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Abstract. – BACKGROUND: There have been 
insufficient reports to date regarding the treat-
ment of cervical spinal tuberculosis, and the op-
timal surgical approaches to treating this condi-
tion have yet to be established. 

CASE REPORT: This report describes the 
treatment of a case of tuberculosis associat-
ed with a large abscess and pronounced ky-
phosis through the use of a combined anterior 
and posterior approach with the aid of the Jack-
son operating table. This patient did not exhib-
it any sensorimotor abnormalities of the upper 
extremities, lower extremities, or trunk, and pre-
sented with symmetrical bilateral hyperreflex-
ia of the knee tendons, while being negative for 
Hoffmann’s sign and Babinski’s sign. Laborato-
ry test results revealed an erythrocyte sedimen-
tation rate (ESR) of 42.0 mm/h and a C-reactive 
protein (CRP) of 47.09 mg/L. Acid-fast staining 
was negative, and spine magnetic resonance im-
aging revealed the destruction of the C3-C4 ver-
tebral body and a posterior convex deformity 
of the cervical spine. The patient reported a vi-
sual analog pain score (VAS) of 6, and exhibit-
ed an Oswestry disability index (ODI) score of 
65. Jackson table-assisted anterior and poste-
rior cervical resection decompression was per-
formed to treat this patient, and at 3 months 
post-surgery the patient’s VAS and ODI scores 
were respectively reduced to 2 and 17. Comput-
ed tomography analyses of the cervical spine at 
this follow-up time point revealed good structur-
al fusion of the autologous iliac bone graft with 
internal fixation and improvement of the original-
ly observed cervical kyphosis. 

CONCLUSIONS: This case suggests that 
Jackson table-assisted anterior-posterior lesion 
removal and bone graft fusion can safely and ef-
fectively treat cervical tuberculosis with a large 
anterior cervical abscess combined with cervi-
cal kyphosis, providing a foundation for future 
efforts to treat spinal tuberculosis.
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Introduction

Spinal tuberculosis is one of the most prevalent 
forms of osteoarticular tuberculosis, accounting for 
half of such cases1. As it initially exhibits a gradu-
al insidious onset, affected patients generally only 
present with lower back pain that may or may not 
coincide with systemic symptoms. In contrast to 
most other forms of spinal infection, roughly 95% 
of spinal tuberculosis cases begin anteriorly in the 
vertebral body, with the infection spreading from 
the arteries in the paravertebral region or from the 
vertebral venous plexus to the central vertebral 
body2. As it progresses, this disease can lead to the 
severe destruction of bone tissue and overall spinal 
destabilization, often causing severe kyphosis or 
scoliosis. Patients also often present with paraverte-
bral and intervertebral abscesses that can compress 
the spinal canal and proximal nerves, resulting in a 
range of neurological symptoms. The most serious 
of these neurological complications, paraplegia af-
fects 10-30% of these patients3,4. 

Spinal tuberculosis primarily impacts the mus-
culoskeletal system, and when it is not effectively 
treated patients generally experience severe se-
quelae. Roughly 3-5% of all spinal tuberculosis 
cases are of the cervical tuberculosis subtype5-8. 
Spinal tuberculosis can be diagnosed based on 
clinical examination, diagnostic imaging, anti-
microbial bacilli (AFB) smears, mycobacterial 
culture, molecular methods, histological analy-
sis, cytological examination, and drug sensitivity 
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testing, with Mycobacterium tuberculosis cul-
tures serving as the gold standard diagnostic tool. 
However, a combination of clinical data is needed 
to support a final diagnosis2. Following the de-
struction of the vertebral body, cervical tubercu-
losis is highly likely to cause kyphosis and spinal 
cord injury, resulting in a high rate of disability9. 
While anti-tuberculosis chemotherapy and im-
provements in patient nutrition can lead to better 
functional outcomes among individuals free of 
neurological symptoms or deformities, conserva-
tive treatment often results in spinal instability, 
kyphosis, and neurological impairment10. Surgi-
cal treatment is generally required for patients 
with vertebral lesions, severe kyphosis, neurolog-
ical deficits, and progressive clinical symptoms1. 
However, intraoperative repositioning for patients 
with severe cervical tuberculosis and kyphosis is 
challenging, with a high risk of spinal cord injury 
that complicates these treatment efforts11. 

The goal of surgical treatment is to relieve pro-
gressive spinal deformity, delay the onset of neu-
rological abnormalities, alleviate spinal instability, 
and mitigate any disabling pain. Hodgson et al12 
designed a modified anterior approach referred 
to as the “Hong Kong approach” that allows for 
adequate lesion debridement, although further re-
search is needed to evaluate the ability of this ap-
proach to correct deformities and maintain the ap-
propriate spinal sequence. The posterior approach 
offers a key advantage in that it allows for adequate 
lesion debridement while enabling the fixation of 
multiple spinal segments to enable more control 
over the correction of spinal deformities13. In a 
study, Cui et al14 compared the anterior and poste-
rior approaches to treating spinal tuberculosis pa-
tients, and determined that the posterior approach 
was better suited to achieving and maintaining de-
formity correction. As it is associated with greater 
simplicity and better functional recovery, the pos-
terior approach is thus the preferred treatment for 
spinal tuberculosis. However, additional research 
is necessary to more firmly establish the optimal 
individualized treatment approaches for different 
patients suffering from this disease.

Here, we describe a rare case of spinal tuber-
culosis in a patient with a large anterior cervical 
abscess combined with cervical kyphosis. This 
patient was successfully treated through an ad-
vanced, comprehensive surgical approach con-
sisting of Jackson table-assisted anterior-posterior 
debridement and fusion. Reports pertaining to the 
Jackson table-assisted treatment of spinal tuber-
culosis are lacking, and the unique characteristics 

of this patient make this a very rare case. The aim 
of this article is thus to discuss the indications 
for surgery, summarize intraoperative consider-
ations, and analyze postsurgical outcomes as a 
means of providing a reference for future efforts 
to treat cervical TB with kyphosis.

Case Report

A 62-year-old male presented with dyspnea 
and hoarseness that had been present for approx-
imately 1 month. Physical examination revealed 
physiological curvature of the spine and a palpa-
ble deep cervical sternocleidomastoid mass that 
was cystic in nature. The patient reported a vi-
sual analog pain score (VAS) of 6 and exhibited 
an Oswestry disability index (ODI) score of 65. 
Laboratory examinations revealed an erythrocyte 
sedimentation rate (ESR) of 42.0 mm/h, a C-reac-
tive protein (CRP) level of 47.09 mg/L, and neg-
ative Acid-fast staining. Magnetic resonance im-
aging (MRI) scans of the cervical spine revealed 
destruction of the C3-C4 vertebral body and the 
posterior convex deformity of the cervical spine. 
The Ethics Committee of China-Japan Union 
Hospital approved this study, and the patient pro-
vided written informed consent for the publica-
tion of this case report (Figure 1). 

Preoperative Management
Based on these initial findings the patient un-

derwent emergency ultrasound-guided puncture 
to drain ~50 mL of caseous abscess and exudate. 
This led to improvements in the patient’s symp-
toms of dyspnea such that he was able to eat and 
drink. Cephalic traction was performed begin-
ning at 2 kg and increasing to a maximum of 6 kg, 
resulting in the restoration of the cervical spine 
sequence (Figures 2-3).

Surgical Treatment Approach
The patient underwent surgical treatment under 

endotracheal general anesthesia. For this proce-
dure, the patient was placed in the prone position 
on the Jackson table while connected to neuro-
physiological monitoring equipment, connected 
to cranial traction, with mild hyperextension of 
the neck. The patient was carefully transferred 
supine to a fat-top Jackson frame using a stan-
dard spine board. Residual bone was removed to 
the posterior longitudinal ligament and the lesion 
was then fully removed and covered with gauze 
packing. Iliac osteotomy was then performed, 
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and the removed iliac bone was trimmed with the 
C2-C5 segment of the neck being shaped into a 
tongue-and-groove structure into which the iliac 
bone block was then implanted after assessing the 
stability of this bone graft. Another frame was 
installed, sandwiching the patient between two 
Jackson frames. Padding was added, the Jack-
son frames were secured together with belts, and 
multiple tapes were placed across the frames to 
secure the lines and chest tube. Then, the appa-

ratus was carefully rotated 180°, positioning the 
patient prone. The first fat-top Jackson frame was 
removed. The Jackson table was then turned in 
situ to enable operation on the posterior cervical 
spine. The cortical bone was removed from the 
screw entry point and an open cone was placed 
along the left C2 pedicle, with a C2 pedicle screw 
being placed after probing. The right pedicle 
screw was placed using the same technique, the 
bone graft was osteotomized, and the bone graft 

Figure 1. MRI and CT scans of the cervical spine before treatment. A, Massive anterior vertebral mass, trachea and esophagus 
compression, and vertebral body destruction (MRI). B, Vertebral collapse, narrowing of the intervertebral space, and C3C4 ver-
tebral destruction (CT scans).

Figure 2. MRI of the cervical spine following ultrasound puncture and abscess reduction. A, Sagittal view. B, Axial view.
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groove was prepared by grinding and drilling the 
articular eminence joint. A sterile dressing was 
applied to cover the operative site, and the bone 
was slightly displaced and rotated. After percus-
sion with a percussion device, the bone graft was 
examined for stability and the deep fascia, sub-
cutaneous tissue, and skin of the broad cervical 
muscle were sutured anteriorly. For images of this 
surgical procedure see Figure 4.

Results

The selected surgical approach achieved satis-
factory efficacy when used to treat this patient. 

X-ray and CT imaging at 1 month post-surgery 
revealed clear improvements in the physiological 
curvature of the cervical spine, with good posi-
tioning of the internal fixation, bone implantation 
between the C3/C4 vertebrae, and an appropriate-
ly positioned bone graft with no evidence of sig-
nificant movement. A further review of cervical 
spine CT images collected at 3 months postop-
eratively revealed good structural implant fusion 
with the autologous iliac bone graft, good bone 
graft fusion between the vertebral plates in the 
posterior column, internal fixation in position, 
and improved cervical kyphosis. The patient’s 
VAS score declined from a preoperative value of 
6 to a postoperative value of 2, with a similar de-
crease in ODI score from 65 to 17. The patient 

Figure 3. Positive and lateral X-ray images of the cervical spine after traction. A, Orthogonal view of the cervical spine after 6 
Kg of cranial traction. B, Lateral image with arrows indicating bone destruction and C3-C4 vertebral collapse.

Figure 4. Surgical procedure. A, An image obtained with the patient in the prone position. B, Intraoperative photographs show-
ing the removal of the pedicle and the beginning of the osteotomy, which was followed by the use of an osteotome to remove 
more bone and create smooth walls for bony apposition.
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exhibited a good prognosis and no longer expe-
rienced any significant discomfort (Figures 5-6). 

Discussion

Advantages of the Jackson Table-
Assisted Anterior-Posterior Approach

While a combined anterior-posterior approach 
can be advantageous when performing spinal sur-
gery, it necessitates manual intraoperative turn-
ing that entails a high level of risk. The develop-
ment of the Jackson table has improved the safety 
and efficacy of this operative approach, providing 
improved stability when adjusting patients from 
the supine to the prone position in individuals 
with thoracolumbar spine instability relative to 
the traditional log roll method15. Smith16 found 
that patients operated in the prone position faced 
surgical risks, leading to their development of de-
vices capable of reducing these operative compli-
cations17,18. The Jackson table is particularly pop-
ular among spinal surgeons as it allows for easy 
intraoperative positioning of the patient, is X-ray 
permeable, and exhibits pad adjustability. The 
Jackson table can also support patients of varying 
shapes and sizes without any substantial impact 
on circulatory or respiratory function before or 
after turning19. 

At present, the optimal surgical approach used 
to treat spinal tuberculosis remains controversial 

and has yet to be standardized. Combining ante-
rior and posterior approaches enables surgeons 
to perform debridement, decompression, and 
grafting anteriorly, followed by posterior internal 
fixation to restore the biomechanical stability of 
the spine in an effort to minimize the need for 
postoperative revision or the potential for re-
currence20. The combined anterior-posterior ap-
proach achieved posterior internal fixation with 
a nail bar following anterior lesion debridement 
and bone grafting-mediated fusion21. This proce-
dure is well-established, and allows for lesion re-
moval through a process separate from that used 
to achieve internal fixation, reducing the odds of 
bacterial spread. The anterior approach is also 
more intuitive, allowing for relatively complete 
lesion removal. In cases of early atlantoaxial tu-
berculosis, atlantoaxial dislocation is generally 
entirely or partially reversible, and posterior at-
lantoaxial segmental fixation can be combined 
with anterior lesion removal. In cases of irrevers-
ible atlantoaxial dislocation, severe atlantoaxial 
destruction, atlantoaxial instability with nerve 
injury, or critical nerve injury are often observed, 
and patients generally need to undergo posterior 
cervical-occipital fusion with anterior decom-
pression. When mild vertebral body destruction 
or mild kyphosis are evident, patients can under-
go anterior fusion with bone grafting22. In cases 
of severe vertebral body destruction or kyphosis 
coinciding with significant cervical instability, a 

Figure 5. CT image of the spine 1-month post-surgery. A, Cervical CT sagittal view of the C3/C4 intervertebral body with the 
bone graft in place. B-C, Axial view with internal fixation in the pedicle. D, 3D CT reconstruction.
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combined anterior and posterior approach may 
instead be employed23. Both the anterior and 
posterior approaches to internal fixation seek to 
establish a stable internal environment postoper-
atively, allowing for the local control of the tuber-
cular lesion while allowing for bony fusion such 
that the lesion and associated tissue damage can 
be satisfactorily repaired. However, both of these 
approaches are subject to certain limitations. The 
anterior approach is associated with complex an-
atomical considerations that contribute to higher 
rates of surgical trauma and associated complica-
tions, increasing the odds of surgical site infection 
and prolonging the surgical procedure. This pro-
cedure also exhibits limited orthopedic efficacy 
for patients with a posterior convexity deformity, 
and associated bone graft weakness can impair 
bone graft fusion. Incomplete wound drainage 
may also contribute to surgical site infection and 
surgical failure.

In a retrospective analysis24 of 60 spinal tuber-
culosis patients, a combined approach was found 
to require more operative time than the anteri-
or approach, with the latter being well-suited to 
cases of severe vertebral collapse necessitating 

the reconstruction of vertebral body height. One 
meta-analysis25 assessing 2,345 adults with spi-
nal tuberculosis treated using a range of surgical 
strategies, showed that the posterior approach 
exhibited advantages over the anterior approach 
with respect to bleeding, operative duration, or-
thopedic angle, and complication rates; whereas 
the combined approach outperformed the ante-
rior approach with respect to the length of stay 
and complication rate. In cases where patients 
exhibit extensive anterior disruption such that 
treatment via the posterior approach alone may 
result in poor correction, unsatisfactory decom-
pression, or secondary damage resulting from 
insufficient anterior support, the combined ap-
proach should thus be considered. For the pres-
ent case, a Jackson table was used to aid the 
execution of surgery performed via a combined 
anterior-posterior approach, thus avoiding dam-
age resulting from cervical spine instability ow-
ing to a long operative duration or intraoperative 
turning. Jackson table use can significantly low-
er pre- and postoperative differences in hemo-
globin levels by decreasing intraoperative blood 
loss and reducing the overall operative duration. 

Figure 6. CT image of the spine at 3 months postoperatively. A, Blurred structural bone graft with autologous iliac bone graft, 
good fusion, good fusion of the interlaminar bone graft in the posterior column, internal fixation in place, and improvement of 
cervical kyphosis. B, 3D CT reconstruction.
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This may be because when the patient is in the 
prone position, their abdomen is fully suspended 
and their lower limbs are positioned below the 
cardiac level, thereby lowering intra-abdominal 
and vena cava pressure and mitigating the risk 
of venous obstruction or excessive paravertebral 
venous reflux19,26,27. These factors contribute to 
the decrease in intraoperative blood loss ob-
served for such treatment.

Management of Cervical Tuberculosis
Cervical tuberculosis is much less common 

than cases affecting the thoracolumbar spine, 
comprising just 3-5% of all spinal tuberculosis 
cases6. Recent increases in spinal tuberculosis 
incidence, however, have driven a rising num-
ber of cases of cervical tuberculosis seen in the 
clinic. Affected patients generally exhibit nodu-
lar lesions involving the anterior and middle col-
umns of the cervical spine, resulting in damage 
to and destruction of the vertebrae and adjacent 
discs, contributing to anterior and middle col-
umn instability while leaving the posterior col-
umn largely intact. Disease progression leads to 
the gradual collapse of the affected vertebrae and 
the narrowing or loss of the intervertebral space. 
As the cervical spine is subject to high levels of 
mobility and loading forces, symptoms in af-
fected patients often develop rapidly. Abscess-
es, vertebral destruction, and granulation tissue 
can all contribute to spinal deformities and the 
compression of the spinal cord such that patients 
may have trouble breathing or swallowing1,28,29. 
While standardized anti-tuberculosis treatment 
can cure many patients30, residual kyphosis can 
nonetheless cause secondary spinal cord com-
pression such that the height of the diseased ver-
tebrae should be restored, kyphosis should be 
corrected, and cervical spine stability should be 
re-established in treated patients. When tuber-
culosis-related abscesses enter the spinal canal, 
they can compress the cervical spine and cause 
spinal cord injury, potentially leading to paraly-
sis. Surgical treatment for patients with cervical 
tuberculosis primarily aims to remove the associ-
ated lesion, alleviate nerve compression, correct 
kyphosis, and restore cervical stability1. Surgery 
is essential for individuals with vertebral lesions, 
refractory disease, severe kyphosis, neurological 
deficits, and deterioration or failure to improve1. 
Moorthy et al31 determined that spinal tubercu-
losis with spinal cord or root compression could 
be safely treated through central vertebral body 
resection with bone grafting without internal 

fixation, and with bed rest for 4-6 weeks. Raja 
et al32 employed ACDF with iliac bone grafting 
and titanium plate internal fixation to success-
fully achieve anterior cervical decompression, 
treating tuberculous spondylolisthesis success-
fully without any deaths or complications. In 
cases with kyphosis greater than 30 degrees or 
the involvement of multiple adjacent segments, 
a combined anterior-posterior approach is rec-
ommended for peri-annular fusion33-36. A sys-
tematic review37 of 456 cases demonstrated the 
importance of anti-tuberculosis treatment for 
all cervical tuberculosis patients, even if they 
undergo surgery. Decompression and internal 
fixation can provide better cervical stability to 
individuals affected by neurological deficits. 
Anterior surgical internal fixation can also be 
effectively employed to protect bone grafts and 
improve anterior fusion38. Anterior internal fix-
ation achieved using titanium cages, plates, and 
screws can improve associated stability and 
thereby better repair deformities. However, this 
approach can cause complications including the 
displacement of the internal fixation or damage 
to anterior vertebral vessels or internal organs39. 
In this case, the patient’s spine was damaged by 
internal fixation. Given the severe infection and 
invasion of the posterior column structures in 
this patient, the application of anterior internal 
fixation was considered to be a possible cause of 
osteoarthritis contributing to a higher risk of im-
plant non-union, though posterior pedicle screw 
protection was sufficient to protect against post-
operative spinal instability. 

Postoperative anti-tuberculosis drug treat-
ment can more effectively access the target le-
sion while promoting effective recovery40. The 
currently available antitubercular drugs on the 
market can access bone, caseous tissue, pus, and 
granulation tissue at concentrations exceeding 
the minimum inhibitory concentration values 
such that they can reliably promote lesion heal-
ing11. In this patient, cervical spine CT imaging 
performed at 3 months after surgery did not ex-
hibit any evidence of bone graft displacement 
together with good bone graft fusion.

Conclusions

As demonstrated through this case, the remov-
al of the target lesion and the reconstruction of 
the vertebral body in patients with cervical tu-
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berculosis and kyphosis can effectively improve 
neurological function, alleviate neck pain, and 
correct associated kyphosis. However, there are 
some limitations to the utilized anterior-posterior 
approach. The use of two positions and two in-
cisions in this case prolonged the operative du-
ration, increased intraoperative bleeding, and 
contributed to higher levels of trauma and associ-
ated risk for the treated patients. Patients in poor 
general health may also be unable to tolerate this 
combined treatment approach. Focal debridement 
serves as an adjunct to the treatment of spinal tu-
berculosis, with surgery as just one component of 
the treatment of this condition. The surgical treat-
ment of spinal tuberculosis should be based on 
systemic antituberculosis chemotherapy, and the 
optimal surgical strategy should be optimized in 
accordance with individual patient-specific char-
acteristics. 

Conflict of Interest 
The Authors declare that they have no conflict of interests.

Ethics Approval
The Ethics Committee of China-Japan Union Hospital ap-
proved this study (20221020031).

Informed Consent
The patient provided written informed consent for the pub-
lication of this case report.

 
Acknowledgements 
Each author participated sufficiently in the work to take public 
responsibility for the content.

Funding
This work was supported by the Jilin Province Science and 
Technology Development Plan Project [20190303141SF], 
the Jilin Province Health Technology Innovation Project 
[2019J016] and the Jilin Province Provincial Industrial In-
novation Special Fund Project [2017C058-4]. 

Authors’ Contributions
JC and PL conceived the review; JHM, DS and ZLW ac-
quired data; JC, FHT and LZG participated in the process 
of writing the manuscript; PL reviewing the manuscript. All 
authors contributed to the conception and revision of the 
manuscript and approved its submission.

ORCID ID 
Jian Cao: 0000-0001-9267-6486.
Dong Sun: 0000-0002-3911-983X.
Jianhui Mu: 0009-0006-2386-4508.
Zhaolin Wang: 0000-0003-0971-1450.
Fenghua Tian: 0009-0000-2909-3691.
Peng Liu: 0000-0002-5913-0673.

Availability of Data and Materials
The data used to support the findings of this study are avail-
able from the corresponding author upon request.

References

 1) Jain AK. Tuberculosis of the spine: a fresh look 
at an old disease. J Bone Joint Surg Br 2010; 92: 
905-913.

 2) Garg RK, Somvanshi DS. Spinal tuberculosis: A 
review. J Spinal Cord Med 2011; 34: 440-454. 

 3) Jain AK, Kumar J. Tuberculosis of spine: neuro-
logical deficit. Eur Spine J 2013; 22: 624-633. 

 4) Hodgson AR, Skinsnes OK, Leong CY. The 
pathogenesis of Pottʼs paraplegia. J Bone Joint 
Surg 1967; 49: 1147-1156.

 5) Wang H, Li C, Wang J, Zhang Z, Zhou Y. Char-
acteristics of patients with spinal tuberculosis: 
seven-year experience of a teaching hospital in 
Southwest China. Int Orthop 2012; 36: 1429-1434. 

 6) Hassan M. Anterior plating for lower cervical 
spine tuberculosis. Int Orthop 2003; 27: 73-77.

 7) Tada K. Central ray deficiency of the hand. Op-
erative treatment and results. Int Orthop 1984; 8: 
229-233.

 8) Moon MS. Tuberculosis of the spine: Controversies 
and a new challenge. Spine 1997; 22: 1791-1797. 

 9) Fernández GP. Tuberculosis infections of the 
head and neck. Acta Otorrinolaringol Esp 2009; 
60: 59-66. 

10) Ekinci S, Agilli M, Ersen O, Ekinci GH. Surgical 
treatment of tuberculous spondylodiscitis. Eur 
Rev Med Pharmacol Sci 2015; 19: 700-701.

11) Jain AK, Dhammi IK. Tuberculosis of the spine: A 
review. Clin Orthop Relat Res 2007; 460: 39-49. 

12) Hodgson AR, Stock FE, Fang HSY, Ong GB. An-
terior spinal fusion the operative approach and 
pathological findings in 412 patients with pott’s 
disease of the spine. Br J Surg 2005; 48: 172-178.

13) Sundararaj GD, Behera S, Ravi V, Venkatesh K, 
Cherian VM, Lee V. Role of posterior stabilisation 
in the management of tuberculosis of the dorsal 
and lumbar spine. J Bone Joint Surg Br 2003; 85: 
100-106.

14) Cui X, Ma YZ, Chen X, Cai XJ, Li HW, Bai YB. 
Outcomes of Different Surgical Procedures in the 
Treatment of Spinal Tuberculosis in Adults. Med 
Princ Pract 2013; 22: 346-350. 



J. Cao, D. Sun, J.-H. Mu, Z.-L. Wang, F.-H. Tian, L.-Z. Guo, P. Liu

3456

15) DiPaola CP, DiPaola MJ, Conrad BP, Horodyski 
MB, Del Rossi G, Sawers A, Rechtine 2nd GR. 
Comparison of thoracolumbar motion produced 
by manual and Jackson-table-turning methods: 
Study of a cadaveric instability model. J Bone 
Joint Surg Am 2008; 90: 1698-1704. 

16) Smith RH. One solution to the problem of the 
prone position for surgical procedures. Anesth 
Analg 1974; 53: 221-224.

17) Sundén G, Wallöe A, Wingstrand H. A new device 
to reduce intra-abdominal pressure during lumbar 
surgery. Spine 1986; 11: 635-636. 

18) Nam Y, Yoon AM, Kim YH, Yoon SH. The effect 
on respiratory mechanics when using a Jack-
son surgical table in the prone position during 
spinal surgery. Korean J Anesthesiol 2010; 59: 
323-328. 

19) Dharmavaram S, Jellish WS, Nockels RP, Shea 
J, Mehmood R, Ghanayem A, Kleinman B, Ja-
cobs W. Effect of prone positioning systems on 
hemodynamic and cardiac function during lumbar 
spine surgery: An echocardiographic study. Spine 
2006; 31: 1388-1393. 

20) Jain AK, Dhammi IK, Prashad B, Sinha S, Mish-
ra P. Simultaneous anterior decompression and 
posterior instrumentation of the tuberculous spine 
using an anterolateral extrapleural approach. J 
Bone Joint Surg Br 2008; 90: 1477-1481. 

21) Oguz E, Sehirlioglu A, Altinmakas M, Ozturk C, 
Komurcu M, Solakoglu C, Vaccaro AR. A new 
classification and guide for surgical treatment of 
spinal tuberculosis. Int Orthop 2008; 32: 127-133. 

22) Moon MS, Moon JL, Kim SS, Moon YW. Treat-
ment of tuberculosis of the cervical spine: Oper-
ative versus nonoperative. Clin Orthop Relat Res 
2007; 460: 67-77. 

23) Rajasekaran S. The problem of deformity in spi-
nal tuberculosis. Clin Orthop Relat Res 2002; 
398: 85-92. 

24) Liu P, Sun M, Li S, Wang Z, Ding G. A retrospec-
tive controlled study of three different operative 
approaches for the treatment of thoracic and lum-
bar spinal tuberculosis: Three years of follow-up. 
Clin Neurol Neurosurg 2015; 128: 25-34. 

25) Yang P, Zang Q, Kang J, Li H, He X. Comparison 
of clinical efficacy and safety among three surgi-
cal approaches for the treatment of spinal tuber-
culosis: a meta-analysis. Eur Spine J 2016; 25: 
3862-3874. 

26) Mobley SR, Miller BT, Astor FC, Fine B, Halliday 
NJ. Prone positioning for head and neck recon-
structive surgery. Head Neck 2007; 29: 1041-1045. 

27) Edgcombe H, Carter K, Yarrow S. Anaesthesia in the 
prone position. Br J Anaesth 2008; 100: 165-183. 

28) Bhandari A, Garg RK, Malhotra HS, Verma R, 
Singh MK, Jain A, Sharma PK. Outcome assess-
ment in conservatively managed patients with 
cervical spine tuberculosis. Spinal Cord 2014; 52: 
489-493.

29) Klöckner C, Valencia R. Sagittal alignment after 
anterior debridement and fusion with or without 
additional posterior instrumentation in the treat-
ment of pyogenic and tuberculous spondylodisci-
tis. Spine 2003; 28: 1036-1042. 

30) Moon MS, Moon YW, Moon JL, Kim SS, Sun DH. 
Conservative treatment of tuberculosis of the lum-
bar and lumbosacral spine. Clin Orthop Relat Res 
2002; 398: 40-49. 

31) Moorthy RK, Arunkumar MJ, Rajshekhar V. Unin-
strumented ventral surgery for subaxial cervical 
spine tuberculosis: Clinical and radiological out-
come. Br J Neurosurg 2004; 18: 584-589. 

32) Raja RA, Sheikh A, Hussain M, Agani SA. Early 
recovery and stabilisation with instrumentation in 
anterior cervical spine tuberculosis. J Ayub Med 
Coll Abbottabad 2012; 24: 93-96.

33) Nottmeier EW, Deen Hg, Patel N, Birch B. Cer-
vical kyphotic deformity correction using 360-de-
gree reconstruction. J Spinal Disord Tech 2009; 
22: 385-391. 

34) Zdeblick TA, Bohlman HH. Cervical kyphosis and 
myelopathy. Treatment by anterior corpectomy 
and strut-grafting. J Bone Joint Surg Am 1989; 71: 
170-182.

35) Zeng H, Shen X, Luo C, Xu Z, Zhang Y, Liu Z, 
Wang X, Cao Y. 360-degree cervical spinal ar-
throdesis for treatment of pediatric cervical spinal 
tuberculosis with kyphosis. BMC Musculoskelet 
Disord 2016; 17: 175. 

36) Shono Y, McAfee PC, Cunningham BW, Bran-
tigan JW. A biomechanical analysis of de-
compression and reconstruction methods in 
the cervical spine. Emphasis on a carbon-fi-
ber-composite cage. J Bone Joint Surg Am 
1993; 75: 1674-1684. 

37) Yuan B, Zhao Y, Zhou S, Wang Z, Chen X, Jia L. 
Treatment for tuberculosis of the subaxial cervical 
spine: a systematic review. Arch Orthop Trauma 
Surg 2021; 141: 1863-1876. 

38) Oga M, Arizono T, Takasita M, Sugioka Y. Eval-
uation of the risk of instrumentation as a foreign 
body in spinal tuberculosis. Clinical and biologic 
study. Spine 1993; 18: 1890-1894. 

39) Zumla A, Raviglione M, Hafner R, von Reyn CF. 
Tuberculosis. N Engl J Med 2013; 368: 745-755. 

40) Nene A, Bhojraj S. Results of nonsurgical treat-
ment of thoracic spinal tuberculosis in adults. 
Spine J 2005; 5: 79-84.


