress 
to the anterior medulla oblongata and leads to indirect 
decompression with relieved medullary compressive 
symptoms.

In a biomechanical study conducted by Martin et al.,[18] they 
compared 4°C constructs and concluded that O‑C1‑2 TAS 
is superior to O‑C2 pars screw and provides stable fixation 
similar to the construct extending till C4 vertebra. They also 
concluded that the increased fusion segment extending to 
C4 in OCF does not significantly reduce the cervical junction 
range of motion. However, this result was demonstrated only 
in vitro, and further in vivo research is needed to determine 
whether the conclusion will be the same in the clinical 
scenario. All the movements such as flexion, extension, 
lateral bending, and rotations show slightly higher values 
in our study compared to this biomechanical study. Another 
biomechanical study conducted by Finn et al.[17] compared 
the relative immediate stiffness for occipital plate fixation 
in concordance with TAS fixation (O‑C1‑2 TAS), C‑1 lateral 
mass and C‑2 pars screw  (C1 L‑C2P), and C‑1 lateral mass 
and C‑2 laminar screw (C1 L‑C2 L) constructs and concluded 
that the C1 L‑C2P and O‑C1‑2 TAS performed better than C1 
L‑C2 L construct.

We had a long‑term follow‑up of 5 years and had only one 
case of implant failure at 10  months postoperatively as 
compared to 8 in the study by Ando et al.[26] Pseudo‑arthrosis 
is seen in 2 out of 27  patients which is comparable to 
other studies. Kukreja[27] reported 4 out of 49  patients 
with nonunion at the final follow‑up and Nockels et al.[28] 
showed 2 out of 69 patients with nonunion. One patient 
with RA has developed subaxial subluxation and neurological 
deterioration. Two patients developed wound complications 
and two patients developed dural tears. However, none of 
the cases developed life‑threatening complications. The 
overall complication rates of our study are comparable 
to those done by Lee et  al.[29]  (6.25%) and those of 
Choi et al.[30] (18.75%).

The primary strength of our study is that it represents a large 
series of occipital‑C1‑2 transarticular screws with a long‑term 
follow‑up of 5 years to date. The retrospective study design, 
however, does limit the strength of the conclusions that can be 
drawn. Furthermore, as a single‑surgeon, single‑institution 
study, the reported results may not be generalizable.

CONCLUSION

Posterior occipitocervical reconstruction with O‑C1‑2 TAS 
constructs provided excellent clinical outcomes, radiological 
outcomes, optimal correction of malalignment in the 
occipitocervical region, and with biomechanically sound 
fixation. Extending the instrumentation into the subaxial 
spine will lead to a decrease in the range of motion, increased 
surgical time, blood loss, more extensive muscle damage, and 
also increase the costs. This makes this technique a valuable 
procedure for the management of atlantoaxial instability.
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