
74

Journal of Craniovertebral 
Junction and Spine

J
JC

V

S Editor-in-Chief :

 Atul Goel 

(INDIA)

Open Access

HTML Format

For entire Editorial Board visit : http://www.jcvjs.com/editorialboard.asp

Review Article

Tuberculosis of spine

Vinod Agrawal, Patgaonkar P. R., Nagariya S. P.

Department of Orthopaedics, Lilavati Hospital and Research Centre, Mumbai, India

Corresponding author: Dr. Vinod Agrawal, Sevenhills Hospital, Marol-Maroshi Road, Andheri (E), Mumbai - 400 059, Maharashtra, India. E-mail: vaagrawal@yahoo.com

Journal of Craniovertebral Junction and Spine, 1:14

Abstract

Tuberculosis of the spine is one of the most common spine pathology in India. Over last 4 decades a lot has 
changed in the diagnosis, medical treatment and surgical procedures to treat this disorder. Further developments 
in diagnosis using molecular genetic techniques, more effective antibiotics and more aggressive surgical protocols 
have become essential with emergence of multidrug resistant TB.  Surgical procedures such as single stage anterior 
and posterior stabilization, extrapleral dorsal spine anterior stabilization and endoscopic thoracoscopic surgeries 
have reduced the mortality and morbidity of the surgical procedures. is rapidly progressing. It is a challenge to 
treat MDR-TB Spine with late onset paraplegia and progressive deformity. Physicians must treat tuberculosis of 
spine on the basis of Culture and sensitivity.
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INTRODUCTION

Tuberculous disease in human beings predominantly a� ects 
the Eastern hemisphere of the world. Up to three quarters of 
the world’s population lives in the Eastern hemisphere, and it 
is here that many live in poorly nourished, overcrowded and in 
subnormal social conditions.

With biological control of the disease by the employment of 
modern antitubercular drugs, the present day physician can 
give a be� er quality of life to the patient and be� er function 
to the involved joint. We have now broken the myth that 
“antitubercular drugs do not penetrate the skeletal tuberculous 
lesion in su�  cient concentrations,” and ankylosis of the joint 
is the only method to achieve no recurrence of disease. If 
diagnosed and managed e� ectively by “functional treatment,” 
early disease can resolve completely. In moderately advanced 

disease, many joints will heal with retention of functional 
arc of motion for many years; in advanced disease, surgical 
treatment can o� er a mobile joint with healed status.[1]

EPIDEMIOLOGY

� e French physician, Laennec (1781–1826), discovered the 
basic microscopic lesion, the “tubercle” in the beginning of the 
nineteenth century. � e world at large has nearly 30 million 
people su� ering from tuberculosis. A� er 1985, many a	  uent 
countries are recording an increase in the number of patients 
by 10–30% annually. According to the current estimates of the 
WHO, tuberculosis now kills 3 million people a year worldwide. 
However, it is estimated that India alone has got one-� � h of 
the total world population of tuberculous patients. � us, there 
are nearly 6 million radiologically proven cases of tuberculosis 
in India. Of all the patients su� ering from tuberculosis, nearly 
1–2% have involvement of the skeletal system. Vertebral 
tuberculosis is the most common form of skeletal tuberculosis, 
and constitutes about 50% of all cases of skeletal tuberculosis in 
the reported series.[1]

MICROBIOLOGY

Generally, only typical Mycobacterium tuberculosis is considered to 
be pathogenic. M. tuberculosis is a slow-growing aerobic organism 

Access this article online

Quick Response Code:

Website:

www.jcvjs.com

DOI:  

10.4103/0974-8237.77671



75

Journal of Craniovertebral Junction and Spine 2010, 1:14 Agrawal, et al.: Tuberculosis of spine

with a growth-doubling time of about 20 h in conditions 
favorable to the bacillus. In unfavorable conditions, it will grow 
only intermi� ently or remain dormant for a prolonged period to 
regrow whenever the host defense system becomes de� cient.

Ideally, diagnosis of tuberculous infection should be con� rmed 
by the demonstration of tubercle bacilli in the skeletal 
tuberculous lesion. However, this has not been possible in all the 
cases in any series (Grange 1989, Martin et al. 1989, Moon et al. 
2002). In general, the load of mycobacterium in the pulmonary 
lesions is 107–109, whereas in osteoarticular disease the load is 
<105. Incidence for positive cultures for acid-fast bacilli (AFB) 
in osteoarticular tuberculous lesion has been reported by various 
workers to be between 40 and 88% (Dahl 1951, Dobson 1951, 
Holmdahl 1951, Wilkinson 1953, Weinberg 1957, Hald 1964, 
Kemp 1973, Masood 1992). Direct smear examination of 
tuberculous material obtained during operation or obtained by 
aspiration of the infected synovium (from joints, bursae and 
tendon sheaths) or involved lymph nodes or the tuberculous 
osseous cavities may yield a positive result for tubercle bacilli if 
the sample contains more than 10,000 bacilli/ml.

� e best material for microbiological assessment appears to 
be the centrifuged residue material from a large quantity of 
abscess, cure� ings from the walls of cold abscess prior to 
secondary infection and cure� ing from the lining of the sinus 
tracts as close to the base (source) as possible. Mycobacterium 
culture methods are slow and insensitive enough in bacillary 
pulmonary tuberculosis; these di�  culties get greatly magni� ed 
in paucibacillary osteoarticular disease.

PATHOPHYSIOLOGY

Tuberculous osteomyelitis and arthritis are generally believed to 
arise from foci of bacilli lodged in the bone during the original 
mycobacteremia of primary infection. � e primary focus may 
be active or quiescent, apparent or latent, either in the lungs or 
in the lymph glands of the mediastinum, mesentry or cervical 
region, or kidney or other viscera. Alternatively, tuberculous 
bacilli may travel from the lung to the spine by Batson’s 
paravertebral venous plexus or by lymphatic drainage to the 
para-aortic lymph nodes. In most otherwise healthy individuals, 
the cellular immune response is able to contain the bacilli 
present in these sites, but not eradicate them.[1]

A large United States-based study of all bone and joint 
tuberculosis over a 4-year period revealed that the most 
common site of bony tuberculosis was the spine (40%), followed 
by weight-bearing joints (hip and knee) and, lastly, the other 
sites. [2] A British study from the same decade found a similar 
rate of spinal disease (43%).[3] � e proportion of spinal disease 
was found to be >50%, which may be caused by demographic 
di� erences in the study populations.[4,5] � e predilection for 
spinal disease may be explained by the fact that the vertebrae are 
extremely well vascularized, even in adulthood. Spinal disease is 
most frequently located in the lower thoracic and lumbar spine, 
with thoracic disease being more common in children and 

adolescents, whereas lumbar disease is found more commonly 
in adults.[6-8] Most cases of tuberculous bone and joint disease 
are isolated to one area, but multifocal disease has also been 
described. [9]

� e central type of vertebral body involvement, “skipped 
lesion” in the vertebral column and vertebral disease associated 
with tubercular meningitis, are due to spread of infection 
along the Batsons perivertebral plexus of veins. Simultaneous 
involvement of the paradiscal part of two contagious vertebrae 
in an atypical tuberculous lesion of the spine lends support to 
insemination of the bacilli through a common blood supply 
to this region. Simultaneous involvement of the distant part of 
the spine or the skeletal system and associated visceral lesion 
suggest spread of infection through the arterial blood supply. 
Seven percent of the cases of spinal tuberculosis had skipped 
lesion in the vertebral column and 12% had involvement of 
other bones and joints (excluding spine), and 20% of the 
cases on routine investigations had an evidence of tubercular 
involvement of viscera and/or glands and/or other parts of 
the skeletal system. [1] Spinal tuberculosis typically involves the 
initial destruction of the anteroinferior part of the vertebrae. 
Bacilli may then spread beneath the anterior spinal ligament 
and involve the anterosuperior aspect of the adjacent inferior 
vertebra, giving rise to the typical “wedge-shaped” deformity. 
Further spread may result in adjacent abscesses.[10] Anterior 
type of involvement of the vertebral bodies seems to be due to 
the extension of an abscess beneath the anterior longitudinal 
ligaments and the periosteum. � e infection may spread up 
and down, stripping the anterior and posterior longitudinal 
ligaments and the periosteum from the front and the sides of 
the vertebral bodies.[1] � e radiographic features of tuberculous 
osteomyelitis and arthritis are discussed further later.

Chronic granulomatous infection of bone by Nontuberculous 
mycobacteria (NTM) is a rare but recognized clinical syndrome, 
and usually occurs in the se� ing of direct inoculation of the 
organism following trauma, surgical incisions, puncture wounds 
or injections.

PATHOLOGY

Following the insemination of infection, the initial response 
is in the reticuloendothelial depots of the skeletal tissues. � is 
is characterized by accumulation of polymorphonuclear cells, 
which are rapidly replaced by macrophages and monocytes 
(mononuclears), the highly phagocytic members of the 
reticuloendothelial system. � e tubercle bacilli are phagocytosed 
and broken down and their lipid is dispersed throughout 
the cytoplasm of the mononuclear thus transforming them 
into epitheloid cells. Epitheloid cells are characteristic of the 
tuberculous reaction. � ese are large, pale cells with a large 
vesicular nucleus, abundant cytoplasm, indistinct margins 
and process that form an epitheloid reticulum. Langerhans 
giant cells are probably formed by the fusion of a number of 
epitheloid cells. � ese are formed only if caseation necrosis 
has occurred in the lesion, and o� en they contain tubercle 
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bacilli. � eir main function is to digest and remove necrosed 
tissue. A� er about a week, lymphocytes appear and form a ring 
around the peripheral part of the lesion. � is mass formed by 
the reactive cells of the reticuloendothelial tissues constitutes a 
nodule popularly known as the tubercle. � e tubercles grow by 
expansion and coalescence. During the second week, caseation 
occurs in the center of the tubercle by coagulation necrosis 
caused by the protein fraction of the tubercle bacilli. � e 
caseous material may so� en and liquefy. Presence of caseation 
necrosis is almost diagnostic of tuberculous pathology (and of 
tuberculoid leprosy) and such a tubercle is designed as “so�  
tubercle.” A tubercle may, however, not show central caseation 
(hard tubercle) under the in� uence of treatment or in the 
granulomatous in� ammations caused by mycosis, brucellosis, 
sarcoidosis and foreign bodies. [11]

Cold abscess is formed by a collection of products of liquefaction 
and the reactive exudation. � e cold abscess is mostly composed 
of serum, leucocytes, caseous material, bone debris and tubercle 
bacilli.

Following the infection, marked hyperemia and severe 
osteoporosis take place. Osseous destruction takes place by 
lysis of bone, which is thus so� ened and easily yields under 
the e� ect of gravity and muscle action, leading to compression, 
collapse or deformation of the bones. Necrosis also takes place 
due to ischemic infraction of segments of bones. � is change 
is secondary to arterial occlusion due to thromboembolic 
phenomenon, endarteritis and periarteritis. Ischemic necrosis 
has also been recognized as a contributing factor responsible for 
osseous and vertebral collapse. As a result of ischemic changes, 
sometimes, sequestration takes place, usually appearing as 
“coarse sand,” and rarely forming a de� nite radiologically visible 
sequestrum. Due to loss of nutrition, the adjacent articular 
cartilage or the intervening disc gets degenerated and may also 
become separated as sequestra. � e intervertebral disc is not 
involved primarily because it is a relatively avascular structure. 
� e early involvement of paradiscal regions of the vertebrae by 
the tuberculous process jeopardizes the nutrition of the disc. 
Such a necrosed or pathologically changed disc may also be 
invaded by the adjacent infectious process.

DIAGNOSIS

Clinical: � e symptoms of tuberculous bone and joint infections 
are nonspeci� c, and the clinical course is o� en indolent, usually 
leading to signi� cant delays in diagnosis and resultant bone or 
joint destruction. Only about 50% of the patients with bone 
and joint tuberculosis have chest radiographs suggestive of 
tuberculous infection, further obscuring the diagnosis. Pain 
or local swelling is the most frequent presenting complaint 
(Hodgson 1990, Iseman 2000). Fever and weight loss are 
present in only a minority of the patients. Cutaneous � stulae, 
abscesses and obvious joint deformity may also be present 
should the disease have been active for a long time. Like some 
other forms of extra pulmonary tuberculosis, such as lymph 
node disease, local symptoms are typically more prominent than 

systemic constitutional symptoms. Pain on ambulation in the 
a� ected weight-bearing joints is common, but nonspeci� c.

SYMPTOMS AND SIGNS

In the active stage, patients present with malaise, loss of weight, 
loss of appetite, night sweats and evening rise of temperature. 
� e spine is sti�  and painful on movement, with localized 
kyphotic deformity that would be tender on percussion. � ere is a 
persistent paraspinal muscle spasm around the involved vertebral 
bodies, which relaxes during sleep, permi� ing movement between 
the in� amed surfaces, resulting in typical night cries. A cold 
abscess may be present. Careful examination may reveal a small 
knuckle kyphosis on palpation of the spinous process.

In the healed stage, the patient neither looks ill nor feels 
ill, regains his lost weight and there is no evening rise of 
temperature or night sweats. � ere is no pain or tenderness in 
the spine and paraspinal spasm is also absent. � e deformity 
that has already occurred in the active stage persists.

Unusually, the � rst presenting symptom may be neurological 
de� cit. Abscess or sinus can present far away from the vertebral 
column along the fascial plains or course of the neurovascular 
bundles.

Spinal disease may be associated with neurologic de� cits caused 
by impingement of the spinal cord, nerve roots or nerves. 
Patients with thoracic spine disease are at particular risk for 
paraparesis or paraplegia.[Table 1] Paraplegia due to tuberculosis 
of the spine has been classi� ed into two main groups:[12]

Group A: Early-onset paraplegia – � is is the active phase of the 
vertebral disease, usually within the � rst 2 yrs of the onset. � e 
underlying pathology in most such cases is in� ammatory edema, 
tuberculous granulation tissue, tuberculous abscess, tuberculous 
caseous tissue or, rarely, ischemic lesion of the cord.

Group B: Late-onset paraplegia – � is appears many years 
(more than 2 years) a� er the disease has persisted in the 
vertebral column. Neurological complication may be associated 
with recrudescence of the disease or due to mechanical pressure 
on the cord. Underlying pathology in most of the cases is 
caseous tissue, tuberculous debris, sequestra from vertebral 
body and disc, internal gibbus, stenosis of the vertebral canal or 
severe deformity.

� e progressive severity of neural de� cit due to cord 
compression is staged by some workers, essentially depending 
on the degree of motor involvement.[13-15]

RADIOLOGY

On an average, involvement of 3.4 vertebrae was reported by 
Hodgson and Stock[16] in each patient. A � gure of 3.8 was given 
by Mukopadhyaya and Mishra.[17] � e average number reported 
in children was 3.4 by Martin (1970). � e average number of 
vertebrae involved in each lesion in our series was 3 for children 
and 2.5 for adults.



77

Spinal tuberculosis is most di�  cult to recognize radiologically 
in its early stage. � ere are four common sites of vertebral 
tuberculosis: paradiscal type, central type, anterior type, 
appendicial type.[1] Details of radiological presentation of 
di� erent sites of cold abscess and its tracking are beyond the 
scope of this article.

Skipped lesion
Seven percent of the patients may show “skipped lesion.”

Computed tomography and magnetic resonance 
imaging
CT and MRI are of special help for posterior spinal disease, 
tuberculosis of craniovertebral junction and cervicodorsal 
region, sacroiliac joints and of the sacrum where early lesions 
do not show in routine X-ray. Various pa� ern of destruction of 
vertebral bodies, delineation of the shape, extent and the route 
of spread of a cold abscess can also be very well visualized by 
CT scan.

MRI has been found to be extremely useful in the diagnosis 
of tuberculous infection of di�  cult and rare sites like 
craniovertebral region, cervico-dorsal region, disease of the 
posterior element and vertebral appendages and infection of 
the sacroiliac region. MRI is the most sensitive test for early 
diagnosis of spinal tuberculosis.

H o� man et al.[18] compared the usefulness of CT and MRI in 25 
children with spinal tuberculosis. Radiography provided most of 
the information necessary for the diagnosis and treatment. Axial 
CT was the most accurate method for visualizing the posterior 
bony element. Sagi� al MRI best showed the severity and content 
of extradural compression and helped to di� erentiate between 
an abscess and � brous tissue. � e main role of the CT and MRI 

is in the preoperative evaluation of the small proportion of the 
patients who require surgical treatment for paraplegia.

Ultrasound echographs
It has been employed to diagnose the presence of tubercular 
abscesses in lumbar vertebral disease. It provides composition 
and quantity of the iliopsoas mass therein.

Hence, multiple imaging modalities, such as plain radiographs, 
CT, MRI, and ultrasound, may all play a role in suggesting the 
diagnosis and aiding in the recovery of culture material through 
directed biopsies.

C linicoradiological classification of typical 
tubercular spondylitis[1]

Clinicoradiologically tubercular spondylitis is classi� ed into � ve 
stages [Table 2]

LABORATORY DIAGNOSIS

Recommendations for the core laboratory features of a 
tuberculosis control program include the following:
1. Rapid microscopic evaluation for AFB,
2. Nucleic acid ampli� cation assay (NAA/polymerase chain 

reaction [PCR]) of the collected sample,
3. Culture, with detection and subsequent identi� cation 

of samples within 3 weeks (which presupposes use of 
automated broth culture methods) and

4. Drug susceptibility testing for both � rst- and second-line 
drugs (usually performed at the state lab or national referral 
center level).[18]

Bacteriology and microscopy
Tuberculosis is caused by a bacillus of the M. tuberculosis 

Table1: Classifi cation of tuberculous paraplegia/tetraplegia (predominantly based on motor weakness)

Stage Clinical feature

I Negligible Patient unaware of neural defi cit, physician detects plantar extensor and/or ankle clonus

II Mild Patient is aware of defi cit but manages to walk with support

III Moderate Nonambulatory because of paralysis (in extension), sensory defi cit <50%

IV Severe III + fl exor spasm/paralysis in fl exion/fl accid/sensory defi cit more than 50%/sphincters involved

Table 2: Clinico-radiological classifi cation of typical tubercular spondylitis

Stage Clinicoradiological features Usual duration

I Predestructive Straightening of curvatures, spasm of perivertebral muscles, scintiscan 
would show hyperemia

<3 months

II Early destructive Diminished disc space + paradiscal erosion (knuckle <10 degree)
MRI shows marrow edema and break of osseous margins, CT-scan shows 
marginal erosions or cavitations

2–4 months

III, IV, V all have vertebral bodies destructive and collapse + appreciable kyphos:

III Mild angular kyphos 2–3 vertebra involved (K: 10–30) 3–9 months

IV Moderate angular kyphos >3 vertebrae involved (K: 30–60) 6–24 months

V Severe kyphos (Humpback) >3 vertebrae involved (K > 60) >2 years

K is the angle of kyphosis as measured by the technique of Dickson (1967). In stage III, IV, V, diagnosis is clear on conventional X–rays; CT scan and MRI would show advanced 
changes. However, these are unnecessary except for diffi cult sites (Kumar 1988)

Journal of Craniovertebral Junction and Spine 2010, 1:14 Agrawal, et al.: Tuberculosis of spine
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complex. � e most common of the group, M. tuberculosis, 
grows slowly and stains acid fast because of a highly lipid and 
peptidoglycan-rich cell wall. Evaluation of tissue samples 
is accomplished with two main stains: Ziehl–Neelsen and 
auramine orange � uorescence. Typically, 104–106 organisms/ml 
are required for detection, although concentration techniques 
can lower this number. � e hallmark � nding on histopathology 
is the necrotizing or caseating granuloma. When found, 
tuberculosis should be presumed until disproven. � e number of 
granulomas observed may vary by biopsy site — high numbers 
in the lung, low numbers in the bone marrow.

Nontuberculosis mycobacteria also may cause necrotizing 
granulomas. Human immunode� ciency virus (HIV) status may 
a� ect the observed histopathology of the biopsy samples.[19]

Polymerase chain reaction
Several strategies for the ampli� cation of nucleic acids have 
been described, including ampli� cation of the nucleic acid target 
(e.g., PCR, strand displacement ampli� cation, self-sustaining 
sequence replication), ampli� cation of a nucleic acid probe (e.g., 
ligase chain reaction, Q [b] replicase) and signal ampli� cation 
(e.g., branched-probe DNA assay).

It is important to understand how PCR-based techniques are 
used to detect the presence of infectious agents in which there 
are too few organisms present for detection by other means. 
� is is illustrated by the use of PCR for the detection of 
Mycobacterium infection. � e smear can be negative 50% of 
the time, particularly in immunosuppressed individuals; cultures 
can take a long time, which makes the diagnostic approach 
problematic. PCR can provide both rapid results and an 
improved diagnostic accuracy of the involved mycobacteria (M. 

tuberculosis from nontuberculous mycobacteria) in the disease 
process and lead to the right therapeutic approach in a short 
period of time. Direct ampli� cation tests have also had a great 
impact on the rapid diagnosis of tuberculosis. Conventional 
culture methods for the isolation of mycobacteria generally take 
several weeks, whereas PCR takes only 24 h.

Commercial ampli� cation assays have been found to have 
sensitivities of about 90–98% as compared with culture of 
specimens that are smear-positive for AFB. � e performance 
of these ampli� cations, however, has been suboptimal 
for specimens without AFB seen on direct microscopic 
examination, with reported sensitivities as low as 46%. � e 
speci� city of PCR-based assays for M. tuberculosis is excellent 
at 98%, and sensitivity is at least 80%. Although these assays 
cannot replace mycobacterial cultures, their ability to rapidly 
determine the presence of M. tuberculosis directly from the 
respiratory tract specimens has enabled more rapid institution 
of e� ective therapy and implementation of important infection 
control and public health interventions. Mycobacterium sp 
probes for the rapid identi� cation of mycobacteria are now 
widely used to identify acid-fast organisms grown on solid 
media or in liquid media. � e limitation of these NAA is that 
they give no drug susceptibility information; also, they detect 
nucleic acids from both living and dead organisms and may 

be false-positive for active disease. Assays that detect mRNA 
remain positive only while viable mycobacteria persist, so 
they are sensitive indicators of treatment response and drug 
susceptibility.

For extrapulmonary tuberculosis, AFB smears and culture are 
less sensitive than in respiratory samples. Herein, NAA plays an 
important role in the diagnosis, although it is not completely 
de� ned. � e sensitivity in nonrespiratory samples for the 
Mycobacterium Tuberculosis Direct Test goes from 67% to 
100%; in smear-negative samples, the sensitivity ranges from 
52% to 100% in di� erent studies.[20]

My cobacterial culture
Culture is crucial to provide antibiotic sensitivities to guide 
therapy. It is important to culture material from deep structures, 
such as bone, abscesses, synovial � uid or synovial tissue rather 
than culturing drainage � uid, because these specimens may 
grow colonizing organisms, such as bacteria or fungi, which may 
cloud the diagnosis. An older review of the use of synovial � uid 
culture for M. tuberculosis reported a sensitivity of 79%, whereas 
synovial tissue culture had a sensitivity of 94%.

Culture remains the gold standard for diagnosis. Egg-based plate 
media such as Lowenstein –Jensen are used, but agar media such 
as Selective 7H11 and liquid-based media (Becton–Dickinson 
and Co., BACTEC™ and BACTEC™ MGIT™) now are the 
standard. Some centers use all of these modalities to capture 
rare strains. Growth o� en can be detected within 2 weeks. 
Typical hold periods are for 4–6 weeks. Use of these systems 
also allows expeditious drug susceptibility assessment when 
agents are added into the liquid media. M. tuberculosis grows 
at 37oC, with a 5–10% CO

2
 mixture. It can be distinguished 

from some atypical pathogens by its absence of growth at room 
temperature, beading when stained from media and propensity 
to form cords on 7H11 agar. With a generation time of over 12 h, 
sample contamination and overgrowth by conventional bacteria 
is a continuing challenge. Pretreatment with a � uoroquinolone 
may delay diagnosis by more than 2 weeks, including delays in 
culture positivity. Culture yields in extrapulmonary tuberculosis 
are signi� cantly lower than from sputum samples. Improvements 
in sample processing for use in PCR have increased culture 
yields, resulting in detection of <102 organisms/ml.[20]

Immunology 
Lack of sensitivity in smear examination, nonspeci� city 
of radiological � ndings, extended turn around time of M. 

tuberculosis culture and di�  culties in diagnosing paucibacillary, 
childhood and extrapulmonary tuberculosis has necessitated the 
exploration of the utility of immunodiagnosis of tuberculosis 
as a convenient and cost-e� ective test to supplement clinical 
information for de� nite diagnosis. Indigenous immunoassay 
systems have explored excretory–secretory ES-31 mycobacterial 
antigen for the immunodiagnosis of TB. Many a time there is 
lack of consistent elevation in all the three Ig classes in active 
infection thus making it more important to determine the ideal 
antibody isotype assay for reliable diagnosis of tuberculosis and 
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activity of the infection. Its repeated estimation at 3–6-month 
intervals gives a valuable index to the activity of the disease.

Tuberculin skin testing
� is test is of limited use in determining active disease, however, 
and is best used for screening for latent infection in high-risk 
populations. Although skin test positivity has been reported to 
be as high as 90% in immunocompetent patients with bone and 
joint tuberculosis,[23] positivity neither con� rms nor excludes the 
diagnosis. In debilitated or immunocompromised patients, the 
sensitivity of the test decreases substantially, making it largely 
irrelevant in making the diagnosis of tuberculosis disease in this 
population. Tuberculin skin testing is not useful in diagnosing 
disease caused by NTM.

Bone destruction is usually seen a� er 2 to 3 months on x-rays.
[Figures 1a-e]

Histology
In cases where a biopsy was performed but material was not 

to save the costs of the patient for unnecessary investigations.

As various studies have revealed, it will be be� er to opt for only 
the “IgG” estimation assay as an adjunct test for con� rming 
clinical suspicion. � e assay of IgM and IgA will not be of 
much help in eliciting any more information. Further, in 
tuberculosis cases negative for IgG antibody, antigen detection 
may be more useful, as observed with the 31 kDa antigen (19), 
in con� rming active tuberculosis infection.[21]

Cell count s and fluid biochemistry 
� e cell count and biochemistry � ndings from tuberculous joint 
� uids, although typical of in� ammatory arthritis, are not speci� c 
for a mycobacterial infection.[22] Moderately elevated leukocyte 
counts with a neutrophilic predominance, low glucose and 
increased protein are typical.

Erythrocytes sedimentation rate
In the active stage of the disease, a relative lymphocytosis, low 
hemoglobin and raised erythrocyte sedimentation rate are 
o� en found. Raised ESR, however, is not necessarily a proof of 
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Figure1a-b: Show almost normal radiology for a 25 yr old male with neck pain for 2 months. MRI was done (1c) after he started weakness 
in the legs.  Anterior decompression bone grafting and plating was done (1d and 1e)

a b c

d e
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sent for mycobacterial culture, histology can be very useful in 
suggesting the diagnosis. Histological evidence of mycobacterial 
infection has been reported in 94% of the synovial biopsy 
specimens,[24] although the presence of granulomatous 
in� ammation is not speci� c for mycobacterial infection.[25] � e 
detection of mycobacterial genetic material from pathology 
specimens may aid in diagnosis, although the positive and 
negative predictive values of these techniques is not well 
de� ned.[26]

TREATMENT

Evolution of treatment in TB spine: � e evolution of 
treatment of tuberculosis of bone, joints and spine has passed 
through di� erent phases of development. � e availability of 
antitubercular drugs (1948–1951), a signi� cant milestone, 
divides the treatment of tuberculosis into two eras:
1. Preantitubercular era: Hippocrates (450 BC) and Galen 

(131–201 AD) tried to correct kyphotic deformity due 
to tuberculosis of spine, by manual pressure, traction and 
mechanical appliances, but failed. � e orthodox conservative 
treatment advocated recumbency, immobilization by means 
of body cast, plaster beds and braces. Rest as fundamental 
of treatment was strongly advised and practiced by John 
Hilton and Hugh Owen � omas. In general, results of 
these conservative treatments were disappointing. Hence, 
operative procedures were developed either for the 
treatment or for the prevention of paralysis in tuberculosis 
of the spine.

a. Laminectomy and Laminotomy: Chipault in 1896 was 
the � rst to use laminectomy in Po� s paraplegia and 
later Fraser performed laminotomy, but, � nally in 1937, 
abandoned the operation altogether as the late results 
were disappointing.

b. Costo-transversectomy: Menard in 1894 developed 
costotransversectomy, which fell into general disrepute, 
because of the high incidence of sinus formation and of 
secondary infection.

c. Posterior mediastinostomy: Obalinski performed the 
procedure for the evacuation of tuberculous paravertebral 
abscess.

d. Calve’s operation: Calve in 1917 devised a method 
to aspirate the contents of an abscess without sinus 
formation.

e. Lateral rhachiotomy of Capener: Norman Capener in 
1933 devised lateral rhachiotomy, which was a direct 
a� ack on the solid compressing agent anterior to theca, 
whereby he excised a part of the lamina and pedicle from 
one side to enter the spinal canal anteriorly and remove 
the cause of pressure on the cord.

f. Anterolateral decompression of Do�  and Alexander: 
Do�  and Alexander evolved the operation of anterolateral 
decompression, a modi� cation of Capener’s operation, 
the approach being a li� le more anterior and involving 
removal of a part of the body of the vertebra to gain access 
to the spinal canal; no part of the lamina was removed.

g. Posterior decompression with posterior spinal arthrodesis: 
Because of the results of the operations on the diseased 
parts of the spine, Albee (1911, 1930) and Hibbs (1912, 
1918) introduced the operation of posterior spinal fusion. 
Such operations were carried out 1911 onwards and were 
developed by many surgeons to shorten the period of 
immobilization in the bed and to provide a permanent 
internal stability to the tuberculous spine to avoid 
recurrence of the disease and development of paraplegia.

h. Over the years it became increasingly obvious that 
posterior fusion did nothing to the diseased area where 
pus, debris and necrotic bone remained enmeshed and 
encysted in dense � brous tissue, where the organisms 
remained alive, sometimes mildly active, in other cases 
dormant only to � are up at any chance or provocation.

1. � e availability of the antitubercular therapy, however, 
improved the results of nonoperative conservative treatment 
and posterior spinal fusion.

At present, only practical use of posterior spinal arthrodesis in 
Po� s disease is considered:
1. To control mechanical instability or pain due to this 

instability and not due to grumbling disease,[26]

2. For arresting the progress of kyphosis[27] and
3. During correction of spinal deformity in a panvertebral 

operation.[27,28]

Role of antitubercular drugs
E� ective chemotherapy has been available for the treatment of 
TB for over 50 years now. In the World Health Organization 
(WHO)-International Union Against Tuberculosis and Lung 
Disease (IUATLD) Working Group Global Anti-Tuberculosis 
Drug Resistance Surveillance (1994–1997), the incidence 
of MDR TB in Delhi was found to be 14%, of which primary 
multidrug resistance was only 1.4%, indicating that most of 
MDR TB is acquired as a result of poor chemotherapy. Culture 
of M. tuberculosis is the gold standard for the diagnosis of TB.

Management of TB: Essential anti-tuberculosis (A� ) drugs 
Isoniazid (H), Rifampicin (R), Ethambutol (E), Pyrazinamide (Z) 
and Streptomycin (S) are the essential � rst-line anti-tuberculosis 
drugs. � e anti-TB regimen consists of two phases: an initial 
intensive phase (IIP) and a continuation phase (CP). Best-
e� ective short-course chemotherapy (SCC) for the treatment of 
TB, for adults and children, for pregnant and lactating females, 
for cases associated with diabetes mellitus and HIV infection, for 
cases with preexisting liver diseases (but normal liver functions) 
and mild renal failure is 2EHRZ, 4HR given daily or thrice 
weekly. Higher-dose SCC intermi� ent therapy given thrice weekly 
(2E3H3R3Z3, 4H3R3) has now been advocated by WHO and 
implemented by the Revised National TB Control Programme. 
India had a National Tuberculosis Programme (NTP) in place 
from the ‘60s, following epidemiological assessment of the 
situation during 1955–1958. In 1993, the NTP in India was 
strengthened in the form of Revised National Tuberculosis 
Control Programme (RNTCP). Following a decade of e� orts to 



81

Journal of Craniovertebral Junction and Spine 2010, 1:14 Agrawal, et al.: Tuberculosis of spine

test run the RNTCP and then implement it in the � eld conditions 
in India, the programme entered into the phase of substantial 
expansion. More than 450 million people are already reported to 
be under the directly observed treatment short course (DOTS) 
strategy under the RNTCP by the end of 2001. DOTS is where 
the patient takes the drugs under the direct observation (DO) 
of a health worker to ensure regularity of consumption of drugs. 
Fixed-dose combination (FDCs) drugs consisting of two or three 
A�  medications, provide a realistic and welcome alternative to 
DO, which minimize the opportunity for a patient to selectively 
take only a single medication.

Management of special situations
Pregnancy:
All drugs, i.e., rifampicin, isoniazid, ethambutol and 
pyrazinamide, can be used during pregnancy. Streptomycin is 
not given due to ototoxicity to the fetus. Prophylactic pyridoxine 
in the dose of 10 mg/day is recommended along with A� .

Diabetes mellitus
� e drug regimen is same as in nondiabetics. Strict control of 
blood glucose is mandatory. Also, doses of oral hypoglycemic 
agents may have to be increased due to the interaction with 
rifampicin. Prophylactic pyridoxine is indicated.

Renal failure
Dosages may have to be adjusted according to the creatinine 
clearance, especially for streptomycin, ethambutol and isoniazid. 
In acute renal failure, ethambutol should be given 8 h before 
hemodialysis.

Postrenal transplant patients
Rifampicin-containing regimens are avoided as rifampicin causes 
increased clearance of cyclosporine.

Preexisting liver disease
In stable disease with normal liver enzymes, all A�  drugs 
may be used, but frequent monitoring of liver function tests is 
required.

Treatment in unconscious patients (patients unable to swallow)
If patients are fed by Ryle’s tube or gastrostomy tube, 
usual doses and drugs may be powdered and administered, 
avoiding feeds 2–3 h before and a� er the dose. In cases where 
enterostomy has been performed or parenteral nutrition is being 
used, intramuscular streptomycin and isoniazid and intravenous 
quinolones may be used, with switching to oral therapy once 
oral feed is resumed.

Treatment of TB with HIV coinfection
In the early stages, the presentations of TB in TB–HIV 
coinfection is the same as in HIV-negative, but in the late stages, 
extrapulmonary and dissemination are common. � e usual short-
course chemotherapy is indicated in HIV-positive patients. � e 
response is usually good, but relapse is frequent. A� er initiating 
A�  or antiretroviral therapy (ART), worsening of preexisting 
lesions or appearance of new lesions is seen, the “paradoxical 
response” or “immune reconstitution phenomenon.” Multidrug-

resistant TB can occur due to poor compliance to A�  due 
to behavioral pa� ern, increased incidence of side-e� ects and 
malabsorption of drugs due to associated diarrhea. ART for HIV, 
containing protease inhibitors (PI) and nonnucleoside reverse 
transcriptase inhibitors (NNRTI), cannot be used along with 
R, as R induces metabolism of PI and reduces the e�  cacy. � e 
various options are: (i) to postpone ART, (ii) to use no PI or 
NNRTI containing antiretroviral combinations, (iii) to use certain 
PI/ and/or NNRTIs with modi� cation in doses, iv) Efavirenz 
(EFZ) or Saquinavir with Ritonavir, without the need to adjust 
the doses and (v) to use non-R regimens, e.g. 2SHEZ + 10HE.

Management of multi drug resistant – tuberculosis 
As far as possible, treatment of Management of multi drug 
resistant – tuberculosis (MDR TB) should be referred to 
specialized units with facilities for quality-controlled drug 
susceptibility testing (DST) and experience in handling such 
cases. If such referrals are not possible, one must remember that 
while initiating or revising therapy for MDR-TB, drug selection 
must rely on prior treatment history, results of susceptibility 
testing and an evaluation of the patient’s adherence.[29]

Direct operative treatment with ATT Drugs
It is rather di�  cult to strictly compare the results of various 
series treated by nonoperative and operative treatment as the 
clinical material varies from center to center.

Excisional therapy has been practiced by many workers for 
all cases of tuberculosis of spine, with excellent results when 
combined with antitubercular drugs. � e incidence of healing 
has been 80–96%. Excisional surgery evidently evacuates 
tubercular pus and debris, removes sequestra of disc and bone 
and opens up new vascular channels in ischemic areas thus 
leading to reduction of general toxemia, reduction of the total 
time of healing of the local lesion and probably improves the 
quality of healing, especially in cases with extensive destruction 
and sequestration.

On the other hand, there are certain cases of tuberculosis of 
spine that do not have extensive destruction and sequestration 
which would heal without surgical intervention.

� e present day clinician is equipped with sophisticated 
investigations (CT/MRI) to diagnose tuberculous infection 
of the spine at a very early stage (predestructive or early 
destructive) and achieve excellent healing in nearly all such 
cases without the necessity of surgical interventi

Indications of surgery in the active stage of the 
disease [Figures 2a-d and 3a-b]
In general, surgeons who do not decompress every case follow 
a middle path (Tuli) and limit surgical decompression to the 
following situations:
• Neurological complication that failed to respond to 

conservative therapy or too advanced therapy.
• Progressive bone destruction in spite of chemotherapeutic 

regime.
• Failure to respond to conservative therapy.
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• Prevention of severe kyphosis in young children with 
extensive dorsal lesion.

• Uncertainty in diagnosis.

A period of observation of about 3–4 months seems to be 
enough to judge these features.
• Marked increase in the size of paravertebral abscess in spite 

of rest and a chemotherapeutic regime.

Indications of late surgery
• Recrudescence of the local disease.
• Development of neural complication.
• Pain in the spine due to mechanical instability.

Surgical options
• Decompression ± fusion.
• Debridement ± fusion.
• Debridement ± decompression ± fusion.

Laminectomy has no place in tuberculosis of spine except for 
extradural granuloma/tuberculoma presenting as “Spinal tumor 
syndrome” or a case of old healed disease (without much 
deformity) presenting with secondary “vertebral canal stenosis” 
or posterior spinal disease.

� e authors recommend a surgical approach to spinal 
tuberculosis in cases where surgery is indicated and 
thoracotomy is not contraindicated. � e authors recommend 
a single-stage anterior instrumentation that provides an 

Journal of Craniovertebral Junction and Spine 2010, 1:14 Agrawal, et al.: Tuberculosis of spine

Figure 2a-d: 30 years old female presented with 4months history of back pain with signifi cant paraparesis and bladder involvement. She 
was treated with anterior decompression bone grafting and stabilization. 

a b

c d

e� ective correction of the deformity, stable alignment and 
solid fusion on the basis of proper decompression and bone 
gra� ing without increasing the potential for the postoperative 
persistence or recurrence of spinal tuberculous infection. Use 
of cage with iliac/rib gra�  provides be� er correction as well as 
maintenance of correction in comparison to the isolated iliac 
crest or rib gra� .[� gure 2a-d]

Management of kyphosis
Course of kyphosis and prediction of deformity: � e angle of 
kyphosis increased by 10–30 degrees in 12%, more than 30 degrees 
in 3% and, in the remaining 85%, the kyphosis either remained 
static or decreased or increased less than 10 degrees. From the 
studies, it was concluded that multiple vertebral involvement, 
active growth and situation of the lesion in the thoracic spine 
were responsible for the excessive increase in kyphosis. Increase in 
kyphosis was observed in 67% of the thoracolumbar region, 55% 
of the thoracic and 33% of the lumbar lesions.[30,31]

Among the operated cases of tubercular lesions, kyphosis angle 
increased >30 degrees in 4%, 10–30 degrees in 19% and <10 
degrees or static in 77%. � e deformity in the operated cases 
became stable by about 18 months in a majority of the cases.

Rajasekaran and Shanmugasundaram, 1987,[31] calculated that 
future angle (Y) of kyphotic deformity in tuberculosis of the 
spine could be reasonably predicted by using a formula Y = a + 
bx, where x is the initial loss of vertebral bodies (height in cm) 
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Figure 3a-b: this is 45 years old female presented with signifi cant 
increasing backache for 6 months was on antitubercular medicines. 
She was stabilized with single staged front and back procedure with 
pedicle screws, expandable cage and bone graft.

a

b
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the operative procedures required are anterior at the site of 
disease, osteotomy at the posterior elements at the deformity 
and halopelvic or halofemoral traction posteriorly.

Treatment of paraplegia in severe kyphosis is anterior 
transposition of the cord through laminectomy.[12] 
Laminectomy was performed � rst, then enough spinal nerve 
roots were divided on both sides to permit rotation and 
retraction of the theca so that enough bone from the front of 
the vertebral canal could be removed. Excellent removal of 
internal kyphosis can be achieved through the anterolateral 
approach to permit the cord to lie in a relaxed anterior position.
[Figure 4a-b] Rajasekaran (2002) suggested stabilization of 
the spine posteriorly followed by anterior debridement and 
bone gra� ing in the active stage of the disease. In the healed 
stage with rigid deformity, he suggested anterior debridement 
� rst to be followed by posterior instrumentation and anterior 
fusion.

Detailed discussion on the special considerations for di� erent 
anatomical segments is beyond the scope of this article.

Role of endoscopy
In cases of suspected tuberculous spondylitis, radiologic 
examination with standard posteroanterior and lateral spine � lms 
and MRI scans are essential for the diagnosis and localization 
of lesions. Con� rmations of the diagnosis with culture and 
sensitivity studies are required for adequate treatment. CT-
guided � ne needle aspiration has a diagnostic yield of 25–
89%. � erefore, surgical biopsies are o� en required. A VATS 
procedure is an expeditious, minimally invasive technique that 
allows adequate specimens to be obtained.[34] VATS provides 
a signi� cant advantage of minimum blood loss, less tissue 
damage, less pain in the postop period, short hospital stay, be� er 
illumination and be� er magni� cation. We have been performing 
endoscopic surgery for spinal tuberculosis since 2000. We have 
performed more than 28 cases of TB spine. � is was carried 
out for dorsal spine tuberculosis between D4 to D10, where the 
patient was not responding to antitubercular medicines for more 
than 3 months. Initially, it was performed for draining tubercle 
abscesses and biopsy. Later on, corpectomy and bone gra� ing 
were added for eight patients. It was found to be di�  cult to 
perform endoscopy in TB as there is poor distinction of tissues, 
adhesions and bleeding granulation tissue. [Figures 5a- c]

Role of implants
In the mid 1980s, there was skepticism of active infection. 
Results were excellent with healing of multisegment disease. 
Adjuvant posterior stabilization resulted in early mobilization 
and rehabilitation. Radical anterior debridement clears the 
diseased focus, allowing reconstruction and restoration of the 
anterior column. Healing of the disease and fusion of the gra�  
across the a� ected vertebrae are hastened while neurological 
recovery is una� ected. � e incidence of gra� -related problems 
and the progression of the kyphosis is signi� cantly less when 
compared with anterior surgery alone. � e postoperative 
loss of correction is insigni� cant for combined anterior and 

and a and b are constants 5.5 and 30.5, respectively.

Prevention of kyphotic deformity
In young children having thoracic lesions with involvement 
of three or more vertebrae, recumbency in the prone position 
in the early active stage and operative debridement and bone 
gra� ing posteriorly for panvertebral stabilization may minimize 
the development of progressive kyphotic deformity.[33] � e only 
operative procedure that has been claimed to prevent increase 
of kyphotic deformity is the radical excision and bone gra� ing 
performed in Hong Kong by pioneers of the radical operation 
themselves.[32]

However, single-stage decompression with fusion and kyphosis 
correction is a very demanding surgery and should be performed 
a� er taking into account the risks and bene� ts involved. � is 
surgery perhaps prevents progression of neurological de� cit and 
recurrence of late-onset paraplegia in these complex cases in 
developing countries.[33]

Severe kyphosis
Kyphotic deformity may be unstable and progressive, 
particularly in childhood, and they believed that a severe 
deformity in the presence of active disease should be an 
absolute indication for decompression, correction and 
stabilization, as late reconstruction of tuberculous kyphos was 
a di�  cult and dangerous procedure. Any signi� cant correction 
of � xed kyphotic deformity involved many staged operations; 
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posterior surgery. Intra- or postoperative complications 
relating to prolonged anesthesia and surgery were not seen and 
the combined anterior and posterior surgery shortens hospital 
stay. � ere was no added risk with the use of the implant, 
either anteriorly or posteriorly, even in the presence of large 
quantities of pus.[35]

Similarly, in our retrospective study,[36] we evaluated 26 patients 
(nine females and 17 males with the mean age of 38.34 years) 
with spinal tuberculosis, who underwent single-stage anterior 
radical debridement, autologous bone gra� ing with or without 
Pyramesh cage and anterior instrumentation. � e average 
follow-up period was 25.96 months (12–40 months). A solid 
fusion was achieved in all cases at an average duration of 7.34 
months (6–9 months). Depending on the use of the cage with 
rib/iliac crest gra� , isolated iliac and rib gra� , measurement 
of the kyphotic deformity was performed separately in each 
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Figure 4a-b: 26year old male presented with late onset paralysis 
due to conservatively treated childhood tuberculosis leading to 
signifi cant kyphosis. This was treated with posterior stabilization 
and internal gibbectomy

a

b

Figure 5a-c: 52 years old male presented with increasing pain and 
deformity of dorsal spine after taking Antitubercular drugs for 5 
months. He was treated with endoscopic corpectomy, pyrmesh cage 
with bone grafting and single screw-rod construct. Clinical picture 
shows small scars 3 months after surgery.

a

b

c
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group at regular intervals. Nineteen patients in whom Pyramesh 
cage along with rib gra� /iliac crest was used showed excellent 
results in deformity correction from an average of 23 degrees 
(10–36) on admission to an average of 3 degree a� er surgery, 
which, at the time of fusion, was 4.5 degree. Seven patients in 
whom isolated iliac/rib gra�  was used showed good results in 
the initial postop period, but gradual loss of correction was 
observed on follow-up. � e average deformity of 19 degree 
(12–25) preoperatively was corrected to 3.5 degrees (2–6). 
� is group showed signi� cant loss of correction at � nal follow-
up, and average deformity at the time of fusion was 11 degrees. 
� ere was no recurrence of the tuberculous infection in any of 
the patients. Hence, we recommend the single-stage anterior 
instrumentation, which provides an e� ective correction of the 
deformity, stable alignment and solid fusion. Use of cage with 
iliac/rib gra�  provides be� er correction as well as maintenance 
of correction in comparison with the isolated iliac crest or rib 
gra� .
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