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Abstract

Background: Surgical treatment is mainly used for atlantoaxial tuberculosis with neurological damage. However,
the anatomic structure around the atlantoaxial joint is complex, and the position of vertebral body is deep, which
increases the difficulty of the operation and it is challenging for the surgeon to develop surgical strategy. The
purpose of this study was to evaluate the clinical outcomes of one-stage combined anterior and posterior surgical
treatment approach for atlantoaxial tuberculosis with neurological impairment.

Methods: From January 2005 to January 2015, 12 patients suffering from atlantoaxial tuberculosis with neurological
impairment were surgically treated by one-stage combined anterior and posterior approach. Preoperative CT scanning
and MRl imaging showed unilateral or bilateral lateral mass destruction of the atlas, and varying destruction degrees of
odontoid process, loss of atlantoaxial stability, and tuberculosis focus into the spinal canal resulting in the corresponding
spinal cord compression in all patients. The preoperative neurological classifications were Class C for 4 cases, D for 8
cases according to the American Spinal Injury Association (ASIA) system. Quadruple sensitive anti-TB drug treatment was
used in all 12 patients preoperative and postoperative. Patients’ clinical symptoms and neurological function recovery
were evaluated by comparing the Visual Analogue Scale (VAS) score, Neck Disability Index (NDI), Japanese Orthopedic
Association (JOA) score and ASIA grading before operation and at the final follow-up.

Results: Mean surgical duration was 263.3 + 43.6 min. Intraoperative blood loss was averagely 529.2 + 169.8 ml. The
average fusion period was 7.3 £+ 1.5 months. No instrumentation loosening, migration or breakage was observed during
the follow-up of 6.5 + 2.9 years. The VAS, NDI and JOA scores were significantly changed to 1.00 + 095, 9.50 + 3.34 and
1542 + 144 at last follow-up (P < 0.05). The neurological function of all 12 patients was recovered to Class E according to
the ASIA grading system.

Conclusion: In the treatment of atlantoaxial tuberculosis with neurological impairment, one-stage combined anterior
and posterior surgical approach have the ability to complete debridement and decompression, and reconstruction of
the stability of the upper cervical spine.
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Background

Upper cervical tuberculosis refers to tuberculosis in C1-2
segment of spinal tuberculosis, therefore it is also known
as atlantoaxial tuberculosis. This disease is relatively rare
in clinic, and its incidence is only about 0.3—1% in total
tuberculosis of spine [1-5]. In recent years, the incidence
of tuberculosis is increasing worldwide, developing coun-
tries and with resurgence tuberculosis in North America
and other developed countries in immunocompromised
patients, the incidence of spinal tuberculosis, including in-
volvement of the atlantoaxial, also is increasing [6-9].
Anatomically, this site is the transitional region of cranio-
vertebral junction, at which the stress is more concen-
trated. Lesions can lead to the loss of the stability of upper
cervical spine, atlantoaxial dislocation, giant paravertebral
abscess, or even neurological damage and other symp-
toms, which are harmful to patients. The atlantoaxial
anatomy is special, and the lesion site of tuberculosis is
deep. Patients’ early symptoms are not typical. Most pa-
tients present with only neck pain and discomfort. About
30-70% patients often have symptoms of neurological
dysfunction before treatment, since they did not receive
timely treatment or had missed diagnosis or misdiagnosis
[10, 11]. At present, surgical treatment is mainly used for
atlantoaxial tuberculosis complicated with neurological
damage. However, the anatomic structure around the
atlantoaxial joint is complex, and the position of vertebral
body is deep, which increases the difficulty of the oper-
ation and it is challenging for the surgeon to develop
surgical strategy. In order to solve these challenges, mul-
tiple surgical methods have been developed. To the best
of our knowledge, the surgical treatment of atlantoaxial
tuberculosis combined with neurological impairment has
rarely been reported. This article retrospectively reviewed
the 12 cases of atlantoaxial tuberculosis complicated with
neurological damage who received one-stage anterior and
posterior surgery in our hospital from January 2005 to
January 2015, to discuss the clinical prognosis of this
operation.

Methods

General information

From January 2005 to January 2015, 12 patients with
atlantoaxial tuberculosis complicated with neurological
damage received one-stage anterior and posterior
surgery. 7 of them were males and the other 5 were
females, aging from 19 to 46 years old with an aver-
age of 33.3+7.6years old. All of these patients had
persistent neck pain, stiffness, limited mobility and
other local symptoms. 7 patients were complicated
with afternoon fever, night sweat, weight loss and
other systemic symptoms of tuberculosis. Their aver-
age erythrocyte sedimentation rate (ESR) was 59.6 +
31.1 mm/h, and the average C-reactive protein level
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was 51.7 +42.9 mg/l. Preoperative cervical CT and
MRI showed that there was lateral bone destruction
at unilateral or bilateral Atlas for all patients, differ-
ent degrees of bone destruction at odontoid process,
loss of atlantoaxial stability, and intraspinal tubercu-
losis, leading to compression of corresponding seg-
mental spinal cord. MRI confirmed that all the 12
patients had paravertebral abscess and retropharyn-
geal abscess formation. ASIA grading of preoperative
neurological function assessment was: 4 cases of
grade C and 8 cases of grade D (Table 1).

Preoperative preparation

All patients received anti-tuberculosis treatment with
continuous usage of isoniazid, rifampicin, pyrazinamid,
and streptomycin for more than 2 weeks. They were all
treated with continuous skull traction after admission, in
order to 1) stabilize the spine and avoid secondary damage
of spinal nerves; 2) make the intraoperative reduction of
atlantoaxial dislocation convenient; 3) favor the focal ex-
posure of anterior surgery. Meanwhile, the nutritional
support of patients was used for the correction of patients’
anemia and hypoproteinemia. All patients underwent
routine chest X-ray and chest CT examination to exclude
active pulmonary tuberculosis.

Surgical procedure

All 12 patients were treated with one-stage anterior and
posterior debridement, bone graft fusion and internal
fixation.

Anterior operation: all patients were at supine position
with general anesthesia by tracheal intubation. The left
or right incision at the neck was chosen according to
side with more pus on the cervical MRI. The plane of
angulus mandibulae was centered and used as the

Table 1 Preoperative demographic and clinical characteristics
of the patients

Patients ESR (mm/h) CRP (mg/l) ASIA grade
1 28 8.6 D
2 65 358 C
3 110 1286 D
4 15 54 C
5 47 68.2 D
6 82 76.8 D
7 70 56.2 C
8 36 16.5 D
9 58 182 C
10 86 110.2 D
1 20 6.8 D
12 98 886 D

ESR erythrocyte sedimentation rate, CRP C-reactive protein
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starting point for incision to make an arc incision of
about 8 cm long along the medial border of the sterno-
cleidomastoid muscle. The platysmamyoides were cut
open, the cleidomastoids were pulled outward, and the
anterior vertebral fascia was dissected by oblique upward
blunt separation through the spaces between the carotid
sheath and the tracheoesophageal sheath. The anterior
vertebral fascia and the walls of abscess were cut open
to suck the pus. The atlantoaxial joint was exposed to
the side of head. Caseous necrosis, sequestrum and
other inflammatory tissues were completely removed.
Partial tuberculosis tissues were saved for pathological
examination, tubercle bacillus culture and drug sensitivity
test. Intraspinal tuberculosis lesions were carefully re-
moved to completely relieve the spinal cord compression.
After a thorough rinse with a small flush gun, strepto-
mycin powder was sprayed locally, and streptomycin gel-
atin sponge was used to cover the front of the vertebra.
The drainage tubes were indwelt, and the cuts were closed
layer by layer.

Posterior operation: patients were turned over. Longi-
tudinal incision was made in the middle of the posterior
of neck occiput. The skin and subcutaneous tissues were
cut sequentially. Subperiosteal stripping was made along
the two sides of spinous process, to fully expose the
cranial base, C1 posterior arch and C2-4 lamina. The
tuberculosis lesions of 3 cases spread into the posterior
arch of Atlas, affecting the rear structure and leading to
its damage. These patients were treated with resection of
posterior arch of Atlas, focal debridement, occipitocervi-
cal fixation and bone graft fusion with autogenous iliac
bone. For the other 9 cases without tuberculosis spread-
ing to the posterior structure of Atlas, only occipitocer-
vical fixation and bone graft fusion with autogenous iliac
bone were applied. For patients who received posterior
focal debridement, streptomycin gelatin sponge was also
used for local coverage after thorough rinse in order to
control the local lesions.

Postoperative treatment

Postoperative pathological examination confirmed that
all 12 patients were infected with tuberculosis. They
received routine antibiotics treatment for 48 h after op-
eration, followed by 3 days of hormone and dehydration
drug treatment. All patients were discharged after a
stable condition. They were asked to wear a head and
neck brace for 3 months after being discharged. For the
5 cases with negative tubercle bacillus culture results,
quadruple strengthening antituberculosis therapy with
isoniazid, rifampicin, pyrazinamide and streptomycin
was applied for 3 months, after which streptomycin was
replaced with ethambutol for a continuous treatment for
9-15 months. For the 7 cases with positive tubercle ba-
cillus culture results, 4 sensitive antituberculosis drugs
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were selected according to the results of drug sensitivity
for 12-18 months of treatment. For those who received
streptomycin, it was also replaced by other sensitive
drugs after 3 months for another 9-15 months of treat-
ment. ESR, CRP, liver and renal function were reviewed
monthly.

Evaluation of curative effect

All patients were reexamined 3, 6, 9, and 12 months
after operation, followed by reexamination every 1 year.
The location of internal fixation, whether there was loos-
ening or displacement, the status of bone graft fusion
and so on were evaluated by X-ray imaging or CT scan-
ning. The criteria of cure of tuberculosis were as follows:
with more than 2vyears follow-up, patient’s symptoms
disappeared, no internal fixation failure and sinus forma-
tion happened, imaging confirmed that bone fusion was
good, and 6 months of continuous ESR and CRP examina-
tions were normal. Patients’ clinical symptoms and neuro-
logical function recovery were evaluated by comparing the
Visual Analogue Scale (VAS) score, Neck Disability Index
(NDI), Japanese Orthopedic Association (JOA) score and
American Spinal Injury Association (ASIA) grading before
operation and at the final follow-up.

Statistical analysis

t-test was used to compare the VAS score, NDI score and
JOA score before operation and at the last follow-up. Stat-
istical analysis was performed by SPSS 19.0 (Chicago, IL,
USA) software. P < 0.05 was considered to be statistically
different. All statistical data were recorded as mean +
standard deviation.

Results

The average operation time was 263.3 + 43.6 min. And
average amount of bleeding was 529.2 + 169.8 ml. There
was no serious complication such as vertebral artery or
spinal cord injury. No cerebrospinal fluid leakage or
esophageal leakage occurred. 1 patient had postoperative
choking cough, suggesting great possibility of incomplete
injury of superior laryngeal nerve. This was likely because
of intraoperative traction of superior laryngeal nerve. This
patient received symptomatic treatment such as neuro-
trophic therapy, etc. The symptom disappeared 3 months
after operation. All other patients had no obvious surgical
complications. The 12 cases were followed up for 2—-12
years, with an average of 6.5+ 2.9 years. CT results of 7
patients during the 6 months of follow-ups after operation
showed that their occipitocervical fusions were complete.
For the other 5 cases, they had complete occipitocervical
fusions 9 months after operation shown by CT examina-
tions. The average fusion period was 7.3 + 1.5 months. No
internal fixation loosening, displacement, fracture or other
internal fixation related complications occurred. All the
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Table 2 Clinical outcomes of the 12 patients
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Patients Operation Bleeding Fusion VAS score NDI score JOA score
time(min.) amount(ml) period(mos.) Pro- Post Pro- Post Pre- Post

1 220 450 6 7 0 35 7 9 17
2 260 300 6 6 1 39 8 6 14
3 320 550 9 8 0 34 6 10 16
4 210 750 6 6 2 37 16 5 12
5 250 650 9 8 0 42 7 10 17
6 310 550 9 9 1 36 9 9 15
7 230 350 6 5 1 41 11 6 16
8 280 400 9 8 0 33 7 8 15
9 330 800 6 6 1 38 9 5 16
10 210 300 9 7 3 37 16 1 17
1 300 650 6 8 2 36 10 10 15
12 240 600 6 7 1 37 8 8 15

Pre Preoperative, Post- Postoperative
VAS score Visual Analogue Scale score, NDI score Neck Disability Index score
JOA score Japanese Orthopaedic Association score

12 patients were clinically cured at the final follow-up.
The patients’ average VAS score at the final follow-up was
1.00 £ 0.95, which was significantly different from that be-
fore operation which was 7.08 + 1.16 (P <0.05). And the
average NDI score at the final follow-up (9.50 + 3.34) were
also significantly different from that before operation
(37.08 £2.64) (P <0.05). In addition, the average JOA
score at the final follow-up was 15.42 + 1.44, significantly
different from that before operation (8.08 +2.11) (P <
0.05). Detailed clinical results and statistical results are
shown in Tables 2 and 3. The 12 patients had different
degrees of neurological function recovery at the final
follow-up, of whom the 4 at grade C and 8 at grade D
were all improved to be grade E (typical case is shown in
Figs. 1,2,3,4,5,6,7, 8).

Discussion

Although tuberculosis is still an important health killer
in developing countries, people from developed countries
could not escape from it yet. Since the resurgence of tu-
berculosis in the United States in 1985, tuberculosis is
spreading all over the world in recent years. The number
of patients increases year by year [12, 13]. Nussbaum et al.

Table 3 Statistical results in the VAS score, NDI score and JOA score

[14] reported 75% of patients with spinal tuberculosis
were diagnosed after 1983, which suggested the frequency
of spinal tuberculosis is on increase. The incidence of
spinal tuberculosis is relatively low, accounting for less
than 1% in all tuberculosis, and accounting for only about
6% in extrapulmonary tuberculosis [6, 15]. Atlantoaxial tu-
berculosis is extremely rare in clinic, accounting for only
about 0.3—1% of all spinal tuberculosis [1-5, 9]. Litera-
tures about clinical study of this disease are relatively rare
due to such a low incidence.

Atlantoaxial tuberculosis is often a secondary infection.
The tuberculosis infection at the retropharyngeal space is a
protracted course of disease, which spreads to the atlan-
toaxial joint, forming localized tuberculosis lesions. Of
course, there are still very few patients with primary atlan-
toaxial tuberculosis, rather than secondary [16]. Occurrence
of atlantoaxial tuberculosis is more concealing. The clinical
symptoms appear relatively late, so that patients often have
serious damage before treatment. Neurologic deficits are
common seen in patients with tuberculosis of the atlan-
toaxial segments, which is associated with compression on
the spinal cord or nerve roots [17]. Arunkumar et al. [11]
reported that atlantoaxial tuberculosis complicated with

Preoperative Postoperative 95% Confidence interval P-value

Lower upper
VAS score 708 £ 1.16 1.00 = 0.95 5.02 7.5 <0.001
NDI score 37.08 + 2.64 950 + 334 25.09 3007 <0.001
JOA score 808 + 2.11 1542 £ 144 —843 —6.24 < 0.001

VAS score Visual Analogue Scale score, NDI score Neck Disability Index score
JOA score Japanese Orthopaedic Association score
Data are presented as mean * standard deviation
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Fig. 1 A male patient at 29 years old with atlantoaxial tuberculosis combined with neurological damage. The ASIA grading was C. Preoperative
anteroposterior and lateral radiographs showed mild lateral curvature of the cervical spine and bone disorders of the upper cervical spine

neurological symptoms accounted for about 30-70%, and
Gupta et al. [5] reported an even higher ratio of such dis-
ease at 80%. Atlantoaxial tuberculosis is more likely to
combine with neurological damage as compared to spinal
tuberculosis at other sites. Behari et al. [18] reported that
the incidence of atlantoaxial tuberculosis complicated with
neurological damage is higher than that of lower cervical
tuberculosis. Hsu and Leong [19] reported thatatlantoaxial

tuberculosis patients with neurological damage were 42.5%,
significantly higher than the neurological damage rate of
15-30% at other sites of spinal tuberculosis.

Patients with atlantoaxial tuberculosis complicated with
neurological damage often have formation of posterior
pharyngeal wall and paravertebral abscess, serious damage
of lateral mass of atlas, odontoid process or the vertebral
body of axis, loss of atlantoaxialstability, intraspinal

Fig. 2 Preoperative 3D-CT examination revealed left lateral mass destruction of Atlas caused by tuberculosis lesion and the loss of atlantoaxial stability
J
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Fig. 3 Preoperative CT scanning showed severe damages at the odontoid process and the vertebral body on the left side

occupancy and compression of spinal cord. It is generally
difficult to work with only conservative treatment. Surgi-
cal intervention to remove tuberculosis, full decompres-
sion, and reconstruction of upper cervical spine stability
appear to be particularly necessary [20, 21]. However, it is
still controversial for which surgical strategy to be used
for the accomplishment of the above purposes at present.

Fig. 4 Preoperative MRI examination showed formation of
atlantoaxial paravertebral abscess and retropharyngeal absess. The
tuberculosis lesions spread into the spinal canal, leading to obvious
compression of the spinal cord at C1-2 segments

Single anterior or posterior operation is now rarely used.
For single anterior operation, the tuberculosis lesion is
often secondary to the front retropharyngeal space tuber-
culosis, the tuberculosis lesions were mainly located in the
anterior part of the vertebral body, and the compression
of spinal cord is usually caused by the from pressure.
Therefore, anterior operation has the advantages of direct
removal of lesions, direct decompression, and removal of
spinal cord compression. However, due to the serious
damage of atlantoaxial anterior column, the anatomical
characteristics of atlantoaxial joint itself, and lack of reli-
able anterior internal fixation material making it difficult
to get firm anterior fixation, and so on, it is particularly
difficult to achieve the fusion of bone graft and the recon-
struction of stability after focal debridement. Fang et al.
[10] reported that single anterior operation has a more
than 50% of the failure rate of bone graft fusion. Mean-
while, among the 12 cases in this study, the tuberculosis
lesions of 3 cases spread into the posterior structure of the
atlantoaxial joint, making it impossible for complete focal
debridement by single anterior operation. Although single
posterior operation can well reconstruct the stability of
the upper cervical spine, the tubercolosis lesions and
spinal cord compression mainly locate in the anterior col-
umn of the vertebral body, making it impossible to achieve
focal clearance or decompression of neural canal. Zhang
et al. [22] reported that treatment by single posterior focal
clearance and short segment fixation and fusion for 11
cases of children with atlantoaxial tuberculosis had satis-
factory effect, however, for patients complicated with
neurological damage and patients with imaging of spinal



Wang et al. BMIC Musculoskeletal Disorders (2019) 20:148

Page 7 of 10

satisfactory stability reconstruction of the upper cervical spine

Fig. 5 X-ray examination one week after operation showed good recovery of cervical physiological curvature, good internal fixation position, and

cord compression, anterior decompression was often ne-
cessary. Therefore, the combined therapy with anterior
and posterior operations has become the first choice for
treatment of atlantoaxial tuberculosis complicated with
neurological damage. On the basis of focal debridement
and spinal cord decompression by anterior operation, pos-
terior operation could not only further remove the lesions
spread into the posterior column but also provide strong
reduction strength for the dislocation or subluxation of
the atlantoaxial joints and achieve reconstruction of the
upper cervical spinal stability.

Fig. 6 CT examination 9 months after operation showed
occipitocervical fusion by posterior bone graft

When the combined anterior and posterior operations
are used, the main difference of posterior approach is
the different fixation method. The surgeon can choose
from atlantoaxial fixed fusion and occipitocervical fixed
fusion. Under the premise of complete focal clearance of
tuberculosis, short segment fixation and fusion should
be used as far as possible for maximum reservation of
activity of the cervical spine. To minimize the loss of cer-
vical spine mobility is an important principle to choose the
fixed fusion method [23]. Thereafter, atlantoaxial arthrodesis
has more advantages. However, the disease progressions
were late for the 12 cases in this study, which all devel-
oped with neurological symptoms and formation of
prevertebral giant abscess causing serious damage of
atlantoaxial joints. Preoperative CT examination showed
that all the 12 cases were complicated with lateral mass
destruction at unilateral or bilateral Atlas, making it im-
possible to imbed the Atlas pedicle screw or lateral mass
screw. While the strength of the screw at posterior arch of
Atlas is poor, unable to reconstruct the stability of the
upper cervical spine, and the posterior arches of 3 patients
were removed making it impossible to imbed screws.
Therefore, occipitocervical fixed fusion was used in this
study. We believe it is more important to reconstruct the
stability of the upper cervical spine, as compared to mobil-
ity of the upper cervical spine.

Anterior operation can choose from transoral ap-
proach, lateral upper cervical approach, anterior retro-
pharyngeal approach and traditional anterior cervical
approach [6, 11, 18, 24—27]. Transoral approach is the
most direct way for the exposure of the atlantoaxial an-
terior. However, the operation space of this approach
was narrow through mouth, and the operative field was
deep. In addition, it is easy to get mixed infection,
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the cervical vertebra was maintained well
A\

Fig. 7 Lateral 3D-CT examination 5 years after operation showed that the internal fixation position was good, and the physiological curvature of

recurrence of tuberculosis, change of pronunciation,
edema of the tongue, leakage of cerebrospinal and other
complications [28]. Meanwhile, since all the 12 cases in
this study were complicated with neurological symptoms,
making the perioperative oral nursing difficult, the trans-
oral approach is not very suitable. Lateral upper cervical
approach is another commonly used method to expose the
atlantoaxial joints. However, this approach usually exposes
only one side of the atlantoxial joint. For patients with ex-
tensive tuberculosis foci or abscess lesions on both sides,
exposure at both sides is required for complete focal de-
bridement [27]. This not only increases the surgical
trauma, but also extends the operation time, increasing the
surgical risk. At the meantime, the external jugular vein
needs to be cut off during this operation when necessary,

Fig. 8 Posterior 3D-CT examination 5 years after operation showed
that the internal fixation and bone graft position was good

and the carotid sheath often needs to be cut open. In
addition, this operation is adjacent to the vertebral artery,
further increasing the surgical risk. The retropharyngeal
approach can reveal the lower clivus, the C1 anterior arch,
the C2 odontoid process and the vertebral body, which
could avoid potential pollution of Mycobacterium tubercu-
losis and mixed infection in mouth and throat. However,
the anatomical structure of this approach is complex,
which often requires excision of the submandibular gland,
and exposure of the hypoglossal nerve, facial artery and
other important structures. The requirement of the surgi-
cal technic is high and there might be many complications.
The traditional anterior cervical approach was used for all
the 12 cases in this study. This procedure is an extension
of the upper cervical spine of the classical Smith-Robinson
approach. Its operation is simple, and most surgeons are
familiar with this approach. This approach is safer since
only the superior laryngeal nerve and hypoglossal nerve
need to be protected at the operational site during the ex-
posure, where there are no other important structures.
However, the exposure of the atlantoaxial joint by this sur-
gical approach is not as complete as the above operation
methods. Since the mandibular block often requires the
usage of pulling hook to stretch toward the head for the
exposure of the Atlas, there might be risk of incomplete
clearance of the foci. But for the 12 patients in this study,
they received operations by this approach with the usage of
small flush gun, which completely cleared the disease foci
and decompressed the spinal cord. By medium and long
term follow-up observation, there was no recurrence of
tuberculosis, and all the 12 patients had neurological func-
tion recovery.

Conclusion

In summary, for the treatment of atlantoaxial tuberculosis
complicated with neurological damage, one-stage combined
anterior and posterior surgical operation can achieve
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debridement of tuberculosis lesions, complete decompres-
sion of the spinal cord and reconstruction of the upper cer-
vical spine stability. Traditional anterior cervical approach
for anterior operation, combined with occipitocervical fixed
fusion for posterior operation is a reasonable and reliable
treatment strategy. In that case, good clinical outcomes will
be obtained through medium- and long-term follow-up
observation.

Abbreviations

ASIA: American Spinal Injury Association; C: Cervical; CRP: C-reactive Protein;
CT: Computed Tomography; ESR: Erythrocyte Sedimentation Rate;

JOA: Japanese Orthopedic Association; MRI: Magnetic Resonance Imaging;
NDI: Neck Disability Index; TB: Tuberculosis; VAS: Visual Analogue Scale

Acknowledgements
We are thankful for the support of the nursing staffs from the Department of
Spine Surgery, Honghui Hospital, Xi'an Jiaotong University College of Medicine.

Funding

This study was supported by the social development project of
Shaanxi provincial science and Technology Department (2016YFJH2-06)
and the program of Xi'an Municipal Science and Technology Bureau
(SF1512-3). The two funds provided assistance in patient follow-up
and data collection.

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Authors’ contributions

BW and RS designed the study, analysed and interpreted data, and
wrote the manuscript. TY and HZ helped to design the study,
acquired, analysed and interpreted data. HH and WH helped to
performed surgical treatment, analysed and interpreted data. DH
helped to design the study, he was the first critical reviewer, and the
senior author. All authors read and approved the final manuscript. All
authors meet the ICMJE guidelines for authorship.

Ethics approval and consent to participate

All patients receive oral and written information among their participation in
the registry. They sign a written consent to participate in the registry. The
registry protocol was approved by the Medical Ethics Committee (Honghui
Hospital, No. 2017066).

Consent for publication

Written informed consent was obtained from the patient for publication of
this case and any accompanying images. A copy of the written consent is
available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Spine Surgery, Honghui Hospital, Xi‘an Jiaotong University
College of Medicine, No. 76 Nanguo Road, Xi'an 710054, Shaanxi, China.
’Department of Orthopaedics, Baoji Hospital of traditional Chinese Medicine,
No. 43 Baofu Road, Baoji 721000, Shaanxi, China.

Page 9 of 10

Received: 10 April 2018 Accepted: 27 March 2019
Published online: 06 April 2019

References

1. Desai SS. Early diagnosis of spinal tuberculosis by MRI. J Bone Joint Surg Br.
1994;76(6):863-9.

2. Lal AP, Rajshekhar V, Chandy MJ. Management strategies in tuberculous
atlanto-axial dislocation. Br J Neurosurg. 1992;6:529-35.

3. Kalra SK, Kumar R, Mahapatra AK. Tubercular atlantoaxial dislocation in
children: an institutional experience. J Neurosurg. 2007;107(2 Suppl):111-8.

4. Chaudhary K, Potdar P, Bapat M, Rathod A, Laheri V. Structural odontoid
lesions in craniovertebral tuberculosis: a review of 15 cases. Spine. 2012;
37(14):£836-43.

5. Gupta SK, Mohindra S, Sharma BS, Gupta R, Chhabra R, Mukherjee KK,
Tewari MK, Pathak A, Khandelwal N, Suresh NM, Khosla VK. Tuberculosis of
the craniovertebral junction: is surgery necessary? Neurosurgery. 2006;58(6):
1144-50.

6. Sinha 'S, Singh AK, Gupta V, Singh D, Takayasu M, Yoshida J. Surgical
management and outcome of tuberculous atlantoaxial dislocation: a 15-
year experience. Neurosurgery. 2003;52(2):331-8.

7. Wang B, Kong L, Zhu Z, Gao W, Guo H, Wang X, Li H, Zhao Q, Zhang H, Hao D.
Recurrent complex spinal tuberculosis accompanied by sinus tract formation:
causes of recurrence and clinical treatments. Sci Rep. 2018,8(1):6933.

8. Zhu Z Hao D, Wang B, Gao W, Yang R, Guo H, Wang Y, Kong L. Selection of
surgical treatment approaches for cervicothoracic spinal tuberculosis: a 10-
year case review. PLoS One. 2018;13(2):.e0192581.

9. Wang L, LiuL, Song Y, Pei F, Liu H. Cervical tuberculosis associated with
cervical pain and neurologic deficit: a case report and literature review.
Spine J. 2014;14(5).e13-8.

10.  Fang D, Leong JC, Fang HS. Tuberculosis of the upper cervical spine. J Bone
Joint Surg Br. 1983,65(1):47-50.

11. Arunkumar MJ, Rajshekhar V. Outcome in neurologically impaired patients
with craniovertebral junction tuberculosis: results of combined
anteroposterior surgery. J Neurosurg. 2002,97:166-71.

12. Cantwell MF, Snider DE Jr, Canthen GM, Onorato IM. Epidemiology of
tuberculosis in the United States, 1985 through 1992. JAMA. 1994,272(7):
535-9.

13. Barnes PF, Barrows SA. Tuberculosis in the 1990s. Ann Intern Med.
1993;119(5):400-10.

14, Nussbaum ES, Rockswold GL, Bergman TA, Erickson DL, Seljeskog EL. Spinal
tuberculosis: a diagnostic and management challenge. J Neurosurg.
1995,83(2):243-7.

15. Fam AG, Rubenstein J. Another look at spinal tuberculosis. J Rheumatol.
1993;20(10):1731-40.

16. Teegala R, Kumar P, Kale SS, Sharma BS. Craniovertebral junction
tuberculosis: a new comprehensive therapeutic strategy. Neurosurgery.
2008;63(5):946-55.

17. Morantz RA, Devlin JF, George A, Budzilovich G. Pott's disease as cause of
atlanto-axial subluxation. N Y State J Med. 1974;74(9):1634-7.

18. Behari S, Nayak SR, Bhargava V, Banerji D, Chhabra DK, Jain VK
Craniocervical tuberculosis: protocol of surgical management. Neurosurgery.
2003;52(1):72-81.

19. Hsu LC, Leong JC. Tuberculosis of the lower cervical spine (C2 to C7). A
report on 40 cases. J Bone Joint Surg Br. 1984;,66(1):1-5.

20.  Sharif HS, Morgan JL, al Shahed MS, al Thagafi MY. Role of CT and MR
imaging in the management of tuberculous spondylitis. Radiol Clin N Am.
1995;33(4):787-804.

21. Bhojraj SY, Shetty N, Shah PJ. Tuberculosis of the craniocervical
junction. J Bone Joint Surg Br. 2001,83(2):222-5.

22. Zhang HQ, Lin MZ, Guo HB, Ge L, Wu JH, Liu JY. One-stage surgical
management for tuberculosis of the upper cervical spine by posterior
debridement, short-segment fusion, and posterior instrumentation in
children. Eur Spine J. 2013;22(1):72-8.

23. Xing S, Gao Y, Gao K, Zhang G, Yu Z. Anterior cervical retropharyngeal
debridement combined with occipital cervical fusion to upper cervical
tuberculosis. Spine. 2016;41(2):104-10.

24.  Edwards RJ, David KM, Crockard HA. Management of tuberculomas of the
craniovertebral junction. Br J Neurosurg. 2000;14(1):19-22.

25.  Kotil K, Dalbayrak S, Alan S. Craniovertebral junction Pott's disease. Br J
Neurosurg. 2004;18(1):49-55.



Wang et al. BMIC Musculoskeletal Disorders (2019) 20:148 Page 10 of 10

26.  Shukla D, Mongia S, Devi Bl, Chandramouli BA, Das BS. Management of
craniovertebral junction tuberculosis. SurgNeurol. 2005;63(2):101-6.

27.  Whitesides TE Jr, Kelly RP. Lateral approach to the upper cervical spine for
anterior fusion. South Med J. 1966;59(8):879-83.

28.  Frempong-Boadu AK, Faunce WA, Fessler RG. Endoscopically assisted
transoral-transpharyngeal approach to the craniovertebral junction.
Neurosurgery. 2002;51:560-6.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	General information
	Preoperative preparation
	Surgical procedure
	Postoperative treatment
	Evaluation of curative effect
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

