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ABSTRACT

Introduction: Spinal tuberculosis or Pott's disease
accounts for 1-5% of the cases of extrapulmonary tu-
berculosis. Radiological imaging, specifically medical
resonance imaging (MRI), is the preferred tool for ef-
fectively diagnosing spinal tuberculosis. We evaluated
the MRI features, demographic distribution, and clini-
cal presentation among patients with spinal tuberculo-
sis in a tertiary care hospital in Karad, India.

Material and methods: We retrospectively analyzed
data, including medical records and MRI scans of pa-
tients with clinically suspected spinal tuberculosis (July
2022 to December 2023). We collected and analyzed the
patient demographics, medical and clinical history, and
diagnostic data, including plain and contrast-enhanced
MRI scans and analyzed.

Results: Of the 36 patients included in the study, 20
(55.6%) were male, and the mean age was 41.6 years.
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Back pain was the most prominently reported symptom
(58.3%). 75% patients had epidural involvement, 38%
had endplate irregularity, 33% had vertebral body col-
lapse, and 13.8% had complete vertebral body destruc-
tion. All patients had altered signal intensities and 91%
had intervertebral disc involvement. 27.8%, 36.1%, and
72.2% of patients had cord edema, cord compression,
and thecal compression, respectively. 83.3% patients
had pre- and paravertebral abscess and 19% had psoas
abscess.

Conclusions: The use of MRI helped us in visualizing
features of spinal tuberculosis that would have been
difficult with regular radiographs. The outcomes from
our study are in line with those reported by previous
studies. MRI is the most preferred non-invasive tool for
effectively diagnosing and assessing the extent of spi-
nal tuberculosis.
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Introduction

The field of radiography has undergone transforma-
tions driven by technological advancements, transition-
ing from manual film processing to automatic process-
ing and eventually adopting digital image processing.
This evolution has revolutionized clinical radiography,
particularly with the introduction of cross-sectional
imaging modalities like CT and MRI. In the context of
healthcare infrastructure inadequacies in low-resource
settings, a crucial discussion about the future impact
of these innovations on clinical radiography practice is
warranted [2, 3, 6, 7].

Al, a powerful technology utilizing computer pro-
grams to analyze complex data, has proven to be
promising in diagnostic imaging, demonstrating high
accuracy in detecting small abnormalities in medical
images [1, 5, 10]. However, concerns arise regarding
the current focus of Al studies on lesion detection with-
out considering the nature or aggressiveness of ab-
normalities, potentially leading to biased evaluations.
Improvements are required by consistently using clin-
ically meaningful endpoints, such as patient survival,
symptoms, and the need for treatment, to provide a
more comprehensive evaluation of Al's effectiveness in
medical imaging [15].

While improved sensitivity is advantageous, it comes
with the challenge of detecting subtle changes of inde-
terminate significance. For instance, in screening mam-
mograms, artificial neural networks exhibit higher sensi-
tivity for pathological findings, including subtle lesions,
though not surpassing radiologists' overall accuracy [1,
5]. Incorporating outcome variables like new diagnoses
of advanced disease, disease requiring treatment, or
conditions likely to affect long-term survival in Al imag-
ing studies to enhance relevance is important [15]. In re-
cent years, the integration of Al technology into health-
care has sparked significant interest and debate among
researchers, practitioners, and policymakers. This paper
reviews the impact of artificial intelligence on the cur-
rent healthcare scenario in radiology, highlighting key
findings, trends, and future research areas [10, 11, 12].
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While Al demonstrates effectiveness in specific tasks,
the global replacement of radiology staff is far from
possible. Al can be utilized as a supportive tool, empha-
sizing the importance of communication and collabo-
ration with professionals like engineers and computer
scientists [18]. Despite the growing need for Al educa-
tion for students, residents, and medical specialists,
only a limited number of studies have addressed this
need in recent years. The consensus advocates for con-
tinuous training, starting from the university phase,
consolidating during residency or training, and per-
sisting throughout one's professional career [14, 16].

While numerous training programs are available,
they often lack integration into the overall learning
path. The emerging nature of Al training creates a sig-
nificant gap between program offerings and the actual
needs of radiology staff. It is evident that comprehen-
sive training encompassing the use, benefits, challeng-
es, and implementation issues of Al in clinical depart-
ments is essential. This ensures increased confidence
among clinicians interested in incorporating Al into
their careers. Practical exercises with real Al applica-
tions should engage students, teaching them effective
and critical usage [4, 8, 9, 13].

Material and methods

Study design

We retrospectively analyzed the data, including MRI
images, of patients with suspected spinal tuberculosis at
the department of radiodiagnosis in a tertiary care hospi-
tal in Karad, India, between July 2022 and December 2023.

Eligibility criteria

Patients of either gender, aged 20 to 80 years, with
clinical signs suggestive of spinal tuberculosis, with
or without neurological symptoms at the spinal lev-
el, were included in the study. Patients with a history
of trauma, claustrophobia, metallic implants, cardiac
pacemakers, or any cochlear implants were excluded.

Scanning technique

The spinal MRI scan was carried out using stand-
ard surface and body coils on a SIEMENS MAGNETOM
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AVANTO 1.5 Tesla. A standard protocol and proce-
dure was followed for MRI data collection. Spinal MRI
scans were conducted in the sagittal, coronal, and ax-
ial planes, utilizing T1, T2, STIR, and post-contrast T1
sequences. A slice thickness of 4 mm was maintained
for both sagittal and axial images, with field of view
settings of 350 mm for sagittal and 200 mm for axial
images. Clariscan (Gadoteric acid) was administered in-
travenously.

Data collection and analysis

Anonymized data were captured and summarized
for this study. Details of patient demographics, clinical
history, physical examinations, systemic findings, and
laboratory tests were documented. Data for both plain
and contrast-enhanced MRI scans were included.

Nominal data were reported as percentages and fre-
quencies, while continuous or discrete variables were
summarized with mean, standard deviation, median,
minimum, and maximum values. The data are reported
descriptively; the data were not tested for any statisti-
cal correlation or significance. The data were captured
using an Excel sheet and outputs are presented as fig-
ures, tables, frequency graphs, and pie charts.

Ethical considerations

The study was conducted in accordance with good
clinical practices and the Declaration of Helsinki. Ap-
proval from the Institutional Review Board and Institu-
tional Ethics Committee was obtained before commenc-
ing the study (Protocol no. 266/2021-2022).

Results

Of the 50 records evaluated for the specified duration,
data for 36 patients that met the eligibility criteria were
included in the study. The proportion of male patients
was higher, and most of the patients were in their thir-
ties (mean age + standard deviation, 41.6 + 12.9; Table
1). Back pain was the most commonly reported symp-
tom (n=21) and neurological complaints were reported
in 6 patients (Table 1). Seven patients had either a his-
tory of tuberculosis, or a family member had tuberculo-
sis, or were immunocompromised due to HIV (Table 1).

The MRI images showed that 28 patients had involve-
ment of two affected vertebrae. The lumbar region was
most commonly involved, and epidural abscess was
observed in 27 patients. Intradural and intramedullary

HJR

involvements were rare (Table 1). All patients exhibited
abnormal signal changes in the affected vertebrae. End-
plate irregularity, vertebral body collapse, and com-
plete destruction of vertebral bodies were observed in
10, 8, and 3 patients, respectively. Two patients had ky-
photic deformities during examination (Table 2).

Figure 1 presents the features of intervertebral disc
involvement that were observed in MRI scans. Altered
signal intensities were observed in all patients, whereas
33 patients had involvement of intervertebral discs. No
disc involvement was observed in three patients.

Table 1: Demographic data

Proportion of patients, n (%)

Characteristics —_—
Gender
Male 20 (55.6)
Female 16 (44.4)
Mean age + SD, years 41.6+12.9

Age range, years

21-30 7(19.4)

31-40 12(33.3)

41-50 6(16.7)

51-60 8(22.2)

61-70 3(8.3)

History of tuberculosis or immunocompromised
condition

Pulmonary tuberculosis 4(11.1)

;f;zgg;losm to a family 1(2.8)
HIV/immunocompromised = 2 (5.5)

Signs and symptoms

Fever 3(8.3)
Back pain 21 (58.3)
Neurological pain 6(16.7)
Weight loss 1(2.7)
Multiple symptoms 6(16.7)

Location of lesion

Epidural abscess 27 (75.0)
Intra-dural involvement 1(2.8)
Intra-medullary 1(2.8)

involvement
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Table 2: . Vertebral body and pre- and
paravertebral soft tissue involvement

Proportion of patients, n (%)

Imaging fi
maging features N=36

Vertebral body involvement

Altered signal changes only = 3(8.3)
End plate irregularity 14 (38.9)
Vertebral.body collapse/ 12 (33.3)
Compression fracture

Complete destruction

involving vertebral body 5(13.9)
Spinal deformity (kyphosis) 2 (5.5)

Pre and paravertebral soft tissue involvement

Pre- or paravertebral

abscess 30(83.3)
Psoas abscess 7(19.4)
No pre and paravertebral 6(16.7)

abscess

Cord edema, indicated by increased T2 signal, was ob-
served in 10 patients, while cord compression was ob-
served in 13 patients. Twenty-six patients experienced
thecal compression. Pre- and paravertebral involvement
was observed in 30 patients and frank psoas abscess was
in 7 patients (Table 2).

VOLUME 10 | ISSUE 3

Discussion

In this retrospective study, we were able to assess
the demographic distribution and clinical presenta-
tions associated with spinal tuberculosis in patients at
a tertiary-care hospital in Karad, India. The proportion
of male to female patients was 1.25:1, and the major-
ity of the patients were in their thirties and forties.
The most common symptom presented was back pain,
while a few patients had multiple signs and symptoms,
including fever and neurological pain along with back
pain. The majority of patients had the disease located
in the lumbar region, and epidural abscess was ob-
served in two-thirds of the patients. Abnormal signal
changes in the affected vertebrae were observed in all
patients, whereas in three patients there was no disc
involvement. Cord edema, cord compression, and the-
cal compression were seen in 27.8%, 36.1, and 72.2% of
patients, respectively. MRI showed pre- and paraverte-
bral involvement in 83.3% of patients. The specific and
distinct features of the disease observed in the MRI im-
ages in this study further strengthen its importance as
a preferred tool for the diagnosis of spinal tuberculosis.

Based on the published literature, overall, the inci-
dence of spinal tuberculosis seems to be higher among
males (range, 29%-73%) compared with females [5,13-
18]. While the age range varies from 9 to 79 years, the
majority of patients diagnosed seem to be living in
their third or fourth decade of life [5,13-18]. Even in
our study, the proportion of male patients was higher

35 1 13
30 A
2 25 1
2
< 20 A
)
'E 15 4
- 10 A
5 3
0 -
Altered signal Reduction in Partial Complete No disc
intensity disc height destruction destruction involvement

Figure 1: MRI features of intervertebral disc involvement MRI, medical resonance imaging
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Figure 2. Case 1

45-year male patient with a history of back ache and fever
Area of altered signal intensity is noted involving
opposing end plates of D7 and D8 vertebrae with

complete destruction of the disc in between exhibiting
hypointense signal on TIWI, hyperintense signal on T2/
STIR- Chronic changes of infective Spondylodiscitis. Mild
gibbus deformity is noted at D7-8 level just indenting the
thecal sac without obvious spinal canal narrowing or cord
compression.

T2/STIR hyperintense signal is noted in prevertebral and
bilateral paravertebral soft tissue extending from superior
border of D7 to inferior border of D8 showing diffusion
restriction on DWI/ADC sequences showing post contrast
enhancement. Maximum thickness on right paravertebral
region is (~ 1.2 cm) and (~ 1.0 cm) in left paravertebral
region - Suggestive of cold abscesses.

(55.6%), and almost half of the patients were in their
thirties and forties.

Back pain is the predominant symptom among the
patients with spinal tuberculosis (range, 9%-100%) [15].
Other commonly reported symptoms include neurolog-
ical deficits, cough, fever, night sweats, weight loss, and
back swelling [5,13-18]. Concomitant active pulmonary
tuberculosis and HIV infection have been commonly
reported in patients with spinal tuberculosis [5,13-18].
We observed that back pain was reported in 70% of pa-
tients, and other commonly reported complaints in-
cluded neurological deficits, fever, and weight loss. A
total of 16.6% of patients had a past history of tubercu-
losis, while 13.3% had active pulmonary tuberculosis,
and 6.6% were HIV-positive.

The thoracolumbar region seems to be the hotspot

Figure 3. Case 2

45-year female patient with a history of back ache (lower
back pain). Known case of Pott’s spine.

T2W (A), TIW (B) Saggital MRI images show a small
prevertebral abscess.

Area of altered signal intensity is noted involving opposing
end plates of D11 and D12 vertebrae with near complete
destruction of the disc in between exhibiting hypointense
signal on T1WI, hyperintense signal on T2.

T2 hyperintense signal is noted in prevertebral and
bilateral paravertebral soft tissue extending from superior
border of D11 to inferior border of D12 showing diffusion
restriction on DWI/ADC sequences showing post contrast
enhancement. Maximum thickness on right paravertebral
region is (~ 1.0 cm) and (~ 0.9 cm) in left paravertebral
region - Suggestive of cold abscesses.

for spinal tuberculosis, as most of the cases show tho-
racic, lumbar, or thoracolumbar involvement [15]. The
average number of vertebrae affected per patient could
range from 1 to 15 [15]. In our study, lumbar, thoracic,
and thoracolumbar spine involvement was observed
in 55%, 25%, and 13.8% patients, respectively. In our
study, a total of 80 vertebrae were affected among the
36 patients, averaging 2.2 vertebrae per patient.

In the present study, all patients exhibited altered sig-
nal changes in the affected vertebral bodies. Endplate
irregularity was observed in 38% of patients, vertebral
body collapse in 33%, and complete vertebral body de-
struction in 13.8%. Approximately 6.6% of patients had
developed spinal deformities before the time of exam-
ination. Our findings are similar to those reported by
Ansari et al., and Shashikumar et al. [19,20].
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In our study, we observed that 91% of patients had
intervertebral disc involvement, showing altered signal
intensities. This included reduced disc height in 16% of
patients, partial disc destruction in 44%, complete disc
destruction in 25%, and no disc involvement in 8.3% of
patients. Comparable studies by Sinan et al. and Leder-
mann et al. reported disc involvement rates of 72%
and decreased disc height in 50% of cases, respectively
[21,22].

Spinal cord involvement, kyphosis, and cord edema
are important predictors of neurological deterioration
[23-25]. Cord edema, indicated by increased T2 signal
intensity, was noted in 27% of patients. The progres-
sion of compression in descending order was thecal
compression, cord compression, and cord edema. High
signal intensity seen on the T2-weighted image within
the cord may indicate either cord edema or myeloma-
lacia. It's crucial to differentiate between these condi-
tions because edema is reversible while myelomalacia
is not. However, based solely on imaging appearance,
distinguishing between cord edema and myelomalacia
was not feasible, necessitating consideration of clinical
history and disease duration.

Tuberculous arachnoiditis of the spine frequently in-
volves the spinal cord as well as the meninges and nerve
roots [26]. Arachnoiditis typically presents as a shaggy
appearance at the cord-CSF interface on T1-weighted
images and shows meningeal enhancement post-gad-
olinium. The incidence of tuberculous arachnoiditis
varies in the literature, ranging from 9 to 33%. Howev-
er, the dorsal region is predominantly affected [27,28].
Contradictorily, arachnoiditis as a complication of spi-
nal tuberculosis was not observed in any patient in our
study.

Contrast-enhanced MRI using Clariscan™ (gadoter-
ate meglumine) was performed in all cases, revealing
two types of enhancement patterns: heterogeneous en-
hancement of involved vertebral bodies and interver-
tebral discs and ring-like peripheral enhancement. Epi-
dural and pre- and paravertebral collections showed
rim type enhancement with central hypointense areas
indicative of necrosis, a characteristic strongly indic-
ative of tuberculous infection compared to non-gran-
ulomatous spondylitis. Sagittal and axial MRI images
clearly depicted involvement of the spinal cord; 72% of
the patients had thecal compression and 36% had actu-
al cord compression.
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Tuberculous infection of the spine leads to bone de-
struction, vertebrae collapse resulting in gibbus or ky-
photic deformities, skip lesions, intervertebral disc in-
volvement, epidural abscesses, paravertebral abscesses,
psoas abscesses, and soft tissue edema. MRI is crucial for
diagnosing spinal tuberculosis, as it clearly reveals these
findings. Being a single-center retrospective study has
its limitations. The number of patients was small, and
being a single-center study, one cannot generalize the
study outcomes. Another limitation was that we did not
perform spinal biopsy to confirm spinal tuberculosis.
Our study confirmed that MRI is a very effective tool for
diagnosing and evaluating spinal tuberculosis in its ear-
ly stages. Including the treatment aspects in our study
could have made it more comprehensive.

To summarize, this single-center retrospective study
provides the demographic distribution and clinical
presentations associated with spinal tuberculosis in
36 patients in a tertiary-care hospital in Karad, India.
The observations from our study concur with those
reported in literature. The use of MRI was helpful in
diagnosing and assessing the extent of spinal tubercu-
losis. MRI accurately identifies vertebral involvement,
intra-osseous abscesses, intervertebral disc issues, skip
lesions, involvement of soft tissue, spinal cord impact,
and dural and intradural involvement. The study fur-
ther substantiates the importance of using MRI for di-
agnosis and evaluation of spinal tuberculosis during its
early stages, and sequential MRI scans can accurately
monitor treatment response. R
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