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Introduction: Based on clinical parameters alone, it is 
difficult to differentiate between tubercular (TB) and 
pyogenic spondylodiscitis. Therefore, this study aimed 
to identify imaging features that can help to differenti-
ate these two entities. 
Methodology: This retrospective observational study 
included microbiologically confirmed cases of TB and 
pyogenic spondylitis over three years. Magnetic reso-
nance imaging of included cases was reviewed for a 
predefined set of imaging findings. A multivariable 
logistic regression analysis was done to compare the 
radiological features of both groups. A scoring system 
was created using the features that were significant in 
univariate and multivariable analysis. 
Results: Of the 90 included cases, 44 were TB and 46 
were pyogenic. Involvement of the thoracic vertebra, 

paravertebral abscess, epidural abscess, posterior el-
ement involvement, loss of height, spine deformity, 
nerve compression, destruction of the disc and larger 
abscess size were more common in patients with TB. 
Involvement of the thoracic spine, posterior element 
involvement and spine deformity were independent 
predictors of diagnosing TB spine. At a score of 7 (out 
of 11) or above, the scoring system had a sensitivity 
and specificity of 86% and 94%, respectively, in diag-
nosing the TB spine. 
Conclusion: In the presence of relevant clinical findings, 
specific MRI findings can help to differentiate TB from 
pyogenic spondylitis. 
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SUMMARY

n INTRODUCTION

Infectious causes of spine involvement include 
tuberculosis and other bacterial infections such 

as Brucella spp, Staphylococcus spp., Streptococcus 
spp. and Enterobacteriaceae [1]. It is essential to 

make a microbiological diagnosis as treating tu-
bercular (TB) vs pyogenic causes are starkly differ-
ent [1]. Since a definitive diagnosis with a biopsy 
of the affected spine is often not possible, espe-
cially in resource-constrained settings, there is a 
heavy reliance on clinical presentation and radio-
logical findings to make a provisional diagnosis 
[2]. However, this is challenging as all infections 
significantly overlap in their radiological features. 
As a result, the final impression of a radiologist’s 
report in these cases is often subjective. Amongst 
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the various radiological imaging modalities, Mag-
netic resonance imaging (MRI) is considered the 
gold standard imaging technique in these cases 
[3]. Therefore, this study aimed to identify objec-
tive MRI features that can help to differentiate tu-
bercular from pyogenic spine involvement. 

n PATIENTS AND METHODS

This is a retrospective study in which all patients 
admitted between 2018 and 2021 to the Infectious 
diseases or Orthopaedics department of Kasturba 
Hospital, Manipal, were screened for evidence of 
infectious spondylodiscitis. Those patients with a 
microbiologically confirmed diagnosis and an 
MRI image taken at the time of diagnosis were in-
cluded in the study. Post-traumatic or post-opera-
tive spine infections were excluded from the study. 
All cases of infectious spondylitis were grouped as 
tubercular or pyogenic spondylitis. A case of infec-
tious spondylitis was deemed as tubercular if the 
biopsy of the affected vertebra was positive by 
mycobacterial culture or cartridge-based nucleic 
acid assay (GeneXpert). A case was deemed as 
pyogenic infection if the biopsy of the affected site 
or blood culture were positive for a known patho-
genic bacteria. 
The anonymised MRI images of the included pa-
tients were reviewed by experienced radiologists, 
and a predefined set of objective MRI findings 
were recorded for each case. The total number of 
vertebrae was counted for each patient. The pres-
ence of paravertebral soft tissue enhancement and 
the paravertebral abscess was noted separately. 
The largest dimension of the largest abscess in any 
plane in centimetres was noted. The presence of 
epidural abscess or spine deformity (kyphosis or 
scoliosis) was noted. Involvement of posterior ele-
ments (pedicle or spinous process) or disc was al-
so noted. More than a 25% decrease in the height 
of the vertebral body was considered a significant 
loss of height. Compression of the nerve root or 
spinal cord was also noted. Significant destruction 
of the disc was defined when more than 50% of 
destruction was present. Lower lumbar vertebrae 
involvement was defined as involvement of L3-L5 
vertebrae with or without sacral involvement. 
Those cases where L3-L5 involvement was accom-
panied by simultaneous involvement of L1, L2, 
thoracic or cervical vertebrae were not considered 
as lower lumbar involvement.

Data analysis
Qualitative variables were summarised as fre-
quency and percentage, while quantitative vari-
ables were summarised as mean + standard de-
viation or median (Interquartile range). A uni-
variate analysis was done to compare radiologi-
cal features of TB vs pyogenic causes of spine 
infection. 
The Chi-square test was used for qualitative vari-
ables, while the Mann-Whitney U test was used 
for quantitative variables. Those factors that were 
significant in univariate analysis were analysed 
using multivariable logistic regression analysis to 
find independent predictors for making a diag-
nosis of TB spine. Based on the variables that 
were significant in univariate and multivariable 
analysis, a scoring system was generated. A Re-
ceiver Operating Characteristic (ROC) curve was 
plotted to calculate the cut-off for the scoring sys-
tem. The sensitivity and specificity of the selected 
cut-off were calculated. The Area under the curve 
(AUC) for the ROC curve was also calculated 
along with the 95% Confidence Interval (CI). A 
p-value of less than 0.05 was considered signifi-
cant. 

n RESULTS

A total of 90 microbiologically proven cases of 
spondylodiscitis where an MRI was done were 
included in this study. Tubercular spondylitis 
was diagnosed in 44 patients, while pyogenic 
spondylitis was diagnosed in 46 patients. Pyo-
genic infections included brucellosis (n=22), 
Staphylococcus aureus (n=12), Enterobacteriaceae 
(n=9), Streptococcus spp. (n=2), and Burkholderia 
pseudomallei (n=1). The features of infectious 
spine involvement in patients with tuberculosis, 
brucellosis and other pyogenic infections have 
been compiled in Table 1. Involvement of the tho-
racic vertebra, paravertebral soft tissue involve-
ment, paravertebral abscess, epidural abscess, 
posterior element involvement, loss of height, 
spine deformity, nerve compression, destruction 
of the disc and larger abscess size were more 
common in patients with TB (Figures 1-6) (Table 
1). On multivariable analysis, thoracic vertebra 
involvement, posterior element involvement and 
deformity of the spine were found to be indepen-
dent predictors of making a diagnosis of tubercu-
lar spondylitis (Table 2). 



64 N. Gupta, R. Kadavigere, S. Malla, et al.Figure 1: Contrast-enhanced MRI images of a patient diagnosed with tuberculosis. (A) T2W axial images 
show bilateral paravertebral abscesses with well-defined walls and central liquefaction (black asterisk). 
(B) T1W post-contrast-enhanced axial images show peripherally enhancing abscesses (white asterisk) 
with paravertebral soft tissue involvement.  

 

Figure 2: Contrast-enhanced MRI images of a patient with tuberculosis. (A) T1W post-contrast-enhanced 
sagittal images show spondylodiscitis at L1-L2 1 level with a reduction in the vertebral >25% decrease in 
vertebral body height of L2 vertebra compared to L3. (B) T2 STIR sagittal images showing multifocal 
spondylodiscitis in the dorso-lumbar spine with paravertebral soft tissue inflammation. 

 

Figure 1 - Contrast-enhanced 
MRI images of a patient diag-
nosed with tuberculosis. (A) 
T2W axial images show bilateral 
paravertebral abscesses with 
well-defined walls and central 
liquefaction (black asterisk). (B) 
T1W post-contrast-enhanced 
axial images show peripheral-
ly enhancing abscesses (white 
asterisk) with paravertebral soft 
tissue involvement. 

Figure 2 - Contrast-enhanced 
MRI images of a patient with 
tuberculosis. (A) T1W post-con-
trast-enhanced sagittal imag-
es show spondylodiscitis at 
L1-L2 1 level with a reduction 
in the vertebral >25% decrease 
in vertebral body height of L2 
vertebra compared to L3. (B) 
T2 STIR sagittal images show-
ing multifocal spondylodisci-
tis in the dorso-lumbar spine 
with paravertebral soft tissue 
inflammation.

Figure 3 - Contrast-enhanced 
MRI images of a patient with 
tuberculosis. (A) T2 W axial im-
ages show epidural abscesses 
(white arrows) causing nar-
rowing of bilateral neural fo-
ramina with associated nerve 
root compression. (B) T1W 
post-contrast-enhanced ax-
ial images show peripherally 
enhancing epidural abscesses 
(white arrow) with paraverte-
bral soft tissue involvement. 

Figure 1: Contrast-enhanced MRI images of a patient diagnosed with tuberculosis. (A) T2W axial images 
show bilateral paravertebral abscesses with well-defined walls and central liquefaction (black asterisk). 
(B) T1W post-contrast-enhanced axial images show peripherally enhancing abscesses (white asterisk) 
with paravertebral soft tissue involvement.  

 

Figure 2: Contrast-enhanced MRI images of a patient with tuberculosis. (A) T1W post-contrast-enhanced 
sagittal images show spondylodiscitis at L1-L2 1 level with a reduction in the vertebral >25% decrease in 
vertebral body height of L2 vertebra compared to L3. (B) T2 STIR sagittal images showing multifocal 
spondylodiscitis in the dorso-lumbar spine with paravertebral soft tissue inflammation. 
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A scoring system was developed in which two 
points each were assigned for thoracic spine in-
volvement, posterior element involvement and 
spine deformity. One point each was assigned for 
paravertebral soft tissue involvement, epidural 
abscess, >25% loss of vertebral body height, 
nerve compression and >50% disc destruction 
(Table 3). Of a maximum of 11 points, a score of 7 
or above had a sensitivity and specificity of 86% 
and 94%, respectively. The ROC curve had an 
AUC of 0.92 (95% CI: 0.86-0.99) and a p-value of 
<0.001 (Figure 7). 

n DISCUSSION

TB spine accounts for 60% of all musculoskeletal 
TB cases [4]. In a previous study, we identified that 
a longer duration of illness was significantly more 
common in patients with TB spine, while male 
gender, the presence of diabetes mellitus, leucocy-
tosis, and increased C-reactive protein were more 
common in pyogenic spondylitis [2]. It must be 

Figure 5 - Contrast-enhanced 
MRI images of a patient with 
tuberculosis. (A) T1W post-con-
trast-enhanced axial images 
show enhancement in the 
pedicles and transverse pro-
cesses (posterior elements) 
apart from the body. (B) T2 W 
axial images showing marrow 
oedema and inflammation in 
pedicles and the transverse 
processes.

Figure 4 - Contrast-enhanced MRI sagittal images of a 
patient with tubercular spondylodiscitis with the de-
struction of the intervertebral disc (>50%) at the lower 
dorsal level.

Figure 6 - T2 weight and post-contrast T1 weighted 
sagittal images of a patient with tuberculosis showing 
a large paravertebral abscess with a subligamentous 
spread up to the sacral spine (black asterisk). The ky-
photic deformity is noted at the L2-L3 level (white ar-
rows) with multifocal areas of spondylodiscitis. 
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Table 1 - Comparison of radiological features of spine involvement due to brucellosis, pyogenic infection and 
tuberculosis.

Radiological features Brucella (n=22) Pyogenic infection (n=24) Tuberculosis (n=44) p-value

Cervical vertebra involvement 3 (13.6%) 3 (12.5%) 5 (11.4%) 0.964

Thoracic vertebra involvement 4 (18.2%) 6 (25%) 30 (68.2%) <0.001

Lumbar vertebra involvement 20 (90.9%) 20 (83.3%) 24 (54.5%) 0.003

Sacral vertebra involvement 7 (31.8%) 5 (20.8%) 7 (15.9%) 0.328

Sacroiliac joint involvement 2 (9.1%) 2 (8.3%) 5 (11.4%) 0.912

Paravertebral soft-tissue involvement 9 (40.9%) 9 (37.5%) 38 (86.4%) <0.001

Paravertebral abscess 9 (40.9%) 9 (37.5%) 38 (86.4%) <0.001

Epidural abscess 9 (40.9%) 18 (75%) 36 (81.8%) 0.002

Endplate involvement 21 (95.5%) 22 (91.7%) 42 (95.5%) 0.786

Posterior elements involvement 13 (59.1%) 12 (50%) 40 (90.9%) <0.001

Discitis 19 (86.4%) 20 (83.3%) 43 (97.7%) 0.091

Deformity 1 (4.5%) 0 20 (45.5%) <0.001

Loss of height 7 (31.8%) 13 (54.2%) 31 (70.5%) 0.011

Nerve compression 14 (63.6%) 18 (75%) 41 (93.2%) 0.010

Spinal cord compression 12 (54.5%) 19 (79.2%) 35 (79.5%) 0.072

Body destruction 0 0 10 (22.7%) 0.003

Endplate destruction 0 0 4 (9.1%) 0.112

Disc destruction 0 3 (12.5%) 19 (43.2%) <0.001

Abscess size 0 (0-3.2) 0 (0-3) 4.5 (3.6-8) <0.001

Number of vertebrae 2.5 (2-3) 2 (2-3) 3 (2-4.75) 0.109

Table 2 - Binary logistic regression analysis to predict the diagnosis of tubercular vs pyogenic (including Brucella) 
spondylitis in patients with infectious spine involvement.

Radiological features Odds ratio Adjusted Odds ratio p-value

Thoracic vertebra involvement 7.7 (2.9-19.8) 12.3 (1.4-107) 0.023

Lower lumbar vertebra involvement 0.09 (0.02-0.27) 0.22 (0.02-1.8) 0.154

Paravertebral abscess 9.8 (3.5-28) 0.61 (0.02-15.3) 0.762

Epidural abscess 3.2 (1.2-8.3) 0.05 (0.002-1.04) 0.053

Posterior elements involvement 8.4 (2.6-27.3) 32.6 (2.2-47.6) 0.011

Disc involvement 7.7 (0.9-65.6) 3.9 (0.03-473) 0.579

Disc destruction (>50%) 10.9 (2.9-40.5) 9.3 (0.82-104) 0.071

Deformity 37.5 (4.7-296.7) 117.8 (2.1-6558) 0.02

Loss of height (>25%) 3.1 (1.3-7.4) 0.577 (0.08-4) 0.576

Nerve compression 6 (1.6-22.6) 14.6 (1.8-271) 0.072

Abscess size 0.65 (0.54-0.79) 0.6 (0.3-1.2) 0.132

Number of vertebrae 0.77 (0.59-1.02) 1.3 (0.7-2.2) 0.378
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genic infection in this study [7, 8]. In fact, thoracic 
involvement was found to be an independent pre-
dictor in making a diagnosis of TB spondylodisci-
tis. Three distinct patterns of TB spine have been 
described, with paradiscal involvement being the 
most classical pattern [4]. Since the intervertebral 
disc is avascular and paradiscal arteries supply 
the endplates on either side of the disc, paradiscal 
involvement is the commonest site [3]. In those 
with central vertebral involvement, only a single 
vertebra can be involved. In such a case, the disc 
may be preserved [9]. In those with anterior verte-
brae involvement, contiguous vertebrae involve-
ment due to subligamentous spread has been clas-
sically described [9]. 
Like some previous studies, more vertebral levels 
were involved in TB compared to pyogenic [7]. 
The median number of vertebral involvement was 
3 in patients with TB spine in our study. In a study 
by Jain et al., the mean number of vertebral in-
volvement in the TB spine was 3.2. Primary in-
volvement of the disc was believed to be uncom-
mon with TB due to a lack of proteolytic enzymes 
[6, 10]. However, with the increasing use of MRI, it 
has been noticed that subtle disc involvement may 
have been missed on X-rays in some cases [11]. 
Also, disc destruction may be more evident in 
those who present late [11]. The median duration 
of illness in patients who presented with TB spon-
dylodiscitis in a previous study of ours was 105 
days [2]. Disc involvement is reported to be pres-
ent in 25-72% of the patients [6]. It should be noted 
here that most studies do not differentiate between 
disc involvement due to a decrease in interverte-
bral space and disc destruction. In our study, disc 
destruction was seen in 43% of TB patients, and 
this was significantly higher than in those with 
pyogenic spondylodiscitis.
Paravertebral soft tissue involvement and forma-
tion of abscesses are more common in those with 
TB in our study. These abscesses are seen in 55-
96% of TB spine cases [6]. In our study, paraverte-
bral soft tissue involvement was seen in 97% of the 
cases. Similar to other studies, the size of the para-
vertebral abscess was also significantly larger in 
those with TB [5, 7]. Paraspinal abscess tracks 
through the iliopsoas compartment and can reach 
the retroperitoneum, pelvis or thigh [9]. In previ-
ous studies, it has been shown that there is no re-
lationship between the abscess size and the sever-
ity of spondylodiscitis [9].

noted here that the clinical findings in isolation are 
only suggestive. In the absence of a confirmed mi-
crobiological diagnosis, radiological findings sup-
plemented by clinical history can further help in 
narrowing the list of differentials [5]. The present 
study was focused on devising an objective set of 
parameters that can help differentiate TB and pyo-
genic causes of spine infection. 
Classically, TB is known to affect the thoracolum-
bar junction [6]. Similar to previous studies, tho-
racic involvement was more common in TB, while 
lumbar involvement was more common in pyo-

Table 3 - MRI Scoring system to differentiate tubercu-
losis from pyogenic infections.

MRI findings Points assigned

Thoracic spine involvement 2

Posterior element involvement 2

Spine deformity 2

Paravertebral soft tissue involvement 1

Epidural abscess 1

>25% loss of vertebral body height 1

Nerve compression 1

>50% disc destruction 1

Figure 7 - Receiver operating characteristic curve for 
the scoring system to diagnose tubercular spondylitis.
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The epidural abscess was also significantly more 
common in TB spine patients [5, 7]. In a study by 
Jain et al., nerve compression was seen in 61% of 
TB spine cases [12]. In another study, spinal cord 
compression was seen in 50% of TB cases [6]. 
Compared to these studies, nerve compression 
(93%) and spinal cord (80%) compression was 
seen in a relatively higher number of cases with TB 
spine in our study. This might be reflective of the 
late presentation of our cases. Vertebral loss of 
height was more common in TB patients in our 
study. In a study by Kanna et al., vertebral collapse 
was found to be a strong predictor of TB spine 
[13]. Vertebral loss of height and, consequently, 
spine deformity are generally seen in the later 
stages of TB [5, 6]. Since anterior vertebrae are 
more commonly involved, the collapse of anterior 
spinal elements can lead to kyphotic deformity 
[14]. These can lead to potentially irreversible se-
quelae, and therefore, early diagnosis and treat-
ment are paramount in the TB spine [6]. Spine de-
formity was found to be an independent predictor 
of TB diagnosis. 
Although isolated involvement of posterior ele-
ments is rare in TB, concomitant posterior element 
involvement is common in TB [4, 5]. In a study by 
Andronikou et al., 50% of the patients with TB 
spine have posterior element involvement [6]. In 
another study by Kilborn et al., pedicle involve-
ment was seen in 68% of adult patients [11]. Poste-
rior element involvement was found to be a sig-
nificant predictor of TB diagnosis. Pedicular in-
volvement is found to be lower in cases of pyo-
genic spondylitis [11, 15]. It is important to iden-
tify posterior spine involvement as its presence is 
associated with neurological involvement and in-
dicates a possible requirement for laminectomy 
and spine stabilisation [6]. 
The scoring system that we developed had excel-
lent sensitivity and specificity in making a diagno-
sis of TB spine. Since there could be subjectivity in 
an impression made by radiologists, an objective 
scoring system such as ours can help in reaching a 
better provisional diagnosis. This will be particu-
larly helpful in resource-limited settings, where an 
invasive sampling and microbiological diagnosis 
may not be possible. It must also be emphasised 
here that this scoring system needs to be prospec-
tively validated in a study with a larger sample 
size. 
In conclusion, involvement of the thoracic spine, 

posterior element involvement and spine defor-
mity are independent predictors of making a diag-
nosis of TB spine. In the presence of relevant clini-
cal findings, an objective scoring system can help 
differentiate TB from pyogenic spondylitis, espe-
cially in cases where a definite microbiological di-
agnosis cannot be made. 
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