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Abstract
Background: There is no much information about how tuberculous lesions of the spine
progress/heal; what clinical and radiological features suggest progression/healing; what
is the optimal duration of antitubercular treatment; and what clinical, laboratory, and
radiological investigations and their frequency should be done to monitor the disease course.
Aims: The present study aimed to evaluate what specific clinicoradiologic features suggest
involvement and healing in tuberculosis of the spine. Subjects and Methods: Fifty spinal
tuberculosis patients (30 males and 20 females) diagnosed clinicoradiologically were enrolled
in the study. Patients were evaluated clinically, radiographically, and by magnetic resonance
imaging (MRI) at regular intervals to monitor the disease course till 24 months of the
initial presentation. Results: Wedge/collapse (23/50 cases), soft tissue mass (29/50 cases),
disc narrowing (45/54 discs), and endplate erosions (89/107 endplates) were the plain
radiological findings of tubercular spinal involvement. Earliest sign of healing on plain
radiography was decrease in fuzziness of endplate, ultimately leading to either sclerosis
of endplate or fusion of adjacent vertebrae. Initial MRI findings included bone marrow
edema (50/50 cases), discitis (53/62 discs), endplate erosions (105/123 endplates), pre‑ and
para‑vertebral collections (45/50 cases), epidural involvement (26/50 cases), epidural spread
(77/109 vertebrae), and subligamentous spread (42/50 cases). Earliest feature of healing
on magnetic resonance (MR) examination was decrease in inflammatory soft‑tissue masses
and reduction in marrow edema. Conclusions: Salient features of spinal involvement in
tuberculosis on plain radiograph were paradiscal involvement, endplate destruction, and soft
tissue masses. Marrow edema, paravertebral collections, subligamentous spread, extradural
component, endplate erosion, and discitis suggested tubercular involvement of the spine on
MRI. A decrease in these was observed to have prognostic value both in monitoring disease
course and response to chemotherapy. Based on the clinicoradiologic findings of the present
study, we propose decision‑making algorithm, follow‑up algorithm, and MR examination
protocol for spinal tuberculosis.
Keywords: Clinicoradiologic features, Magnetic resonance imaging, Spine, Tuberculosis, X‑rays
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Introduction
The morphologic and pathophysiologic changes encountered
in spinal tuberculosis are most severe and most varied
among infective spondylitis.[1,2] Early diagnosis and prompt
treatment are essential to prevent permanent neurological
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deficit and/or spinal deformity. However, it can only be
made if one detects early clinical and radiological features
suggestive of spinal tuberculosis. [1,2] Imaging plays a
major role in the overall evaluation of these lesions. An
ideal modality of investigation is expected to provide
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information that will help identify the nature of disease,
show the location and extent of involvement, suggest the
type of infection, guide biopsy and/or drainage procedure,
indicate method of therapy, and help assess response to
therapy.[3]
Radiographs are the first line of investigations to substantiate
or refute a clinical diagnosis of tuberculosis of the spine.
Early lesions are usually missed on plain radiography
because at least 30%–40% mineral density should be
lost before changes appear on radiographs. [4] Computed
tomography (CT) scanning can determine posterior
extension and encroachment of inflammatory tissue, bone,
or disc material and diagnose posterior spinal disease and
involvement of sacroiliac joints and sacrum. It helps in
guiding biopsies and planning operative intervention.[1,2,5,6]
Magnetic resonance imaging (MRI) is considered an ideal
modality for making the diagnosis, demonstrating the extent
of disease, identifying complications, and assessing response
to treatment.[7,8] It has an excellent contrast resolution and
multiplanar capabilities with equally good definition of bone
and soft tissues.[3,9] A major advantage of MRI, compared with
CT scan and plain radiography, is the higher sensitivity for
detection of early inflammatory bone marrow changes in the
vertebra. MRI is mostly useful in delineating paravertebral,
epidural, and intraosseous abscesses and in evaluating the
extent of cord compression and presence of intramedullary
lesions.[10]
Eradication of infection is the primary aim of treatment in
spinal tuberculosis. In addition, correction or prevention of
increase in angular deformity together with recovery from any
neurological deficit is the further aim.[1,2,9] The present study
aimed to evaluate what specific clinicoradiologic features
suggest involvement and healing in tuberculosis of the spine.
It was hypothesized that it would help in better understanding
of characteristic clinicoradiologic features of involvement
and healing and defining imaging and treatment protocols in
tuberculosis of spine.

Subjects and Methods
This prospective study was carried in fifty patients aging more
than 15 years and suffering from tuberculosis of the spine. The
study started in November 2007 and completed in November
2012. After taking informed consent and ethical clearance,
a total of 68 consecutive patients were enrolled during this
period, but only fifty patients completed full 2 years of regular
follow‑up with all relevant investigations as per the study
protocol. The diagnosis was confirmed by clinicoradiologic
evaluation and observing response to antitubercular treatment.
Patients with severely immunocompromising disorders
likely to affect healing and involvement pattern, for example,
HIV‑positive patients, and patients with tumorous conditions
were excluded from the study.
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Clinical evaluation
Detailed informative history of the patient was taken. Thorough
clinical examination, both physical and neurological, was
performed. Neurological classification was done according
to Tuli’s classification of stages of paraplegia.[11] Baseline
hematological investigations such as complete blood count,
erythrocyte sedimentation rate (ESR), liver function tests,
renal function tests, serum proteins, albumin‑globulin ratio,
human immunodeficiency virus, and hepatitis‑B antigen were
carried out.
Radiographic evaluation
Plain X‑rays of the chest, affected vertebral column,
and any other affected part of the body were carried out.
Ultrasonography of the cold abscess (paraspinal, psoas) was
done to know about initial size of the abscesses.
Magnetic resonance imaging evaluation
MRI to localize the site and amount of destruction, vertebral
body part affected, skip lesion, cord condition, epidural abscess,
and pre‑ and para‑vertebral abscesses was done. Sagittal,
axial, and coronal T1‑weighted images and T2‑weighted fast
spin‑echo images were taken on different MRI systems with
magnetic field strengths ranging from 1 to 1.5 Tesla.
Miscellaneous investigations
Other investigations such as fine needle aspiration cytology (if
diagnosis was doubtful), and in case of therapeutic drainage
of pus, it was sent for Ziehl–Neelsen staining and culture
sensitivity. In eleven patients who were operated for
neurological deteriorations, removed tissue was sent for
histopathological examination and pus and granulation tissue
were sent for Ziehl–Neelsen staining and culture sensitivity.
Three sputum samples were tested for acid‑fast bacilli.
Tuberculin skin test (Mantoux test) was done.
After initial clinical examination and requisite investigations,
protocol of treatment was decided. Patients requiring
conservative treatment were treated with antitubercular
treatment for 12 months. Braces (thoraco‑lumbo‑sacral
orthosis [Taylor brace for lesion from fourth dorsal to second
lumbar vertebrae; lumbosacral orthosis (Goldthwait brace
for second lumbar to lumbosacral region)]) were applied to
prevent deformity of the spine. Requisite surgical procedures
along with antitubercular treatment were followed in patients
requiring surgery both for neurological involvements and
drainage of pus. Follow‑up was done monthly for the first
3 months, three monthly for 1 year, and six monthly for 2 years.
At any time during follow‑up, if patient needed alteration in
antitubercular treatment or surgical intervention, it was done.
Patients showing healing of tuberculous lesions on evaluation
both clinical and investigations (hematologic and radiologic)
after 6 months of antitubercular treatment were the candidates
for stopping further therapy. Patients not showing healing even
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after 12 months of treatment were considered for appropriate
extended antitubercular treatment. These cases were discussed
with the chest and tuberculosis specialists from the institute.
Usually, rifampicin and isoniazid were given for the extended
period. Complete physical and neurological examinations were
done at each follow‑up. Complete blood count and ESR were
done to observe the healing response. Plain X‑ray of the part
was done at each follow‑up. MRI scans were done at 6, 12,
and 24 months.
Statistical analysis
All the radiological measurements were performed by the
first author three times at different occasions, and mean of all
the three measurements was taken for the research purpose.
At the end of the study, the data were collected and analyzed
using Student’s t‑test, Chi‑square test, and repeated measures
ANOVA.
Institutional Review Board permission
Institutional Review Board clearance was taken for the study
and it was also ethically cleared.

Results
Clinical evaluation
The mean age of the fifty subjects was 42.76 (15.74)
years (ranged: 17–70 years). There were 30/50 (60%) males
and 20/50 (40%) females. Patients were suffering from the
symptomatology (pain in the back, constitutional symptoms,
deformity, and neurological involvement either alone or

in combination) of tuberculosis with a mean duration of
8.3 (8.89) months (range: 1–36 months). Table 1 shows the
symptomatology of the patients. Backache was the most
common symptom in this series of patients. Majority of the
patients were seen and treated by the health practitioners with
nonsteroidal anti‑inflammatory drugs with a presumptive
diagnosis of other mechanical problems of the back. The
cervical spine (n = 2), dorsal spine (n = 12), thoracolumbar
junction (n = 7), lumbar spine (n = 20), and lumbosacral
junctions were affected in nine patients. Erythrocytic
sedimentation rate was raised in all the patients at the time of
presentation, with a mean value of 53.54 (19.9) mm first hour
rate (FHR). Mean ESR value normalized around 20 mm FHR
at the 12th‑month follow‑up. Graph 1 shows trends of the ESR
during 24 months of follow‑up.
Radiographic evaluation
Chest radiographs revealed associated pulmonary tuberculosis
in 16 (32%) patients. Plain radiography of the spine showed
51 lesions in fifty patients. There was paradiscal type of lesion
in 47 patients; one patient each showed anterior, central, and
posterior element involvement. Other radiological findings
are shown in Table 2.
Magnetic resonance imaging evaluation
Table 3 shows signal intensity changes, involvement of
number of vertebrae, endplates, discs, and bone marrow
edema at various stages of follow‑up. On MRI, 47 (94%)
patients showed paradiscal type of lesion. Anterior, central,
and posterior types of involvement were present in 1 (2%),

Table 1: Signs and symptoms of patients
Signs and
symptoms
Backache
Severe
Moderate
Mild
Occasional
Absent
Constitutional
symptoms
Present
Absent
Neurological
involvement
(stages of
paraplegia)
I
II
III
IV
No deficit
Deformity
Present
Absent

Months, number of patients (n=50) (%)
3rd month
6th month
9th month
12th month

Initial

1st month

2nd month

18th month

24th month

50 (100)
‑
‑
‑
‑

46 (92)
4 (8)
‑
‑
‑

28 (56)
20 (40)
2 (4)

13 (26)
28 (56)
8 (16)
‑
1 (2)

6 (12)
15 (30)
23 (46)
4 (8)
2 (4)

‑
12 (24)
26 (52)
5 (10)
7 (14)

‑
6 (12)
19 (38)
3 (6)
22 (44)

‑
‑
11 (22)
7 (14)
32 (64)

‑
‑
6 (12)
11 (22)
33 (66)

24 (48)
26 (52)

22 (44)
28 (56)

16 (32)
34 (68)

5 (10)
45 (90)

2 (4)
48 (96)

1 (2)
49 (98)

‑
50 (100)

‑
50 (100)

‑
50 (100)

‑
2
4
5
39

‑
3
3
5
39

‑
4
6
1
39

2
2
3
1
43

1
‑
3
1
45

1
2
1
‑
46

‑
3
‑
‑
47

‑
2
‑
‑
48

‑
2
‑
‑
48

25 (50)
25 (50)

25 (50)
25 (50)

28 (56)
22 (44)

31 (62)
19 (38)

31 (62)
19 (38)

31 (62)
19 (38)

32 (64)
18 (36)

32 (64)
18 (36)

32 (64)
18 (36)
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Table 2: Other radiological findings
Radiological findings
Number of vertebrae
Average vertebrae/patient
Endplates on X‑rays
Total
Erosion
Destroyed
Spared
Restored
Discs on X‑ray
Total
Narrowed
Obliterated
Spared

Initial
103
2.06

6th month
106
2.12

12th month
106
2.12

24th month
106
2.12

107
89
8
10
0

111
85
16
10
0

111
12
58
10
31

111
0
64
10
37

P<0.01*
P<0.01*
‑
P<0.01*

56
19
32
5

χ2=51
df=6
P<0.01

Wedge/collapse
Skip lesion
Posterior elements
Soft tissues
Sclerotic lesion
Endplate sclerosis
Early
Marked
Fusion (bony ankylosis)
Early
Late
Absent

23 (46)
1 (2)
11 (22)
29 (58)
‑

54
45
4
5

56
56
43
22
8
29
5
5
Number of patients (%)
25 (50)
26 (52)
1 (2)
1 (2)
12 (24)
13 (26)
24 (48)
4 (8)
‑
2 (4)

Statistical significance

26 (52)
1 (2)
13 (26)
_
2 (4)

‑
‑

‑
4 (8)

13 (26)
26 (52)

1 (2)
44 (88)

‑
‑
50 (100)

4 (8)
‑
46 (92)

18 (36)
15 (30)
17 (34)

2 (4)
36 (72)
12 (24)

Tests applied: Chi‑square test and *Repeated measures ANOVA. P≥0.05 is not significant, P<0.05 is significant. df: Degree of freedom

1 (2%), and 1 (2%) patients, respectively. Table 4 shows extent
of pre‑ and para‑vertebral collection at various stages of the
disease. Psoas abscess was seen in 9 (18%) patients initially.
Intracanalicular involvements are shown in Table 5.
Various combinations of the initial MRI features observed were
as follows: Ninety‑two percent of cases had a combination of
marrow edema and paravertebral collections. Eighty‑eight
percent of cases had a combination of marrow edema and
subligamentous spread of disease. Eighty‑two percent of cases
had a combination of marrow edema, paravertebral collections,
and endplate erosion. Eighty percent cases had a combination
of marrow edema, paravertebral collections, endplate erosion,
and subligamentous spread. Fifty‑two percent of cases had a
combination of subligamentous spread and epidural abscess.
Sixty‑six percent of cases had a combination of subligamentous
spread and extradural component (caseous/granulation tissue)
suggestive of spread anterior and posterior to vertebral body.
Sixty‑four percent of cases had a combination of marrow
edema, paravertebral collections, subligamentous spread,
extradural component, endplate erosion, and discitis.
Mean duration of antitubercular treatment given to the patients
was 13.12 (1.8) months (range: 12–18 months). All the patients
were declared healed clinicoradiologically although some
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Graph 1: Mean erythrocyte sedimentation rate values and its declining
trends during disease course

residual MRI abnormalities were observed even at 24‑month
follow‑up in few patients.

Discussion
The present study was undertaken to document various
clinicoradiologic features at presentation, during healing phase,
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Table 3: Magnetic resonance imaging findings
MRI findings
Number of vertebrae
Average number vertebrae/patient
Single vertebra involvement
Two vertebrae involvement
Three vertebrae involvement
More than three vertebrae involvement
T1‑W images
Hypointense
Hyperintense
Mixed
Isointense
T2‑W images
Hypointense
Hyperintense
Mixed
Isointense
STIR
Hypointense
Hyperintense
Isointense
Suppression
Bone marrow edema
Total vertebrae
Present
Decreased
Increased
Absent
Endplates on MRI
Total
Erosion
Destroyed
Spared
Restored
Discs on MRI
Total
Discitis
Spared
Destroyed
Preserved

Initial (%)
109
2.18
2 (4)
39 (78)
6 (12)
3 (6)

6th month (%)
119
2.38
1 (2)
35 (70)
11 (22)
3 (6)

12th month (%)
117
2.34
1 (2)
38 (76)
9 (18)
3 (6)

24th month (%)
115
2.3
1 (2)
39 (78)
8 (16)
2 (4)

Statistical significance
P=0.045

50 (100)
‑
‑
‑

44 (88)
5 (10)
1 (2)
‑

21 (41)
21 (41)
6 (12)
2 (4)

6 (12)
42 (84)
‑
2 (4)

χ2=123
df=9
P<0.001

‑
49 (98)
1 (2)
‑

‑
50 (100)
‑
‑

1 (2)
48 (96)
‑
1 (2)

‑
46 (92)
‑
4 (8)

χ2=14.8
df=9
P=0.09

‑
48 (96)
2 (4)
‑

‑
47 (94)
3 (6)
‑

‑
26 (52)
1 (2)
23 (46)

‑
12 (24)
1 (2)
37 (74)

χ2=95.5
df=6
P<0.001

107
107
‑
‑
‑

117
‑
80
33
4

115
‑
63
0
52

113
‑
0
0
113

χ2=247
df=4
P<0.001

123
105
8
10
2

135
103
18
12
2

133
26
58
12
37

129
0
68
12
49

P<0.001*
P<0.001*
P=0.4*
P<0.001*

62
53
5
4
0

68
52
6
9
1

67
13
6
29
19

65
0
6
34
25

χ2=153
df=9
P<0.001

χ2=2.68
df=9
P=0.98

Tests applied: Chi‑square test and *Repeated measures ANOVA. P≥0.05 is not significant, P<0.05 is significant. df: Degree of freedom, MRI: Magnetic resonance imaging, STIR: Short tau
inversion recovery, T1‑W: T1‑weighted, T2‑weighted

and 24 months after initial presentation and to define treatment
and investigation protocols in spinal tuberculosis. Relevant
literature was also reviewed.[3,12‑35]
Clinical evaluation
The opportunity of early diagnosis was missed in majority
of the patients as the mean duration of symptoms in the
present study was 8.3 (8.89) months (range: 1–36 months).
Backache was the most common presenting symptom in our
study. Deformity kept on increasing as the disease progressed
and 32 patients developed deformity by the 12th month and
it persisted until the end of the study. Neurological deficit
improved in 9 (18%) patients but persisted in 2 (4%) patients.

The clinical features of tuberculosis spine in the present series
were fairly similar to that described in the previous studies.[16‑18]
The frequency of neurological involvement has been found to
vary across studies from 23% to 76% of patients.[19,20]
An increased ESR is not thought to be significant in diagnosis
of tuberculosis but is considered to be a useful measure for
assessing the response to chemotherapy.[19] The data reported
in the literature suggest that laboratory inflammatory syndrome
should disappear after three months of treatment and patient
should recover their previous clinical status after 6 months of
treatment. In the present study, ESR was found to be raised
in all the patients in the initial visit, with a mean value of
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Table 4: Pre‑ and para‑vertebral collections on magnetic resonance imaging
Pre and Paravertebral collections
Extent and position of soft tissue collection
Vertebral levels
Average vertebral extent
Number of patients

Size
Increase
Decrease
Same
Absent
Calcification
Subligamentous spread, number of patients (%)
Present
Absent
Extent of subligamentous spread, number of patients (%)
Increase
Decrease
Same
Total vertebral extent of subligamentous spread (number of patients)
Average vertebral extent per patient (number of patients)

Initial

6th month

12th month

24th month

Statistical
significance

138
3
45

114
2.9
39

31
2.3
13

1
1
1

P<0.001

‑
‑
‑
5

6
32
1
11

‑
12
1
37

‑
‑
1
49

χ2=74.8
df=9
P<0.001

42 (84)
8 (16)

35 (70)
15 (30)

10 (20)
40 (80)

‑
50 (100)

χ2=97.4
df=3
P<0.001

‑
‑
‑
108
2.57

7 (14)
27 (54)
1 (2)
91
2.6

‑
9 (18)
1 (2)
25
2.5

‑
‑
‑
0
0

P<0.001*

χ2=105
df=3
P<0.001

Tests applied: Chi‑square test and *Repeated measures ANOVA. P≥0.05 is not significant, P<0.05 is significant. df: Degree of freedom

53.54. Sustained increase in mean ESR value (>20 mm/h) was
observed till 12th‑month follow‑up.
Radiographic evaluation
Spinal tuberculosis most commonly involves the thoracic spine
and the lumbar spine; involvement of the cervical region and
sacrum is less common.[16,17,21‑24] In our study also, these two
regions were predominantly involved. Most common type
of involvement seen in tuberculous spondylitis is paradiscal
type.[7] In the present study, 94% of patients had this type
of involvement [Figures 1a, 2a, and 3a]. Posterior type of
involvement was seen only in 2% of the patients. These
findings are comparable to those reported in the literature.[7,13]
Radiographic changes associated with tuberculosis spine
include rarefaction of the vertebral endplates, disc space
narrowing, anterior wedging, and bone destruction, but
these findings may not be visible on plain radiograph up
to 8 weeks.[14] Various studies report that plain radiograph
demonstrated changes consistent with spinal tuberculosis
in 84%–99% cases.[16,22] In the present study, 88% of the
patients showed radiographic changes consistent with spinal
tuberculosis. In the present study, at the initial presentation,
2.06 average numbers of vertebrae were affected and these
increased to 2.12 at subsequent follow‑up; these findings are
consistent with other studies.[14,15,25] Wedging was observed in
46% of the patients on X‑rays. Reported incidence of wedging
by various authors ranges from 15.5% to 69.3%.[13‑15] Forty‑four
cases (88%, 97/107 endplates) on the X‑rays showed endplate
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erosions/destructions at initial presentation. At 24 months, 64
endplates (57.6%) were destroyed (statistically significant,
P < 0.01) and 37 endplates (33.3%) showed healing either in
the form of sclerosis or restoration of normal contour. All the
sclerosed and healed endplates were not of completely normal
contour. Danchaivijitr et al.[13] and Jain et al.[15] reported endplate
erosion and fuzzy paradiscal margins in 43.8% and 98% of
the cases, respectively. On X‑rays, 45 discs were narrowed,
4 obliterated, and 5 spared at initial presentation. At 24 months,
a significant number of discs were obliterated (statistically
significant, P < 0.01). Jain et al. reported uniformly decreased
disc space in all the 49 patients on X‑rays.[15] Decrease in the
initial blurring/ill definition of the endplate and decrease in soft
tissues (abscesses) were the first signs of healing observed on
the plain radiographs of the affected spine in the present study.
Magnetic resonance imaging evaluation
On T1‑weighted images, all the patients (100%) showed
hypointense signal intensity [Figures 1b, 2b and 3b]. On
T2‑weighted images, 49 patients (98%) showed hyperintense
signal intensity and only one patient (2%) showed mixed
signal intensity. On short tau inversion recovery (STIR)
images, 48 patients (96%) showed hyperintensity and only
two patients (4%) showed isointense signal intensity. Similar
findings had also been reported in the literature.[14]
Paradiscal lesions are the most common pattern of spinal
tuberculosis, and this was also observed in the present
series. [12,14,15] Tuberculosis of the posterior element is
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Table 5: Intracanalicular involvement observed on magnetic resonance imaging
Intracanalicular involvement

Initial (%)

6th month (%)

12th month (%)

24th month (%)

Extradural component

33 (66)

25 (50)

6 (12)

2 (4)

Statistical
significance
χ2=60.2
df=3
P<0.001

Epidural collection
Present
Absent

26 (52)
24 (48)

18 (36)
32 (64)

4 (8)
46 (92)

‑
50 (100)

χ2=48.2
df=3
P<0.001

Extent of epidural collection
Increase
Decrease
Total vertebral extent of epidural spread
Meningeal involvement

‑
‑
77
‑

3 (6)
15 (30)
59
2 (4)

‑
4 (8)
10
1 (2)

‑
‑
‑
1 (2)

P<0.001*

Percent canal encroachment (number of patients)

14

11

6

5

Average percent canal encroachment
Nerve root involvement

19.29
3 (6)

20.45
3 (6)

22.5
2 (4)

25.6
1 (2)

Cord signal intensity

1 (2)

5 (10)

7 (14)

6 (12)

Spinal cord changes

‑

2 (4)

4 (8)

5 (10)

1 (2)

1 (2)

‑
9 (18)

‑
11 (22)

Intramedullary tuberculoma

Intradural tuberculoma
Spinal column translation and impingement

‑
1 (2)

‑
4 (8)

χ2=0.514
df=2
P=0.78
χ2=7.32
df=3
P=0.06
P<0.001*
χ2=1.28
df=3
P=0.73
χ2=4.75
df=3
P=0.19
χ2=5.68
df=3
P=0.13
χ2=2.02
df=3
P=0.57
‑
χ2=11.5
df=3
P<0.01

Tests applied: Chi‑square test and *Repeated measures ANOVA. P≥0.05 is not significant, P<0.05 is significant. df: Degree of freedom

considered rare. Associated posterior element involvement
had been reported between 8% and 68%.[14,22,23,27,28] On MR
imaging, 109 vertebrae were involved in the study population
comprising fifty patients. The average number of vertebrae
affected per patients was 2.18. Kim et al.[25] and al‑Mulhim
et al.[14] reported an average number of affected vertebrae
per patient as 2.8 and 2.3, respectively. With the advent of
newer imaging techniques that enable the early detection of
tuberculosis, the average number of affected vertebrae is on
declining trend.

Various authors have reported incidence of endplate erosions
between 25% to 100%.[4,6,13,15,27,28] Out of the total 62 discs at
initial presentation; 53 showed discitis, 5 were spared, and 4
were destroyed. The reported incidence of disc involvement
varies from 33% to 100%.[14,16,17,23,26,29]

Destruction of endplate is considered typical for disc
infection.[15,23] Out of the total 123 endplates on MRI, 105
showed erosion, 8 were destroyed, and 10 spared at initial
presentation. There was significant increase in destroyed discs
at subsequent follow‑up (statistically significant, P < 0.01).
Forty‑nine out of 117 involved endplates showed preservation
of the endplates on MRI at 24 months and 12 endplates were
spared. Jain et al. reported that out of total 220 endplates, 192
showed erosions, 26 were destroyed, and two were spared.[15]

Paravertebral abscesses were present in 90% of the cases with
total spread of 138 vertebral levels. Average vertebral extent
of soft tissue collection was three vertebrae. Enhancement was
seen in all the cases in whom gadolinium was administered,
but we were not able to demonstrate any calcification in
these abscesses on MRI [Figure 3d]. Reported incidence of
paravertebral abscess is between 58% and 100%.[12,14,16,29,30]
In the present study, subligamentous spread was seen in
42 (84%) of the patients with total spread over 108 vertebral

Edema on vertebral bodies was observed on initial MRI in
all the patients. In the literature also, it has been reported that
almost 100% patients with spinal tuberculosis have marrow
edema.[12,13,23,25‑27]

Annals of Medical and Health Sciences Research | Volume 6 | Issue 5 | September-October 2016 |

317

[Downloaded free from http://www.amhsr.org]
Singh, et al.: Clinicoradiologic profile of tuberculosis of the spine

a

c

b

e

d

g

f

h

Figure 1 (A): Radiological and magnetic resonance imaging pictures of a 27‑year‑old male with tubercular spondylitis D10–12 with neurological
deficit. Patient treated with anterolateral decompression and antituberculous treatment and he had partial recovery. (a‑d): Plain X‑rays at
presentation, 6 months, 12 months, and 24 months. (a) Initial X‑rays both anteroposterior and lateral show paradiscal lesion D10–D12 with
endplate destruction, vertebral body destruction and soft tissue shadows. Lesions showed healing with reduction in soft tissue shadows (b) with
endplate sclerosis and fusion (c and d). (e‑h) Short tau inversion recovery images of magnetic resonance imaging. (e) Initial short tau inversion
recovery images show hyperintense signal intensity which decreased with time (f‑h)
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Figure 1 (B): T1‑weighted images (sagittal and axial) of the same patient. (a‑d) Sagittal sections at presentation, 6 months, 12 months, and
24 months. (a) Initial sagittal sections show paradiscal lesion with endplate erosions, intraosseous caseation, marrow edema, epidural collection
compressing spinal cord. Signal intensity change with decrease in findings of the initial magnetic resonance imaging is seen in subsequent
magnetic resonance imaging sections. (e‑h) Axial sections at presentation, 6 months, 12 months, and 24 months. (e) Initial axial sections show
paravertebral collection, intraosseous caseation with epidural collection. All these resolved subsequently (f‑h)
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Figure 1 (C): T2‑weighted images (sagittal and axial) of the same patient. (a‑d) Sagittal sections at presentation, 6 months, 12 months, and
24 months. (a) Initial sagittal sections show paradiscal lesion with endplate erosions, intraosseous caseation, marrow edema, epidural collection
compressing spinal cord. All these features subsequently decreased (b‑d) decrease in findings of the initial magnetic resonance imaging is seen in
subsequent magnetic resonance imaging sections. Twenty‑four months magnetic resonance imaging sections show cord signal intensity change
and cord changes (d). (e) Initial axial sections show paravertebral collection, psoas abscess. All these resolved subsequently (f-h)
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Figure 2 (A): Plain X‑rays and magnetic resonance imaging pictures of a 40‑year‑old male with tubercular spondylitis D7–8 with neurological
deficit. Patient treated with anterolateral decompression and antituberculous treatment. Patient had full neurological recovery. (a‑d): Plain X‑rays
at presentation, 6 months, 12 months, and 24 months. (a) Initial X‑rays both anteroposterior and lateral show paradiscal lesion D7–D8 with
endplate destruction, vertebral body destruction and soft tissue shadows. Lesions healed with endplate sclerosis, fusion, and kyphosis (b‑d).
(b, e‑h) Short tau inversion recovery images of magnetic resonance imaging. (e) Initial short tau inversion recovery images show hyperintense
signal intensity which decreased with time (f‑g)
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Figure 2 (B): T1‑weighted images (sagittal and axial) of the same patient. (a‑d) Sagittal sections at presentation, 6 months, 12 months, and
24 months. (a) Initial sagittal sections show hypointense signal intensity with paradiscal lesion, endplate erosions, intraosseous caseation, marrow
edema, epidural collection compressing the spinal cord. All these features resolved on subsequent magnetic resonance imaging sections. (e‑h) Axial
sections at presentation, 6 months, 12 months, and 24 months. (e) Initial axial sections show paravertebral collection, intraosseous caseation
with epidural collection. All these resolved subsequently (f‑h)
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Figure 2 (C): T2‑weighted images (sagittal and axial) of the same patient. (a‑d) Sagittal sections at presentation, 6 months, 12 months, and
24 months. (a) Initial sagittal sections show paradiscal lesion with endplate erosions, intraosseous caseation, marrow edema, epidural collection
compressing spinal cord. All these features resolved subsequently. Disc is preserved although narrowed (b‑d). (e) Axial sections at 6 months
show septate paravertebral collection and intraosseous caseation. All these resolved subsequently (f‑g)
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Figure 3 (A): Plain X‑rays and magnetic resonance imaging pictures of 20‑year‑old male with tubercular spondylitis L2–L3. Patient treated
conservatively. Patient had associated polycystic kidney disease.(a‑d): Plain X‑rays at presentation, 6 months, 12 months, and 24 months.
(a) Initial X‑rays both anteroposterior and lateral show paradiscal lesion L2–L3 with endplate destruction, vertebral body destruction and narrow
disc space. Endplate sclerosis occurred and lesion healed with narrow disc space (b‑d). (e‑h) short tau inversion recovery images of magnetic
resonance imaging. (e) Initial short tau inversion recovery images show hyperintense signal intensity which subsequently decreased (f‑g) to
become isointense at 24 months (h)

levels. Average vertebral extent of subligamentous spread per
patient was 2.57. The reported incidence of subligamentous
spread in various studies is between 58% and 93%.[23,26,29,30]
Various studies have reported incidence of epidural abscess
between 53.3% and 85.7%. [14‑16,27] Epidural collections
in the present study were observed in 26 (52%) patients
with total vertical extent of 77 vertebral bodies. Following
intracanalicular findings were observed: extradural component
(caseous/granulation tissue) in 33 (66%), canal encroachment
in 14 (28%), nerve root involvement in 3 (6%), and cord
signal intensity change in 1 (2%) case. Le Page et al. reported
spinal cord compression in 64% and radicular compression
in 36% of the cases.[16] Extradural component was present
in 33 patients (66%), but only 11 patients (22%) developed
neurological deficit in the present study. This is because not all
cord compressions lead to neurological deficit. Compression
of 60% or more above the level of conus medullaris resulted
in neurological deficit, while compression below the conus
level resulted in no neurological sign.[23] Cormican et al.
reported MR evidence of spinal cord compression, of cauda
equina compression, and of radicular disease in 13 (65%),
2 (10%), and 2 (10%) patients, respectively.[17] Andronikou
et al. reported that cord was abutted on in 85% and compressed
in 79% of their patients by soft tissue mass projecting into the
spinal canal. In 67% of patients with axial imaging, the thecal
sac was completely obliterated.[12] Focal myelopathy presenting

as an increased signal of the cord on T2‑weighted‑images
had been noted in adults and was thought to indicate a poor
prognosis.[23] Similar observations were also made in the
present study [Figures 1A‑C].
Various classical features of the tuberculosis of the spine
in combination on MRI can be used with confidence to
diagnose it. Ninety‑two percent cases had a combination of
marrow edema and paravertebral collections. Eighty‑eight
percent cases had a combination of marrow edema and
subligamentous spread of disease. Eighty‑two percent cases
had a combination of marrow edema, paravertebral collections,
and endplate erosion. Eighty percent cases had a combination
of marrow edema, paravertebral collections, endplate erosion,
and subligamentous spread. Fifty‑two percent cases had a
combination of subligamentous spread and epidural abscess.
Sixty‑six percent cases had a combination of subligamentous
spread and extradural component (caseous/granulation tissue),
suggestive of spread anterior and posterior to vertebral body.
Sixty‑four percent cases had a combination of marrow edema,
paravertebral collections, subligamentous spread, extradural
component, endplate erosion, and discitis. A combination of
marrow edema, paravertebral collections, endplate erosion,
and subligamentous spread on MRI present in majority of the
cases (88% of cases) is the classical feature of tuberculosis
spine. Only one recent study in 2012 by Jain et al. reported
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Figure 3 (B): T1‑weighted images (sagittal and axial) of the same patient. (a‑d) Sagittal sections at presentation, 6 months, 12 months, and
24 months. (a) Initial sagittal sections show hypointense signal intensity with paradiscal lesion, discitis, endplate erosions, intraosseous caseation,
and marrow edema. Six‑month magnetic resonance imaging sections show increase in number of vertebrae involvement and increased
edema (b). Healing occurred with increase in signal intensity on T1‑weighted images (e‑h) axial sections at presentation, 6 months, 12 months,
and 24 months. (e) Initial axial sections show paravertebral collection, intraosseous caseation with mild epidural collection. All these resolved
subsequently (f‑h)

all cases (100%) had a combination of marrow edema and
paravertebral collections; 92% had marrow edema and
subligamentous spread; 98% marrow edema, paravertebral
collections, and endplate erosion; and 91.8% had marrow
edema, paravertebral collections, endplate erosion, and
subligamentous spread. A total of 83% had subligamentous
spread and epidural components and 83% had marrow edema,
paravertebral collections, subligamentous spread, extradural
component, endplate erosion, and discitis.[15]
Magnetic resonance imaging features during and
after healing
Reversal of signal intensity changes was observed in follow‑up
magnetic resonance (MR) examination. There was statistically
significant increase in the hyperintense signal intensity on
T1‑weighted images (P < 0.01). Forty‑six percent patients
at 12 months and 74% at 24 months showed suppression of
signal intensity on STIR images [Figures 1A, 2A, and 3A].
Increased signal intensity on T1‑weighted images from
previously affected vertebrae indicates healing and has been
found to correlate well with clinical signs and symptoms.[3]
Figures 1B, 2B, and 3B show signal change in T1‑weighted
images consistent with healing. Sharif et al. reported reversal of
signal intensity on T1‑weighted images of previously infected
vertebrae in 12 of 25 patients who underwent follow‑up
examination 1–12 months after the initial examination.[3]
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They also reported a gradual decrease in signal intensity of
the affected spinal region on T2‑weighted images in all the
patients. They reported that the longer the follow‑up, the less
abnormal is the signal intensity.[3] Similar observation was also
made in the present study [Figures 1C, 2C, and 3C].
Bone marrow edema decreased with passage of time. At 1 year
MR images, it was decreased in 50% and absent in other 50%
of the cases (statistically significant, P < 0.001). Le Page et al.
reported conversion of initial edematous of the vertebral body
gradually to fatty signals in 40% cases at 6 months and 75%
at 12 months.[16] This change (increase in T1‑weighted signal
intensity) is a sign of cure.[32,33] Sharif et al. reported conversion
to a fatty signal in 48% of cases at 1 year.[32]
There was significant increase in the vertebral involvement
in the first 6 months (P = 0.01) although incidence of disc
involvement remained fairly constant. Paravertebral abscesses
showed statistically significant steady decline in incidence and
size (P < 0.01). Decrease in the size of paravertebral abscesses
was the first sign of healing observed on MRI in the present
study. However, 13 (26%) and 1 (2%) of the patients showed
small paravertebral abscesses at the end of 12 and 24 months,
respectively. Similar observations were also made in regard
to subligamentous spread and epidural abscesses. Only
10 (20%) and 4 (8%) patients showed subligamentous spread
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Figure 3 (C): T2‑weighted images (sagittal and axial) of the same patient. (a‑d) Sagittal sections at presentation, 6 months, 12 months, and
24 months. (a) Initial sagittal sections show paradiscal lesion with hyperintense signal intensity, endplate erosions, intraosseous caseation,
marrow edema, mild epidural collection. (b) Six‑month magnetic resonance imaging sections show increase in number of vertebrae involvement
and increased edema. Healing observed on the subsequent magnetic resonance imaging scans with disc space narrowing (b‑d). (e) Initial axial
sections show septate paravertebral collection and intraosseous caseation. Paravertebral collections and intraosseous caseation increased during
first 6 months (f). Healing was observed with resolution of caseation and paravertebral collections (g‑h)
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Figure 3 (D): Contrast enhanced T1‑weighted images (sagittal and axial) of the same patient. Contrast enhancement is seen in initial and 6 months
scans both sagittal and axial magnetic resonance imaging scans (a, b, e, f). It is absent at 12 months and 24 months (c, d, g, h)
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Decision-making algorithm
Suspect T.B of Spine

Clinical
Examination

Backache
Local tenderness
Cold abscess/
sinuses
Deformity
–Kyphosis
–Scoliosis
Neurological
deficit

Hematological
Examination

Complete blood
count:
–Lymphocytosis
–Anemia
ESR-increased

Radiological
Examination

Plain X-ray spine:
Anteroposterior and
Lateral views:
–Soft tissue shadows
–End plate involvement
–Narrow disc space
–Wedge/collapse

Patient with spinal T.B. and no neurological deficit
Start ATT
+
Bed rest
+
NSAIDS for 2–3 months
+
Braces

MRI

FNAC/ Biopsy

–Hypointensity on T1-WI,
Hyperintensity on T2-W
and STIR images
–Bone marrow edema
–End plate erosion
–Discitis
–Pre/paravertebral
collection
–Epidural collection
–Canal encroachment

–Epithelioid
granuloma
–Staining for AFB
–Culture

Patient with spinal T.B. and neurological deficit
Start ATT and observe for 3–6 weeks
+
Bed Rest

Progressive neurological recovery

No recovery

Gradual Rehabilitation
Surgical decompression

and epidural abscesses, respectively, at 12 months. None of
the patients had these involvements at the 24‑month follow‑up
MR images. Studies in the literature had also reported similar
changes during 1st year of disease activity with varying
incidence.[3,12,15‑17]
Healing of spondylitis is associated with longstanding signal
alterations on MR imaging even if there is no clinical evidence
of persistent infection. The earliest sign of healing is a
reduction of the thickness of the inflammatory tissue mass.[15,32]
Decrease in bone marrow edema and soft‑tissue mass was the
earliest sign of healing observed on the MRI in the present
study. It was also observed that the marrow edema increased
in 20% of the patients and average vertebral involvement per
person increased to 2.38 during first 6 months of the disease.
It has been reported that during healing phase, imaging
evidence of bone destruction can progress up to 14 months,
and recovery of vertebral height may not be seen earlier
than 15 months after starting treatment. Thus, progression
of bone destruction while on therapy should not necessarily
be considered a sign of treatment failure if there is a clinical
324

improvement. In longstanding compression, some permanent
changes in the cord may be responsible for nonrecovery or
poor recovery.[31] This was also observed in one case in the
present study [Figure 1A‑C].
In the present study, treatment lasted for a mean duration of
13.1 months (range 12–18 months). Medical Research Council
(MRC) advocates short‑course chemotherapy (6 months)
for uncomplicated spinal tuberculosis.[34] In the study by
Cormican et al., mean duration of treatment was 13 months
(range: 9–24 months).[17] The total duration of treatment and
number of drugs required are still controversial.[35] A critical
analysis of the literature shows that proof is still lacking the
equivalence between 6 and 9 months and 12 months of the
treatment.[35]
We agree with Cormican et al. that there is no guidance on soft
tissue or vertebral changes noted on MR spine examination,
during, or after antitubercular therapy.[17] These days more
emphasis is on short‑course chemotherapy (6 months) for adult
uncomplicated fully sensitive tuberculosis.[17,18] Moreover,
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Follow-up algorithm for patients with spinal tuberculosis
Clinico-radiological features of healing in spinal T.B.

Clinical evaluation

↓Pain
Improvement in
constitutional
symptoms
Weight gain
Resolution of
cold
abscesses
Healing of
sinuses
Neurological
recovery

Hematological evaluation

↓ESR
Improvement in
Hemoglobin
↓Lymphocytosis
Normalization
of lymphocyte
monocyte ratio

Radiological evaluation

MRI evaluation

↓Soft tissue shadows
↓Bone destruction
Remineralization and
reappearance of bony
trabeculae
Sharpening of articular
and cortical margins
Bone sclerosis
Fusion of adjacent
vertebrae

↓Bone Marrow edema
↓in soft tissue collections
↓Subligamentous spread
↓Epidural collection
Fatty replacement of
marrow seen as
hyperintensity on T1
and T2weighted images

Follow-up evaluation of patients

First 3 months

Clinicoradiological
signs of healing

Continue ATT,
braces and
rehabilitation

6 months

No
clinicoradiological
signs of healing

suspect
MDR/therapeutic
refractory/diagnosis
error

9 months

Clinicoradiological
signs of healing,
but not complete
resolution of
spinal T.B

Continue ATT,
braces and
rehabilitation

12 months

Complete
clinicoradiolgic
healing of spinal
T.B.

18 months

24 months

Watch for
recurrence, Spinal
cord changes,
internal gibbus,
and Spinal column
translation and
impingement

Stop ATT
(small amount
of MRI
abnormalities
are
inconsequential)

Biopsy/FNAC/culture
and sensitivity/review
decision

similar to the study by Cormican et al.,[17] we are also of the
opinion that in significant proportion of the patients, longer
duration of treatment may be required as their MR scans and
markers of the inflammation were abnormal even though there
was apparent disease resolution clinically.
There is no guidance on appropriate imaging modality and
frequency of use in the follow‑up of spinal tuberculosis.
Although the MRC trials have shown persistent
changes on plain radiological appearances of vertebral
column up to 3 years after completion of treatment,
these changes were attributed to new bone formation and
ankylosis.[18] In the present study also, plain film radiology
has shown its utility in diagnosis, treatment, and subsequent
follow‑ups.
Strengths and limitations of the study
The present study had a limitation that a relatively small
number of patients were enrolled. However, the strength of the

study is the regular follow‑up for a longer period of 2 years to
observe the clinicoradiologic features in these patients.
Future research directions
Multicentric studies with more number of patients should be
conducted to further validate the findings of the present study.

Conclusions
Salient features of spinal involvement in tuberculosis on
plain radiograph are paradiscal involvement, endplate
destruction, and soft tissue masses. Earliest sign of healing
on plain radiography is decrease in fuzziness of endplate,
ultimately leading to either sclerosis of endplate or fusion of
adjacent vertebrae. MRI serves as an important diagnostic
tool in early diagnosis of the disease, to see the response
to the chemotherapy and to decide the need for the surgery
and approach to be used. Decrease in inflammatory soft
tissue masses and reduction in vertebral body marrow
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edema are the earliest feature of healing observed on
MR examination. Increase or decrease in marrow edema,
paravertebral collections, subligamentous spread, extradural
component, endplate erosion, and discitis are the prognostic
indicators of response to the chemotherapy. Short‑course
chemotherapy (6 months) may not be effective in completely
curing spinal tuberculosis as evidenced by the clinical,
laboratory, plain radiography, and MRI parameters
evaluated in the present study. In the light of the findings of
the present study, we propose decision‑making algorithm,
follow‑up algorithm, and MR examination protocol
(at presentation and at 6, 12, and 24 months) for spinal
tuberculosis. These will help in diagnosis, monitoring the
response to chemotherapy and disease course, and detecting
any early recurrence.
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