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ABSTRACT

Introduction: Though spinal tuberculosis has a predilection for the dorsal and lumbar spine, a high percentage of

morbidity and mortality is associated with cervical tuberculosis. Cervical tuberculosis accounts for about 10% of cases,
with the major concerns being quadriparesis/quadriplegia and kyphotic deformity. Herein we describe our experience
with the use of anterior instrumentation with titanium implants in 46 patients with subaxial tuberculosis.

Materials and Methods: Included in the study were a total of 46 patients with subaxial cervical (C3-C7) and upper

dorsal (D1-D3) tuberculosis who underwent operations with anterior debridement, decompression, bone grafting, and
anterior instrumentation by a single surgeon at our institute between January 2007 and December 2014. A review of the
demographic data, medical records, and x-rays before and after surgery and at subsequent follow-ups was performed

retrospectively from the departmental database.
Results: Neurological involvement in the postoperative period was seen in 29 of the 30 patients, 26 of whom

showed complete neurological recovery. The Cobb angle at presentation ranged from 28–588 of kyphosis with an

average kyphosis of 15.48. The average lordosis after surgery was found to be 17.58 (ie, a mean correction of 32.98).
Conclusions: Anterior instrumentation of subaxial cervical tuberculosis with titanium implants provides good

correction of kyphosis and provides reasonable neurologic recovery in patients and ensures a long-lasting functional

outcome.
Level of evidence: 4.
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INTRODUCTION

Tuberculosis (TB) of the spine is one of the oldest
demonstrated diseases known to humans. Evidence
dates back as early as the Egyptian mummies with
spinal tuberculosis discovered in 4000 BC. The
classical description of spinal tuberculosis was first
presented by Sir Percival Pott1 in 1779; hence, it is
also known as Pott spine. Spinal tuberculosis is the
most commonly encountered form of extrapulmo-
nary TB, accounting for approximately half of all
cases of musculoskeletal TB.2 Though spine TB has
a predilection for the dorsal and lumbar spine, a
high percentage of morbidity and mortality is
associated with cervical tuberculosis.

Cervical TB accounts for about 10% of cases,
with the major concerns being quadriparesis/quad-
riplegia and kyphotic deformity.3 Along with
antitubercular chemotherapy, surgical decompres-

sion of the neural tissue and correction of deformity
with implants has been well described for thoracic
and lumbar spine.4 Here we describe our experience
with the use of anterior instrumentation with
titanium implants5 in 46 patients with subaxial
cervical spine TB.

MATERIALS AND METHODS

Included in the study were a total of 46 patients
with subaxial cervical (C3-C7) and upper dorsal
(D1-D3) TB who underwent operations with
anterior debridement, decompression, bone graft-
ing, and anterior instrumentation by a single
surgeon at our institute between January 2012 and
December 2017. A review of the demographic data,
medical records, and x-rays before and after surgery
and at subsequent follow-ups was performed
retrospectively from the departmental database.
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The microbiological diagnosis was made with the
help of liquid culture by mycobacterial growth
indicator tube (MGIT), cartridge-based nucleic acid
amplification technique (Gene Xpert -Cepheid,
California), and histopathology. Patients with either
a positive report on MGIT or Gene Xpert in
combination with a corroborative histopathological
diagnosis were included. Among the patients with a
positive growth on MGIT, only those with growth
for Mycobacterium tuberculosis were included in the
study. Patients with atypical mycobacteria growth
were excluded from the study. Patients with upper
cervical tuberculosis, involvement of posterior
elements, and skip lesions in other cervical regions
were excluded. In addition, patients undergoing a
repeat surgery for cervical tuberculosis were not
included in the study. Neurology was assessed by
the Frankel grading system6 and pain was graded
using a 10-point visual analog score. The indication
for surgery was to relieve pain, improve neurolog-
ical impairment, and prevent or correct spinal
deformity.

Preoperative radiographs included an anteropos-
terior view and lateral view of the cervical spine.
Preoperative MRI were done in all patients.7 An
anteroposterior view and lateral radiograph of
cervical spine was done postoperatively and during
follow-up at 3, 4.5, 6, 9, and 12 months and yearly
after that. Angle of kyphosis (K angle) was
calculated using Osirix MD (Pixmeo, Geneva,
Switzerland) by drawing lines from the upper border
of the first normal vertebra above and the lower
border of the first normal vertebra below the
diseased area using dynamic angles. A computed
tomography (CT) scan was done at 12 months to
assess bony fusion if not evident on plain radio-
graphs. Anterior fusion was assessed by the presence
of bridging bone between the vertebrae immediately
proximal and distal to the reconstructed area. The
first author (S.S.), who is also the lead surgeon for
all the cases, assessed fusion.

RESULTS

Mean age of the patients was 37.4 years and ages
ranged from 7 years to 65 years, though there was
only 1 patient younger than 20 years. The mean
duration of symptoms before presentation was 6.2
weeks (2–9 weeks). Eleven patients also were
diagnosed with concomitant nonosseous tuberculo-
sis, with 3 patients having abdominal Koch disease,
and 4 each having pleural effusion and pulmonary

tuberculosis. Neck pain and stiffness was present in
all the patients, with only 29 patients having
constitutional symptoms such as evening rise of
temperature, loss of appetite, and loss of weight.
Neurological status was Frankel grade E in 16
patients, D in 10, C in 19, and a further 1 had
Frankel grade A neurology.

All surgeries were performed at the same institute
by a single operating surgeon. Of a total of 46
patients included in the series, 21 were females and
25 males. There was 1 patient in the pediatric age
group. Age of the adult patients ranged from 21 to
65 years. Agewise distribution is shown in Table 1.
The predominantly involved level was fifth and sixth
cervical vertebrae seen in 21 patients. Only 2
patients had affection of the D1-D2 levels. The
distribution of various levels of decompression and
the patient distribution are shown in Table 2. There
was 1 patient, a 46-year-old man, who had a positive
history of being affected by HIV and had been on
antiretroviral therapy for 6 years.8 Extraosseous
tuberculosis9 was seen in 11 patients, of whom 3 had
abdominal tuberculosis and 4 each were affected by
pulmonary tuberculosis and tubercular pleural
effusion. Neurological involvement with Frankel
grade C at presentation was seen in 19 of the 46
patients. Of these, 16 patients showed complete
neurological recovery with grade E neurology
according to the Frankel grading system at final
follow-up. The remaining 3 recovered to a Frankel
grade D. All the patients with Frankel grade D at
presentation showed improvement in their neuro-
logical status at the time of final follow up. All

Table 1. Age distribution.

Age Groups, y No. of Patients

,20 1
21–30 16
31–40 10
41–50 5
51–60 10
.60 4
Total 46

Table 2. Level of decompression with the distribution of patients.

Level of Decompression No. of Patients

C3-C4 2
C4-C5 8
C5 only (single level) 1
C5-C6 24
C5-C6-C7 2
C6-C7 5
D1-D2 4
Total 46
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patients with Frankel grade E continued to have the
same grading in the postoperative period and at
final follow-up. There was only 1 patient with
Frankel grade A at presentation that improved to
grade C within 6 months postsurgery.

The Cobb angle at presentation ranged from 28–
588 of kyphosis with an average kyphosis of 15.48.
The average lordosis after surgery was found to be
17.58 (ie, a mean correction of 32.98). The maximum
correction was achieved in a 35-year-old woman
with tubercular involvement of C5-C6 vertebrae,
where a preoperative kyphosis of 588 was corrected
to 68 of lordosis in the postoperative period. An
average loss of 2.68 of lordosis was seen at final
follow-up in the series. Time to union as assessed by
x-ray and CT scan (if required) ranged from 3–9
months, with an average of 5.59 months. Three
patients complained of temporary dysphagia lasting
for an average of 3 weeks postsurgery but that later
resolved without any additional intervention. One
patient had superficial wound dehiscence at the graft
site that healed by daily dressing. Another patient

had an implant loosening 32 months after surgery
and required implant removal. There was solid
anterior fusion in this patient, and hence no
additional augmentation was done.

Case Illustration 1

A 24-year-old woman presented with neck pain
and gradually progressive weakness of all 4 limbs
(Frankel C) for 2 months. After radiological
investigations, she was suspected to have a C4-C5
spondylodiscitis and 30.68 kyphosis in the subaxial
cervical spine at presentation (Figure 1). T2-
weighted sagittal MRI was suggestive of extensive
vertebral body destruction and epidural abscess
causing compression of the spinal cord (Figure 2).
She was started on antituberculous chemotherapy
and later planned for surgical intervention. Anterior
debridement, tricortical iliac crest bone grafting,
and instrumentation with plate was carried out
(Figure 3). She recovered to Frankel grade E and
showed good anterior fusion by 12 months post-
surgery (Figure 4).

Case Illustration 2

A 34-year-old woman presented with a 6-month
history of neck pain, radiculopathy, and weakness

Figure 1. Plain lateral radiograph of a 24-year-old woman with C4-C5

tuberculosis and 30.68 kyphosis in the subaxial cervical spine.

Figure 2. T2-weighted sagittal MRI depicting extensive vertebral body

destruction and abscess causing compression of the spinal cord.
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of lower limbs. She was ambulatory at presentation.
Plain radiographs revealed destruction of C5 and
C6 vertebral bodies (Figure 5A). T2 sagittal MRI
demonstrated retropulsion of C5 and compression
of spinal cord (Figure 5B). T2 axial MRI showed
severe ventral compression of cord with loss of
cerebrospinal fluid signal (Figure 5C). The patient
also had a skip lesion at D11-D12 with no cord
compression (Figure 5D). She underwent anterior
surgery with debridement, bone grafting, and
anterior plating (Figure 5E and 5F). She recovered
to Frankel grade E at the time of final follow-up.

Case Illustration 3

A 40-year-old woman presented with neck pain
and imbalance during walking for 3 weeks. Neuro-
logically she had no loss of motor power but did
have hyperreflexia and spasticity in all 4 limbs.
Radiological investigations revealed destruction of
C3 and C4 with cord compression (Figure 6A–6D).
The patient was started on antitubercular chemo-
therapy and underwent surgical decompression and
stabilization by anterior approach. Anterior column
reconstruction was done by iliac crest autograft
(Figure 6E). The patient remained neurologically
intact at final follow-up and demonstrated solid
bony fusion (Figure 6F).

DISCUSSION

Spinal TB is a destructive form of TB and is more
common in children and young adults, especially in
developing nations such as India.10 In the Indian
subcontinent it is frequently misdiagnosed or missed
due to a dearth of standard health care facilities,
particularly in the rural population.

Though the incidence of tuberculosis in general
and spinal TB in particular is much less in developed
countries, it is on the rise with a majority of these
patients being immigrants from endemic regions. In
the United Kingdom over the 6-year period from
1999 to 2004, a total of 729 patients had TB; of
these, 8% (61 cases) had musculoskeletal involve-
ment, with 30 of them having spinal TB11.
Immigrants from endemic areas such as the Indian
subcontinent formed the majority of these patients.
The World Health Organization data12–14 suggest
an estimated incidence of 10.0 million new cases of
TB in 2018, of which Southeast Asia contributed to
44% of the global load.

With the availability of effective antitubercular
therapy,15 a significant proportion of spinal tuber-
culosis can be treated nonoperatively, principally if
started in the early phase.

Surgical treatments are still needed for patients
with severe kyphosis,16 increasing neurologic deficit,
or refractory disease process. The purpose of this
study was to show the effectiveness of surgical

Figure 3. Postoperative plain lateral radiograph demonstrating correction of

cervical alignment to lordosis, anterior instrumentation with a plate, and

reconstruction with tricortical autologous bone graft.

Figure 4. Sagittal computed tomography scan at 12 months postsurgery

depicting solid anterior fusion.
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decompression, debridement along with instrumen-
tation, and bone grafting in cases of subaxial
cervical tuberculosis. This was assessed by improve-
ment in neurology in the postoperative period,
correction of the kyphotic deformity, incidence of
complications, and assessment of union.

There are reports of posterior instrumentation17

in a few cases, but anterior instrumentation is the
norm accepted by surgeons the world over. Poste-
rior instrumentation requires a dual anterior plus
posterior approach,18 which adds to the periopera-
tive morbidity. In addition, in cervical TB the
vertebral body, which is an anterior structure in the
vertebral column, is most often the focus of
infection, and, therefore, anterior decompression
and instrumentation seems to be the natural choice
of procedure.

Neurological deficit is perhaps the worst compli-
cation for a patient with spinal tuberculosis. This
has been reported in the literature as varying from
23%–76%.19 In our case series, 30 of 46 patients
had some degree of neurological involvement at

presentation. There was considerable improvement
in the neurological status in all the patients in the

case series. Mak and Cheung20 reported an im-
provement in 94% of their patients, all of whom
were operated upon with the anterior approach.
Faraj21 noted recovery in all 3 patients operated by

them having an initial Frankel grade 3 neurological
status over a 2- to 6-year follow-up. Hassan et al22

reported complete recovery in 85% patients in a
series of 16 patients operated by anterior debride-

ment, fusion, and H-plate fixation. Ramani et al23 in
a case series of 61 patients with subaxial TB
surgically treated with anterior debridement and
anterior reconstruction with fixation using titanium

plate classified their findings as excellent (grade V
power) in 85% cases, good (residual wasting but no
functional sequelae) in 7%, and fair (persistent
disability) in 8%. He et al24 in their study in China

found 15 patients to have complete recovery at final
follow-up out of 20 patients with preoperative
neuro-deficit. Loembe25 reported 100% improve-
ment in neurological status in 5 patients with

Figure 5. (A) Plain radiographs of Case Illustration 2 revealed destruction of C5 and C6 vertebral bodies. (B) T2 sagittal MRI demonstrated retropulsion of C5 and

compression of the spinal cord. (C) T2 axial MRI showing severe ventral compression of the cord with loss of cerebrospinal fluid signal. (D) T2 sagittal MRI at

dorsolumbar junction showing a skip lesion at D11-D12 with no cord compression. (E) Plain anterior posterior radiograph depicting anterior surgery with cervical

plating. (F) Lateral radiograph postsurgery demonstrating restoration of cervical lordosis.
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cervical TB who underwent operations in Gabon,
Africa.

Another important indication for surgery in our
case series was to prevent and correct kyphotic
deformity. Preventing kyphosis also helps in avoid-
ing late onset neurological compression and deficit.
Pediatric cases have a higher rate of kyphotic
deformity, and the deformity can continue to grow
even after healing of the tubercular lesion. In our
study the average Cobb angle was 15.48 kyphosis,
which after postoperative correction was found to
be 17.98 cervical lordosis. There was very minimal
loss of correction at final follow-up. The largest
deformity was of 588 kyphosis in a 38-year-old
woman with tubercular involvement of the first and
second dorsal vertebrae. The postoperative correc-
tion was a massive 638, with the final result being
lordosis of 58. He et al24 in their case series measured
a preoperative average kyphotic deformity of 15.488

(adult:108; children: 37.48), which improved to�4.88

postoperatively. This mean was calculated to 3.68 at

final follow-up. They used only intraoperative
distraction and no skull traction. In patients with
serious deformities, extension of the table was
performed. On the other hand, in our case series
intraoperative skull traction with Gardner-Wells
tongs was used for every case. Hassan et al22 used
skull traction in the preoperative period in all
patients with a Cobb angle of more than 208.

The controversy regarding surgical versus con-
servative management of tuberculosis of cervical
spine began as early as 1960 when Konstam et al26,27

advised conservative management, whereas Hodg-
son et al28 advocated a primarily surgical line of
treatment. Experts over the years after several trials
and studies have now concluded that more than
40% patients with Pott paraplegia recover with
antitubercular medication and bed rest. Various
surgeries that can be performed are based on the
principles of debridement of the infected material
with spinal reconstruction and stabilization. Recon-
struction can be done using bone graft (either

Figure 6. (A, B) Plain radiographs of Case Illustration 3 revealed destruction of C3 and C4 vertebral bodies. (C) T2 sagittal MRI demonstrated retropulsion of C3 and

prevertebral and epidural soft tissue extension. (D) T2 axial MRI showing severe ventral compression of the cord more on the left side than on the right. (E) Lateral

radiograph postsurgery demonstrating good cervical lordosis and reconstruction of the anterior column. (F) Lateral radiograph at 12-month follow-up demonstrating

good anterior fusion.
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autologous or allograft) or a cage. The stabilization
is further performed using material such as titani-
um, steel, or carbon fiber. Reconstruction in all
patients in our series was performed using autolo-
gous bone graft from the anterior superior iliac
spine. There were no patients with infection of the
graft site, though 5% complained of pain at the
harvest site for 2–3 weeks. Various studies have
shown autologous bone graft to have better
osteointegration and maintenance of the sagittal
column. He et al24 had similar observations with the
use of autologous iliac graft with 3 patients having
graft-site pain for 1 week. On the contrary, they
used allograft for reconstruction of the anterior
column defect in the pediatric age group. Koptan et
al29 compared the outcome of iliac bone graft and
titanium mesh cage for anterior reconstruction of
cervical spinal lesion. They found the use of cage to
have better kyphotic correction than bone graft.
Other parameters were comparable in the 2 groups.
In addition, according to our observations the use
of an anterior plate helps in better graft incorpora-
tion.

CONCLUSIONS

Subaxial cervical TB is a disease known for
grotesque deformities and devastating neurological
involvement, especially with untreated cases. How-
ever, appropriate medical and surgical management
directed at realigning the biomechanical axis pro-
vides equally good correction of deformities and
provides an environment suitable for neurological
recovery and sound fusion.

Our study had limitations in the form of small
sample size and a single-center involvement. Further
studies are required with multicentric involvement
for a better understanding.
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