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ABSTRACT

Background: Spinal tuberculosis is the most common form of skeletal
tuberculosis and a major cause of spinal deformity and neurological deficits,
particularly in developing countries. Early diagnosis and accurate assessment of
disease extent and healing are essential for preventing irreversible complications.
Magnetic Resonance Imaging (MRI) is the most sensitive imaging modality for
detecting early disease activity, soft tissue extension, neural involvement, and
response to therapy.

Objectives: To evaluate the role of MRI in assessing disease involvement and
healing in patients with spinal tuberculosis and to correlate radiological findings
with clinical outcomes during follow-up.

Materials and Methods: This prospective study included 100 patients diagnosed
with spinal tuberculosis at a tertiary care hospital. All patients underwent baseline
MRI to evaluate vertebral, discal, paravertebral, epidural, and neural involvement.
Patients were treated with standard antitubercular therapy and followed clinically
and radiologically. Serial MRI scans were performed to assess disease regression
and healing parameters such as reduction of marrow edema, resolution of
abscesses, fatty marrow replacement, sclerosis, and vertebral fusion. Clinical
improvement was assessed using pain relief, neurological recovery, and functional
status. MRI findings were correlated with clinical response.

Results: MRI demonstrated multilevel vertebral involvement, disc destruction,
and paravertebral abscesses in the majority of patients. During follow-up,
significant reduction in inflammatory changes and abscess size was observed in
patients showing clinical improvement. MRI healing parameters showed good
correlation with pain relief and neurological recovery in most cases, although
residual signal abnormalities persisted in some clinically improved patients.
Conclusion: MRI is indispensable not only for the diagnosis of spinal tuberculosis
but also for monitoring disease progression and healing. Serial MRI assessment,
when correlated with clinical findings, provides reliable guidance for evaluating
treatment response and disease resolution.

Keywords: Spinal tuberculosis; Pott’s spine; Magnetic resonance imaging;
Disease healing; Clinical correlation.
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INTRODUCTION

Tuberculosis (TB) continues to be one of the leading infectious causes of morbidity and mortality worldwide, despite the
availability of effective chemotherapy for several decades. According to the World Health Organization, TB remains a
major public health problem, particularly in low- and middle-income countries, with extrapulmonary tuberculosis
accounting for a significant proportion of cases [1]. Among extrapulmonary manifestations, musculoskeletal tuberculosis
constitutes approximately 10—-15% of cases, with spinal tuberculosis representing nearly half of skeletal TB and being the
most severe form due to its potential for neurological compromise and permanent deformity [2,3].

Spinal tuberculosis, also known as Pott’s disease, primarily involves the vertebral bodies and intervertebral discs and results
from hematogenous spread of Mycobacterium tuberculosis from a primary focus, most commonly the lungs [4]. The discase
characteristically involves the anterior part of the vertebral body near the endplates, followed by spread to adjacent
vertebrae through the subligamentous route [5]. Progressive disease leads to vertebral collapse, kyphotic deformity,
paravertebral abscess formation, epidural extension, and spinal cord compression [6].

The thoracic spine is the most commonly affected region, followed by the thoracolumbar junction and lumbar spine, a
distribution attributed to regional vascular anatomy and biomechanical stresses [4,7]. Cervical and lumbosacral
involvement are less frequent but often associated with significant morbidity due to instability and neurological
involvement [8]. Noncontiguous or skip lesions, though previously considered rare, are increasingly recognized with the
routine use of whole-spine MRI [9].

Clinically, spinal tuberculosis presents insidiously with chronic back pain, stiffness, and constitutional symptoms such as
fever, weight loss, and anorexia [6,10]. Neurological deficits may develop gradually or acutely, depending on the extent of
epidural involvement, vertebral collapse, and deformity [11]. Delay in diagnosis is common due to the nonspecific nature
of early symptoms and often results in advanced disease at presentation, particularly in resource-limited settings [3,12].

Early diagnosis and accurate assessment of disease extent are crucial for preventing irreversible complications.
Conventional radiography detects spinal tuberculosis only in advanced stages when significant bone destruction has
occurred [13]. Computed tomography (CT) provides superior visualization of bony anatomy and calcification within
abscesses but is limited in assessing marrow changes, soft tissue extension, and neural involvement [14]. As a result,
reliance on conventional imaging modalities may lead to underestimation of disease severity.

Magnetic Resonance Imaging has emerged as the imaging modality of choice for the evaluation of spinal tuberculosis due
to its excellent soft tissue contrast and multiplanar capability [15]. MRI enables early detection of marrow edema, disc
involvement, paravertebral and epidural collections, spinal cord compression, and intramedullary changes even before
radiographic abnormalities become apparent [13,16]. Typical MRI findings of active spinal tuberculosis include T1-
weighted hypointense and T2/STIR hyperintense marrow signals, discal involvement, rim-enhancing paravertebral
abscesses, and epidural granulation tissue [14,17].

MRI also plays a pivotal role in differentiating spinal tuberculosis from other pathologies such as pyogenic
spondylodiscitis, metastatic disease, and degenerative spinal disorders [18]. Features such as large paravertebral abscesses,
subligamentous spread, relative disc preservation in early stages, and involvement of multiple contiguous vertebrae favor
a diagnosis of tuberculosis [19].

Beyond diagnosis, MRI has gained increasing importance in monitoring disease progression and response to therapy.
Assessment of disease healing in spinal tuberculosis is complex, as clinical improvement does not always correlate with
radiological resolution [20]. While symptomatic relief and neurological recovery may occur early during treatment, MRI
abnormalities may persist for months due to residual inflammation, fibrosis, or reparative changes [21].

Several authors have proposed MRI parameters to assess healing, including reduction in marrow edema, resolution of
paravertebral and epidural abscesses, fatty marrow replacement, vertebral sclerosis, and intervertebral fusion [14,22]. Fatty
marrow replacement is considered a reliable indicator of disease inactivity and healing, whereas persistent contrast
enhancement alone may not necessarily indicate active disease [15,23]. However, there is considerable variability in the
interpretation of these findings, and no universally accepted MRI-based criteria exist to define healing in spinal tuberculosis
[24].

The duration of antitubercular therapy in spinal TB remains a subject of debate, with treatment decisions often guided by
clinical response rather than complete radiological resolution [25]. Overreliance on persistent MRI abnormalities may lead
to unnecessary prolongation of therapy, increased drug-related toxicity, and patient noncompliance [21]. Conversely,
premature cessation of treatment without adequate radiological and clinical assessment may result in relapse or progression
[26].
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Neurological involvement is a major determinant of outcome in spinal tuberculosis. MRI plays a crucial role in identifying
the cause of neurological deficits, whether due to epidural abscess, granulation tissue, vertebral collapse, or spinal cord
edema [11,27]. Serial MRI allows monitoring of neural decompression and cord signal changes, which have been shown
to correlate with neurological recovery [28].

Despite the widespread use of MRI, limited prospective data are available correlating MRI-based healing parameters with
clinical outcomes in spinal tuberculosis, particularly in the Indian population where disease burden is high [3,4]. Most
available studies are retrospective or lack standardized follow-up protocols, leading to variability in reported findings
[22,29].

In view of these gaps, the present prospective study was undertaken to systematically evaluate MRI findings of disease
involvement and healing in patients with spinal tuberculosis and to correlate radiological changes with clinical outcomes.
A better understanding of MRI healing patterns and their clinical relevance may aid in optimizing treatment duration,
guiding follow-up strategies, and improving overall patient outcomes

MATERIALS AND METHODS

Study Design and Setting

A prospective observational study was conducted at a tertiary care centre in the Department of Anatomy for a period 12
months i.e, August 2024 to August 2025.

Study Population
A total of 100 patients diagnosed with spinal tuberculosis were included.

Inclusion Criteria
1. Patients of all age groups and both genders
2. Clinically suspected and radiologically confirmed spinal tuberculosis
3. Patients with MRI findings suggestive of spinal TB
4. Patients willing to provide informed consent and comply with follow-up

Exclusion Criteria
1. Patients with pyogenic spondylodiscitis
2. Malignancy involving the spine
3. Previous spinal surgery
4. Inadequate follow-up or incomplete MRI data

MRI Protocol
MRI of the involved spinal region was performed using T1-weighted, T2-weighted, STIR, and contrast-enhanced
sequences. Whole spine screening was done to detect skip lesions.

Treatment and Follow-up
All patients received standard antitubercular therapy as per national guidelines. Clinical and MRI follow-up was done at
regular intervals.

Outcome Measures
e  MRI parameters: vertebral involvement, disc changes, abscess formation, marrow signal, healing features
o Clinical parameters: pain relief, neurological improvement, functional recovery

Statistical Analysis
Data were analyzed using descriptive statistics and correlation analysis.

RESULTS

A total of 100 patients with spinal tuberculosis were included in this prospective study and followed clinically and
radiologically using MRI. In the present prospective study, a total of 100 patients with spinal tuberculosis were evaluated
clinically and radiologically using Magnetic Resonance Imaging. The study population predominantly comprised young
and middle-aged adults, with the highest number of patients belonging to the 21-40 years age group, followed by those
aged 41-60 years.

Clinically, back pain was the most common presenting symptom, observed in the vast majority of patients, followed by
constitutional symptoms such as fever, weight loss, and anorexia.
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MRI evaluation revealed that the thoracic spine was the most commonly involved region, followed by the thoracolumbar
junction and lumbar spine.

Intervertebral disc involvement was observed in a significant proportion of cases, reflecting spread of infection across
adjacent endplates. MRI also demonstrated extensive paravertebral soft tissue involvement, with paravertebral abscess
formation being a common finding. Baseline bone marrow signal analysis revealed that most patients exhibited T1-
weighted hypointense and T2/STIR hyperintense signals, indicative of active inflammatory disease. On follow-up MRI,
progressive healing changes were observed in patients responding to antitubercular therapy. The earliest radiological
indicator of healing was reduction in marrow edema, followed by decrease or resolution of paravertebral and epidural
abscesses.

Clinically, the majority of patients experienced significant pain relief and functional improvement during follow-up.
Among patients presenting with neurological deficits, most demonstrated partial or complete neurological recovery, which

correlated well with reduction in epidural compression and spinal canal compromise on MRI.

A good correlation between MRI-based healing parameters and clinical improvement was observed in most patients.

RESULTS
Table 1. Demographic Profile of Study Population (n = 100)

Parameter Number (%)
Age (years)
<20 12 (12%)
2140 46 (46%)
41-60 32 (32%)
>60 10 (10%)
Gender
Male 58 (58%)
Female 42 (42%)
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Graph 1: Demographic Profile of Study Population

The majority of patients belonged to the 21-40 years age group (46%), reflecting the high burden of spinal tuberculosis
in the economically productive age group. Males were more commonly affected than females with a male-to-female ratio
of 1.38:1.
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Table 2. Clinical Presentation of Patients

Clinical Feature Number (%)
Back pain 94 (94%)
Constitutional symptoms (fever, weight loss, anorexia) 72 (72%)
Local spinal tenderness 68 (68%)
Neurological deficit 34 (34%)
Spinal deformity (kyphosis/gibbus) 22 (22%)

Back pain was the most common presenting symptom, seen in 94% of cases. Constitutional symptoms were present in
nearly three-fourths of patients. Neurological deficits were observed in 34%, emphasizing the seriousness of delayed
diagnosis.

Spinal deformity

Neurological deficit
Back pain

Spinal tenderness

Constitutional symptoms

Graph 2: Clinical Presentation of Patients

Table 3. Spinal Level Involvement on MRI

Region Involved Number (%)
Cervical 8 (8%)
Thoracic 42 (42%)
Thoracolumbar 28 (28%)
Lumbar 18 (18%)
Lumbosacral 4 (4%)

The thoracic spine (42%) was the most commonly involved region, followed by the thoracolumbar junction. This
distribution aligns with the known predilection of tuberculosis for the thoracic vertebrae due to its vascular supply.

Table 4. Pattern of Vertebral Involvement on MRI

Pattern Number (%)
Single vertebra 26 (26%)
Two contiguous vertebrae 54 (54%)
Multiple non-contiguous (skip lesions) 20 (20%)

Contiguous vertebral involvement was the predominant pattern (54%), which is characteristic of spinal tuberculosis. Skip
lesions were identified in 20%, highlighting the importance of whole-spine screening on MRI.

Table 5. Intervertebral Disc Involvement

Disc Status Number (%)
Disc involvement present 76 (76%)
Disc preserved 24 (24%)

Intervertebral disc involvement was observed in 76% of patients, reflecting the spread of infection across the endplates.
Disc preservation was mainly noted in early-stage disease.

Table 6. Paravertebral and Epidural Soft Tissue Involvement

MRI Finding Number (%)
Paravertebral abscess 64 (64%)
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Psoas abscess 22 (22%)

Epidural collection 38 (38%)

Spinal canal compromise 36 (36%)

Paravertebral abscess formation was a common MRI finding, seen in 64% of cases. Epidural collections leading to spinal
canal compromise were present in over one-third of patients, correlating with neurological deficits.

Table 7. Baseline Bone Marrow Signal Changes on MRI

Signal Pattern Number (%)
T1 hypointense, T2/STIR hyperintense (active disease) 82 (82%)
Mixed signal intensity 18 (18%)

Most patients (82%) demonstrated MRI signal characteristics of active inflammatory disease, confirming MRI’s
sensitivity in detecting early marrow involvement.

Table 8. Follow-up MRI Findings Indicative of Healing

MRI Healing Parameter Number (%)
Reduction in marrow edema 74 (74%)
Resolution/reduction of abscess 68 (68%)
Fatty marrow replacement 56 (56%)
Vertebral sclerosis 48 (48%)
Intervertebral fusion 32 (32%)

Serial MRI showed progressive healing changes, with reduction in marrow edema being the most common sign. Fatty
marrow replacement and sclerosis were considered reliable markers of disease resolution.

Table 9. Clinical Qutcome at Follow-up

Clinical Outcome Number (%)
Pain relief 88 (88%)
Improvement in neurological status 28/34 (82.4%)
Functional recovery 84 (84%)
Residual symptoms 16 (16%)

A significant proportion of patients demonstrated clinical improvement, particularly in pain relief and functional recovery.
Neurological improvement was noted in over 80% of affected patients.

Table 10. Correlation Between MRI Healing and Clinical Response

Correlation Number (%)
MRI healing + clinical improvement 72 (72%)
Persistent MRI changes despite clinical improvement 20 (20%)
Poor MRI and poor clinical response 8 (8%)

Good correlation between MRI healing and clinical improvement was observed in 72% of patients. However, 20% showed
persistent radiological abnormalities despite clinical recovery, underscoring that MRI changes may lag behind clinical
improvement.

Fig 1: Lumbar intervertebral disc prolapse (PIVD) causing sciatica
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Fig 3: Rib hump deformity (scoliosis) with lumbar intervertebral disc prolapse.

DISCUSSION

Spinal tuberculosis remains a major cause of spinal morbidity, particularly in developing countries, despite advances in
diagnostic imaging and antitubercular therapy [1,2]. The disease poses significant challenges due to its insidious onset,
nonspecific clinical manifestations, and potential for severe complications such as deformity and neurological deficits [3].
In the present prospective study, Magnetic Resonance Imaging (MRI) proved to be an indispensable modality for
evaluating disease extent, identifying complications, and monitoring healing, with good correlation to clinical outcomes.

Demographic and Clinical Correlation
In this study, spinal tuberculosis predominantly affected young and middle-aged adults, with a male preponderance. Similar
demographic patterns have been reported by Jain et al. and Moon et al., who attributed this trend to increased exposure,
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higher disease prevalence, and occupational stress in this age group [4,5]. Back pain was the most common presenting
symptom, followed by constitutional symptoms, which is consistent with earlier observations by Tuli and Rajasckaran
[6,7]. These findings reaffirm that pain remains the earliest and most reliable clinical manifestation of spinal tuberculosis.

Neurological deficits were observed in approximately one-third of patients in the present study. Comparable incidences
have been reported by Hodgson and Dunn et al., who emphasized that neurological involvement often reflects delayed
diagnosis or extensive epidural disease [8,9]. In our study, neurological deficits showed strong association with epidural
collections and spinal canal compromise on MRI, highlighting the importance of early imaging for timely intervention.

Distribution and Pattern of Spinal Involvement

The thoracic spine was the most commonly involved region, followed by the thoracolumbar junction. This distribution has
been consistently reported in multiple studies and is attributed to the vascular anatomy and biomechanical stresses of the
thoracic region [4,10]. Contiguous vertebral involvement was the predominant pattern, a characteristic feature of
tuberculous spondylitis, as also reported by Moon et al. and Jain et al. [5,11].

Skip lesions were identified in a significant proportion of patients, emphasizing the importance of whole-spine MRI
screening. Similar findings were described by Ansari et al. and Moore et al., who stressed that failure to identify non-
contiguous lesions may result in underestimation of disease extent and inadequate treatment [12,13].

MRI Characteristics of Active Disease

At baseline, the majority of patients demonstrated classical MRI features of active spinal tuberculosis, including T1-
weighted hypointensity, T2/STIR hyperintensity, discal involvement, paravertebral abscess formation, and epidural
extension. These findings are in agreement with reports by Sharif and Chang et al., who highlighted MRI’s superior
sensitivity in detecting early marrow and soft-tissue involvement compared to conventional imaging [14,15].

Paravertebral abscess formation was a common finding, reflecting subligamentous spread of infection, which is a hallmark
of spinal tuberculosis [16]. The presence of large abscesses with relatively preserved disc spaces further supported the
tubercular etiology, distinguishing it from pyogenic spondylodiscitis [17]. Epidural collections causing spinal canal
compromise correlated strongly with neurological deficits, reinforcing MRI’s critical role in identifying clinically
significant disease [9,18].

MRI in Monitoring Healing and Treatment Response

One of the principal objectives of this study was to assess the role of MRI in monitoring disease healing. Serial MRI
examinations demonstrated gradual reduction in marrow edema and soft-tissue collections in patients responding to
antitubercular therapy. Reduction in abscess size was one of the earliest radiological indicators of treatment response,
consistent with observations by Dunn et al. and Moon et al. [5,9].

Fatty marrow replacement emerged as a reliable marker of healing in the present study. Several authors, including Sharif
et al. and Rajasekaran et al., have reported that fatty transformation of marrow indicates resolution of active inflammation
and restoration of normal bone marrow physiology [14,19]. Vertebral sclerosis and intervertebral fusion were observed in
later stages of healing, signifying biomechanical stabilization of the affected segment [20].

Clinical-Radiological Correlation

A major strength of this study is the correlation between MRI findings and clinical outcomes. Most patients demonstrating
radiological healing on MRI also showed significant clinical improvement in terms of pain relief, neurological recovery,
and functional status. Similar correlations have been documented by Jain et al. and Chang et al., who advocated combined
clinical and radiological assessment for monitoring treatment response [11,15].

However, a noteworthy observation in the present study was the persistence of MRI abnormalities in some clinically
improved patients. This phenomenon has also been reported by Hodgson and later by Jain et al., who emphasized that
residual MRI changes may persist due to fibrosis, granulation tissue, or reactive marrow changes and do not necessarily
indicate active disease [8,21]. This highlights the risk of overtreatment if MRI findings are interpreted without clinical
correlation.

Neurological Recovery and MRI Findings

Neurological improvement in this study showed strong correlation with reduction in epidural compression and resolution
of spinal cord edema on follow-up MRI. Rajasekaran and Tuli demonstrated that early identification and relief of neural
compression significantly improve neurological outcomes [6,19]. MRI played a crucial role in identifying patients requiring
surgical intervention due to persistent or worsening neural compromise despite adequate medical therapy.
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Comparison with Other Studies

Several international studies have evaluated MRI in spinal tuberculosis, though variability exists regarding interpretation
of healing. Chang et al. reported persistent contrast enhancement even after microbiological cure, while Dunn et al. noted
that marrow signal normalization may take several months [9,15]. The findings of the present study support these
observations and reinforce that radiological healing often lags behind clinical recovery.

Indian studies have similarly documented prolonged persistence of MRI abnormalities, particularly in cases with extensive
disease involvement [4,11]. The present study adds to the existing literature by providing prospective data with structured
clinical correlation, strengthening the evidence for MRI-guided follow-up.

Clinical Implications

The findings of this study have important clinical implications. MRI should be considered the gold standard for baseline
assessment of spinal tuberculosis [13,14]. During follow-up, however, treatment decisions should be based on a
combination of clinical improvement and radiological trends rather than complete radiological resolution [18,21].
Awareness of expected MRI healing patterns can prevent unnecessary prolongation of therapy and reduce patient
morbidity.

Recent literature has further strengthened the role of MRI in the evaluation and follow-up of spinal tuberculosis. A 2024
prospective study by Li et al. evaluated serial MRI changes in 132 patients with spinal tuberculosis undergoing standard
antitubercular therapy and reported that reduction in marrow edema and abscess size were the earliest indicators of
treatment response, while fatty marrow replacement appeared later during healing [31]. These observations closely parallel
the findings of the present study, where reduction in inflammatory changes preceded structural healing, reinforcing MRI’s
role in monitoring disease regression rather than complete resolution.

In another 2024 multicentric study by Ahmed et al., whole-spine screening MRI revealed non-contiguous spinal
involvement in nearly one-third of patients, significantly altering management in several cases [32]. The authors
emphasized that limited regional imaging may underestimate disease extent. This supports our findings of skip lesions in
a subset of patients and highlights the importance of whole-spine MRI, particularly in endemic regions.

A 2024 systematic review by Park et al.analyzed MRI criteria used to define healing in spinal tuberculosis and concluded
that no single radiological parameter reliably indicates cure [33]. The review emphasized that persistent MRI abnormalities
may reflect reparative or fibrotic changes rather than active disease. This aligns with the present study, where residual MRI
signal changes persisted in some clinically improved patients, underscoring the need for combined clinical-radiological
assessment.

Emerging imaging techniques were explored in a 2025 study by Zhang et al., which applied quantitative MRI and radiomics
to differentiate active disease from healed spinal tuberculosis [34]. The study demonstrated that texture analysis and signal
intensity ratios improved diagnostic accuracy compared to conventional MRI interpretation alone. While such advanced
tools were not utilized in the present study, these findings suggest promising future directions to enhance objectivity in
MRI-based healing assessment.

A 2025 Indian cohort study by Verma et al. correlated MRI healing patterns with neurological recovery in patients with
spinal tuberculosis and found that resolution of epidural compression and spinal cord edema on follow-up MRI strongly
predicted neurological improvement [35]. These findings are in concordance with our results, where neurological recovery
showed good correlation with reduction in epidural disease, further validating MRI as a key modality in prognostication
and follow-up.

CONCLUSION

Spinal tuberculosis remains a significant cause of morbidity, particularly in developing countries, due to its insidious
presentation and potential for neurological compromise and deformity. The present prospective study demonstrates that
Magnetic Resonance Imaging is the most sensitive and comprehensive modality for assessing disease involvement,
complications, and healing in spinal tuberculosis.

MRI accurately delineated the extent of vertebral involvement, discal destruction, paravertebral and epidural soft-tissue
spread, and spinal canal compromise at baseline. Serial MRI evaluation proved invaluable in monitoring treatment response
and healing, with parameters such as reduction in marrow edema, resolution of abscesses, fatty marrow replacement,
sclerosis, and vertebral fusion serving as reliable indicators of disease regression.

A good correlation was observed between MRI-based healing parameters and clinical improvement, including pain relief,
neurological recovery, and functional status. However, residual MRI signal abnormalities persisted in some clinically
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improved patients, emphasizing that radiological resolution may lag behind clinical recovery. Therefore, treatment
decisions should be guided by combined clinical and radiological assessment rather than MRI findings alone.

In conclusion, MRI plays a pivotal role not only in the early diagnosis of spinal tuberculosis but also in monitoring disease
progression, healing, and therapeutic response. Serial MRI, when interpreted in conjunction with clinical findings, provides
a robust framework for optimizing patient management and preventing unnecessary prolongation of antitubercular therapy.

LIMITATIONS

e The sample size, although adequate for descriptive analysis, may not fully represent the wide clinical spectrum
of spinal tuberculosis.

e Long-term follow-up beyond the study period was not available for all patients, limiting assessment of late
sequelae and deformity progression.

e Histopathological or microbiological confirmation was not feasible in all cases, and diagnosis was based on a
combination of clinical, radiological, and therapeutic response criteria.

e A standardized quantitative MRI scoring system for disease activity and healing was not employed, which
could have improved objectivity in follow-up assessment.

e Advanced MRI techniques such as diffusion-weighted imaging, contrast Kinetics, or radiomics were not
utilized, which may further refine assessment of disease activity in future studies.
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