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ABSTRACT
Objectives: Posterior atlantoaxial stabilization can be technically challenging. Postoperative C2 nerve
dysfunction occurs as a complication of this procedure or when a lateral mass is exposed and sacrificed for
screw placement.  Patients with cervical pathology sometimes complain of low back pain simultaneously. In
this study, we aimed to investigate the results of C1-C2 posterior stabilization and C2 nerve root sacrifice on
postoperative lumbar complaints.
Methods: Twenty-six patients who underwent multicentric posterior C1-C2 stabilization due to atlantoaxial
dislocation were retrospectively included in the study.  Those that were not sacrificed the C2 nerve root during
stabilization were considered group 1 (n = 12), and those that were sacrificed the C2 nerve root were considered
group 2 (n = 14). A visual Analogue Scale (VAS) was used for the neck, arm, low back, and leg pain. The EQ-
5D Index was used as the overall quality of life scale. 
Results: Six months postoperatively, both groups showed significant (p < 0.01) improvement in VAS neck,
arm, and low back scores between preoperative and postoperative. In addition, there was no significant
improvement in the VAS leg and EQ-5D score in either of the groups. While no significant decrease was found
in occipital neuralgia in group 1, it showed significant (p < 0.01) improvement in occipital neuralgia in group
2. 
Conclusions:Although the exact pathophysiology is unknown, cervical stabilization surgery and sacrification
of the C2 nerve root in this surgery can, directly and indirectly, improve low back pain.
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C1 and C2 are unique in their anatomical and func-
tional differences that do not conform to the typ-

ical features of vertebrae (atypical vertebrae). In
addition, the C1 and C2 vertebrae cover the entire
brain stem. Therefore, it is an essential bone for the
survival and functionality of the human system. Al-
though trauma is the most common cause of atlantoax-
ial instability, rheumatological diseases, inflammatory

diseases, malignancy, and congenital malformations
cause instability [1]. In atlantoaxial joint instability,
most cases require C1-C2 fixation to preserve verte-
bral column alignment and prevent neuronal compres-
sion. Atlantoaxial stabilization is technically
challenging due to the increased range of motion and
anatomical relationships. Harms developed Goel's
work on atlantoaxial screw fixation in 2001 and de-
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scribed the posterior C1-C2 stabilization technique
using polyaxial screws. This technique was named the
“Goel-Harms method” [2]. Posterior C1-C2 is an im-
portant structure in stabilization because there are vas-
cular plexuses around the C2 nerve root and they pass
under the posterior arch of C1. Preservation of the C2
nerve root in stabilization complicates the operation
and impairs the quality of life by causing entrapment
neuropathy. With C2 neurectomy, C1 screws are
placed much more easily and perioperative blood loss
is reduced. However, sensory deficits and occipital ul-
cers can be seen due to C2 neurectomy. Therefore, the
clinical benefits of sacrificing the C2 nerve are still
controversial [3, 4]. 
      Animal studies have shown connections between
neurons of the C2 spinal cord and the thalamus, hypo-
thalamus, anterior cingulate cortex, and amygdala.
Thus, the C2 spinal cord segment shows that it is di-
rectly connected to most areas of the pain matrix [5,
6]. 
      Studies have shown that decompression of the cer-
vical canal can improve patients' symptoms of
myelopathy or radiculopathy. Studies are showing that
only cervical surgery can lead to improvement in both
cervical and lumbar symptoms as well as the overall
quality of life [7-9]. 
      However, there is no study between the C2 nerve
root and lumbar symptoms. Accordingly, in this study,
we investigated the effect of sacrificing the C2 nerve
root in posterior C1-C2 stabilization on both cervical
and lumbar symptoms as well as the overall quality of
life. 

METHODS

Patient Population 

This study was approved by the İstinye University
ethics committee (3/2022.G-180). 26 patients (be-
tween 18-65 years old) who underwent posterior C1-
C2 stabilization due to atlantoaxial dislocation, and
who were treated at our hospital between January
2015 and January 2022, were included in the retro-
spective study. Patients with terminal cancer, multiple
traumas, chronic organ failure, patients with a history
of spinal surgery, and patients with chronic rheumatic
disease were excluded from the study. 
      Hospital electronic medical records, patients with
posterior C1-C2 stabilization, and lumbar complaints
were retrospectively reviewed. After identification, de-
mographic, clinical, and radiological information
about each patient was collected. Cervical and lumbar
pathologies were evaluated with magnetic resonance
imaging (MRI) preoperatively, both clinically and ra-
diographically. 

Study Design 

      The patients were divided into two groups: those
who did not sacrifice the C2 nerve root in C1-C2 sta-
bilization surgery were named group 1; those who sac-
rificed the C2 nerve root in C1-C2 stabilization
surgery were named group 2. 
      The Visual Analogue Scale (VAS) was used for the
neck, arm, low back, and leg pain, and the EQ-5D
Index was used as the overall quality of life scale. VAS
pain score was evaluated as "painless" (score = 0) and
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Fig. 1. Preoperative cervical CT images of a patient who has a C2 vertebral fracture.
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"worst pain" (score = 10). 
      EQ-5D Index calculates an index score ranging
from -0.59 to 1 from 5 dimensions of the scale. A value
of 1 indicates perfect health, while negative values in-
dicate conditions such as unconsciousness, and con-
finement to bed. 
      All patients were operated on in the prone position
by experienced spinal surgeons using the Mayfield®

nail head restraint. Posterior C1-C2 fusion was per-
formed using the standard posterior midline approach
and the Goel-Harms technique. Confirmed using flu-
oroscopy (Figs. 1 and 2). Operational techniques such
as mobilization and preservation of the C2 nerve root
by retraction (group 1) or sacrificing the C2 nerve root
(Fig. 3) by deliberate cauterization with bipolar (group
2) were applied. 
      Both groups were mobilized with the postopera-
tive cervical orthosis and discharged. Patients received
drug therapy (eg, nonsteroidal anti-inflammatory
drugs, weak opioids, muscle relaxants) and physio-
therapy during follow-up. The patients were evaluated

in terms of VAS, EQ-5D Index values, and occipital
neuralgia at preoperative, postoperative 1st, and 6th

months.

Statistical Analysis 

      Demographic variables among cohorts were dis-
aggregated using Fisher's test. Continuous data be-
tween cohorts were compared with Student's t-test and
post hoc paired t-tests using one-way ANOVA analy-
ses and Tukey's test. All p values < 0.01 were consid-
ered statistically significant to adjust with multiple
comparisons. 

RESULTS

Study Population
Analysis was performed with 26 patients with at least
6 months of follow-up. Twelve patients in group 1 and
14 patients in group 2 were included in the study. The
mean age of the patients was 49.7 (age range: 18-65
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Fig. 2. Postoperative cervical CT images of a patient who has a C2 vertebral fracture. 
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years). Nine (34.6%) of the patients were female and
17 (65.4%) were male. The demographic and clinical
data of both groups are summarized in Table 1. While
there was no statistically significant difference in age
(p = 0.17), the difference was statistically significant
in terms of gender (p < 0.01). The mean hospital stay
was 6.2 days (4-12) in group 1 and 5.9 days (3-18) in
group 2. The difference was not statistically significant
(p = 0.34). 
      The most common etiology for the operation of
C1-C2 fusion was trauma (84.6%), the most common
indication for instrumentation was type 2 dens fracture
(68%), and the most common symptom was axial (me-
chanical) neck pain (87.3%). The most common
pathology in the lumbar was degenerative disc disease
(69.2%). The most common symptom was low back
pain (94.2%). 
      Posterior C1-C2 fusion was applied to all patients
using the Goel-Harms technique. Screws were placed
properly in instrumentation in all patients on postop-
erative imaging. In three patients, the C2 pars screw
breached the vertebral artery foramen without compli-

cations. No patient had evidence of instrumentation
failure or nonunion based on postoperative routine
standard standing radiograms and computed tomogra-
phy scans. No special treatment (medication or phys-
iotherapy) was applied to any patient due to lumbar
pathology. 

Patient Characteristics
      There was a significant decrease in VAS Arm (3.6,
3.3), VAS Neck (3.7, 3.1), and VAS Low Back (3.1,
2.6) in the early postoperative period. Despite this,
there was no significant decrease in VAS Leg (3.1,
2.5), even a slight increase in group 1 (Table 2). How-
ever, these decreases in VAS scores for both groups
were statistically significant (p < 0.01). The changes
in the preoperative and postoperative 6th-month scores
of the patients were as follows. VAS Arm (-2.4, -3.1),
VAS Neck (-3.7, -4.3), VAS Low Back (-0.3, -0.9),
VAS Leg (0.1, -0.2) and EQ-5D (0, 0.01). At the end
of 6 months, VAS was found to be statistically signif-
icant in both surgical cohorts (p < 0.01). However,
there was no statistically or clinically significant im-
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Fig. 3. Sacrified C2 nerve root is indicated by arrows.
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provement in EQ-5D (p = 0.42). 
      While 3 patients (25%) had occipital neuralgia
preoperatively in group 1, occipital neuralgia was seen
in 3 patients (21.4%) in group 2. In the office visits
made 1 month and 6 months after the operation, 4
(33.3%) of 12 patients in group 1 complained of oc-
cipital neuralgia, while 1 (7.1%) of 14 patients in
group 2 complained of occipital neuralgia. 
      The difference between the two groups in terms
of occipital neuralgia was statistically significant (p <
0.01). While only 2 (12.5%) of 12 patients in postop-
erative group 1 had occipital numbness, 4 (33.3%) of
14 patients in group 2 had occipital numbness. While
1 (8.3%) of these patients in group 1 had C2 paresthe-
sia, 3 (21.4%) in group 2 had C2 paresthesia. During
the follow-up, none of the patients had earache,
speech, or swallowing difficulties. After 6 months, 1
patient (8.3%) in group 1 and 4 patients (28.6%) in
group 2 complained of symptomatic drowsiness. 
      No patients in either group had postoperative neu-
rological deterioration, CSF leakage, or vascular in-
jury. A deep wound infection developed in one patient,
intravenous antibiotic therapy was given, and the in-
strumentation was removed. Another patient devel-
oped a superficial subcutaneous infection that resolved
with intravenous antibiotics. No patient developed
neuropathic ulcers in the occipital region. 

DISCUSSION

Sacrificing the C2 nerve root in C1-C2 stabilization
has advantages such as increasing the adequate visu-
alization of the C1 facets [10], reducing blood loss,
and reducing the operation time secondary to avoiding
C2 dissection [11, 12]; It also has disadvantages such
as developing dysesthesia in the C2 dermatome area
or causing postoperative numbness in the occiput and
retro auricular areas. Few researchers have examined
the effects of the C2 nerve in C1-C2 instrumentation,
and although some studies have been reported on this
topic, it is still unclear whether it affects patients' qual-
ity of life [11-16]. 
      The primary aim of this study was to demonstrate
the effect of the sacrification of the C2 nerve root in
atlantoaxial instrumentation on quality of life and
postoperative changes in low back pain. Although
VAS Low Back decreased in both groups, it decreased
significantly in group 2. 
      Studies suggest that the prevalence of both cervi-
cal and lumbar lesions (Degenerative disc disease,
spinal stenosis) is high. Its prevalence was found to be
1-5.5 percent in studies with cadavers [17]. Its preva-
lence was found to be 11% in a study with random
MRI in the patient population [18]. In some studies,
the prevalence of its association was found to be 9-
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60% [19, 20]. Therefore, the coexistence of cervical
and lumbar lesions should be considered. 
      Although the cause of non-specific low back pain
in patients with cervical spinal cord compression is not
known, several hypotheses have been proposed re-
garding its pathophysiology. First, cervical cord com-
pression may affect the spinothalamic tract, limiting
activity by causing central sensitization, and indirectly
causing low back pain [21-23]. Second, due to cervical
cord compression, inhibitory systems and central no-
ciceptive sensation may alter the integrity of endoge-
nous descending pain, causing central tenderness in

the lumbar region, resulting in a low back pain re-
sponse [22, 23]. Third, cervical cord compression may
cause low back pain by disrupting the spinal sagittal
axis [21, 22]. Fourth, findings such as pain, sensory
impairment, and spasticity caused by cervical pathol-
ogy may cause decreased physical activity and thus
indirectly cause low back pain [24]. For these reasons,
it is thought that it may affect low back pain directly
or indirectly. 
      Kawakita et al. [25] showed that 43% of patients'
low back pain complaints improved after cervical sur-
gery in 28 patients with cervical cord compression.
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Our study included patients mostly with lumbar de-
generative changes, similar to this study. However, in
our study, we found that the complaints of VAS-Leg
improved slightly in the postoperative period in both
groups, and even worsened after improvement in
group 2, ie vice versa. This may be due to the small
number of patients included in both studies. 
      Studies by Kim et al. [24] and Epstein et al. [26]
thought that physical activity might help improve low
back pain by causing patients with cervical decom-
pression surgery to be more active. In our study, we
found that although the VAS Low Back was statisti-
cally significantly decreased in both groups (VAS Low
Back (-0.3, -0.9)), it was statistically significantly de-
creased in group 2 (p < 0.01). 
      Alvin et al. [9] showed significant improvement
in EQ-5D in their 1-year study on 84 patients and Dagi
et al. [27] in a 22-month retrospective study with 19
patients. In our study, no significant difference was
found in VAS Leg and EQ-5D. It may be related to the
severity of cervical pathology or lumbar pathology. It
may also be a coincidental finding due to the small
number of patients in the study. 
      In C1-C2 instrumentation, visualizing the C1 lat-
eral mass requires mobilization of the C2 nerve root.
In the preservation of the C2 nerve root, the pressure
of the screw on the C2 nerve root is a possible cause
of this neuralgia. Dewan et al. [13] showed that it may
be associated with occipital neuralgia in approxi-
mately 35% of patients in instrumentation with the
preserved C2 nerve root. This may explain the in-
crease in postoperative occipital neuralgia in group 1
and the decrease in neuralgia in Group 2 in our study. 
A larger and longer follow-up study is required to clar-
ify the pathophysiology of low back pain after cervical
instrumentation surgery. 

Limitations

      Due to the small number of patients included in
this study, it did not have a sufficiently large compar-
ison group in which the C2 nerve root was preserved,
and it has several limitations, including being retro-
spective. Because its pathophysiology is unclear, this
study may identify an incidental finding. We speculate
that the reduction of low back pain symptoms is due
to increased mobilization. However, the activity was
not implemented and evaluated systematically.

CONCLUSION

Improvement of lumbar symptoms following at-
lantoaxial instrumentation surgery was determined by
clinical findings rather than imaging findings. Al-
though the exact pathophysiology cannot be demon-
strated, it can, directly and indirectly, ameliorate low
back pain. There was no improvement in the quality
of life of the patients in our study. Future prospective
studies are needed to confirm these findings and ex-
amine the effect of sacrificing the C2 nerve root on pa-
tients with low back pain. 

Authors’ Contribution 
      Study Conception: CS, RA; Study Design: CS,
RA; Supervision: CS, RA; Funding: CS, RA; Materi-
als: CS, RA; Data Collection and/or Processing: CS,
RA; Statistical Analysis and/or Data Interpretation:
CS, RA; Literature Review: CS, RA; Manuscript
Preparation: CS, RA and Critical Review: CS, RA. 

Conflict of interest 
      The authors disclosed no conflict of interest during
the preparation or publication of this manuscript. 

Financing 
      The authors disclosed that they did not receive any
grant during conduction or writing of this study.

REFERENCES

1. Rezvani M, Sourani A, Nikzad H. Postoperative complications
of Goel-Harms C1-C2 screw-rod fixation technique with for C1-
C2 instability after C2 nerve sacrifice, a prospective study over
two years follows up. J Clin Neurosci 2021;88:52-6.
2. Bourdillon P, Perrin G, Lucas F, Debarge R, Barrey C. C1-C2
stabilization by harms arthrodesis: Indications, technique, com-
plications and outcomes in a prospective 26-case series. Orthop
Traumatol Surg Res 2014;100:221-7.
3. Florman JE, Cushing DA, England EC, White E. How to tran-
sect the C2 root for C1 lateral mass screw placement: case series
and review of an underappreciated variable in outcome. World
Neurosurg 2019;127:e1210-4.
4. Salunke P, Karthigeyan M, Futane S. Pros and cons of C2
nerve sectioning/preservation in posterior fusion for congenital
atlantoaxial dislocation. World Neurosurg 2018;118:e925-32.
5. Edvinsson L. Tracing neural connections to pain pathways with
relevance to primary headaches. Cephalalgia 2011;31:737-47.
6. De Ridder D, Plazier M, Menovsky T, Kamerling N, Vanneste

The European Research Journal   Volume 9   Issue 2   March 2023 365



Eur Res J 2023;9(2):359-366 Low back pain after atlantoaxial stabilization

S. C2 subcutaneous stimulation for failed back surgery syndrome:
a case report. Neuromodulation 2013;16:610-3.
7. Eskander MS, Aubin ME, Drew JM, Eskander JP, Balsis SM,
Eck J, et al. Is there a difference between simultaneous or staged
decompressions for combined cervical and lumbar stenosis? Clin
Spine Surg 2011;24:409-13.
8. Kikuike K, Miyamoto K, Hosoe H, Shimizu K. One-staged
combined cervical and lumbar decompression for patients with
tandem spinal stenosis on cervical and lumbar spine: Analyses of
clinical outcomes with minimum 3 years follow-up. J Spinal Dis-
ord Tech 2009;22:593-601.
9. Alvin MD, Alentado VJ, Lubelski D, Benzel EC, Mroz TE.
Cervical spine surgery for tandem spinal stenosis: The impact on
low back pain. Clin Neurol Neurosurg 2018;166:50-3.
10. Goel A, Kaswa A, Shah A, Rai S, Gore S, Dharurkar P. Ex-
traspinal-interdural surgical approach for C2 neurinomas - Report
of an experience with 50 cases. World Neurosurg 2018;110:575-
82.
11. Kang MM, Anderer EG, Elliott RE, Kalhorn SP, Frempong-
Boadu A. C2 nerve root sectioning in posterior C1-2 instru-
mented fusions. World Neurosurg 2012;78:170-7.
12. Elliott RE, Kang MM, Smith ML, Frempong-Boadu A. C2
nerve root sectioning in posterior atlantoaxial instrumented fu-
sions: a structured review of literature. World Neurosurg
2012;78:697-708.
13. Dewan MC, Godil SS, Devin CJ, McGirt MJ. C2 nerve root
transection during C1 lateral mass screw fixation: does it affect
functionality and quality of life? Spine J 2013;13:3-4.
14. Hamilton DK, Smith JS, Sansur CA, Dumont AS, Shaffrey
CI. C-2 neurectomy during atlantoaxial instrumented fusion in
the elderly: patient satisfaction and surgical outcome. J Neurosurg
Spine 2011;15:3-8.
15. Squires J, Molinari RW. C1 lateral mass screw placement
with intentional sacrifice of the C2 ganglion: Functional out-
comes and morbidity in elderly patients. Eur Spine J.
2010;19:1318-24.
16. Sezer C, Gokten M, Sezer A, Gezgin İ, Binboga AB, Onay
M. Role of craniectomy versus Craniotomy via the retrosigmoid
approach in decreasing the incidence of postoperative headache.
Int Surg 2022;106:32-8.

17. Bajwa NS, Toy JO, Ahn NU. Is congenital bony stenosis of
the cervical spine associated with congenital bony stenosis of the
thoracic spine? An anatomic study of 1072 human cadaveric
specimens J Spinal Disord Tech 2013;26:24-9.
18. Nagata K, Yoshimura N, Hashizume H, Ishimoto Y, Muraki
S, Yamada H, et al. The prevalence of tandem spinal stenosis and
its characteristics in a population-based MRI study: the
Wakayama Spine Study. Eur Spine J 2017;26:2529-35.
19. Lee SH, Kim KT, Suk KS, Lee JH, Shin JH, So DH, et al.
Asymptomatic cervical cord compression in lumbar spinal steno-
sis patients: a whole spine magnetic resonance imaging study.
Spine (Phila Pa 1976) 2010;35:2057-63.
20. Kawaguchi Y, Oya T, Abe Y, Kanamori M, Ishihara H, Yasuda
T, et al. Spinal stenosis due to ossified lumbar lesions. J Neuro-
surg Spine 2009;3:262-70.
21. Ochiai H, Yamakawa Y, Minato S, Nakahara K, Nakano S,
Wakisaka S. Clinical features of the localized girdle sensation of
mid-trunk (false localizing sign) appeared in cervical compres-
sive myelopathy patients. J Neurol 2002;249:549-53.
22. Roussel NA, Nijs J, Meeus M, Mylius V, Fayt C, Oostendorp
R. Central sensitization and altered central pain processing in
chronic low back pain: Fact or myth? Clin J Pain 2013;29:625-
38.
23. Correa JB, Costa LO, de Oliveira NT, Sluka KA, Liebano
RE. Central sensitization and changes in conditioned pain mod-
ulation in people with chronic nonspecific low back pain: a case-
control study Exp Brain Res 2015;233:2391-9.
24. Kim CH, Chung CK, Lee U, Choi Y, Park SB, Jung JM, et
al. Postoperative changes in moderate to severe nonspecific low
back pain after cervical myelopathy surgery. World Neurosurg
2018;116:e429-35.
25. Kawakita E, Kasai Y, Uchida A. Low back pain and cervical
spondylotic myelopathy. J Orthop Surg (Hong Kong)
2009;17:187-9.
26. Epstein N, Epstein J, Carras R, Murthy V, Hyman R. Coex-
isting cervical and lumbar spinal stenosis: diagnosis and manage-
ment. Neurosurgery 1984;15:489-96.
27. Dagi TF, Tarkington MA, Leech JJ. Tandem lumbar and cer-
vical spinal stenosis. J Neurosurg 2009;66:842-9.

366 The European Research Journal   Volume 9   Issue 2   March 2023

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

