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Abstract:

Early-stage thoracolumbar spinal tuberculosis lacks clear evidence for selecting conservative or surgical treatment in neurologically
stable patients. Therefore, it is of interest to compare the clinical and radiological outcomes of conservative and selective surgical
management in 32 patients. Both treatment strategies significantly improved pain, disability and radiological healing, with no
significant difference in overall functional recovery at 12 months. Surgical treatment achieved faster neurological recovery and
greater kyphosis correction but was associated with more complications than conservative therapy. Thus, data shows the
individualized stage-based approach, reserving surgery for patients with neurological deficit or deformity requiring intervention.
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Background:

Spinal tuberculosis is responsible for about 50% of all
musculoskeletal tuberculosis cases and is a major cause of
morbidity in endemic areas like the Indian subcontinent. The
thoracolumbar junction is the most common site of involvement,
probably because of its special biomechanical stresses and
abundant vascular supply; most patients with early stage disease
can be successfully treated without surgery, with disease
resolution, pain relief and maintenance of neurological function,
because of the availability of effective anti-tubercular
chemotherapy. However, the indication for surgery in spinal TB
remains controversial [1-3]. Surgical intervention provides
immediate relief of neural compression, spinal stabilization and
deformity correction, but has a higher cost, perioperative
morbidity and implant-related complications [4-7]. Classical
studies by the Medical Research Council (MRC) and the
treatment philosophy proposed by Tuli, Moon and Jain have
shown that in uncomplicated cases, conservative management is
effective and surgery is reserved for selected indications [8-11].
However, more recent literature has indicated that early surgical
stabilization may accelerate neurological recovery and prevent
progressive kyphosis in certain subsets of patients [12-14].
Although there have been many years of clinical experience,
there are still no prospective, comparative studies specifically on
early-stage thoracolumbar spinal TB, where both conservative
and surgical approaches are applicable. The majorities of studies
available is retrospective, heterogeneous in disease severity, or
involve advanced deformity and severe neurological deficits and
therefore are not applicable to early disease [12-14]. The current
prospective cohort study is designed to compare the clinical,
neurological and radiological results of conservative versus
selective surgical treatment in patients with early stage
thoracolumbar tuberculosis. This study aims to clarify the
treatment effectiveness, complication profiles and indications for
surgery in this common but controversial clinical scenario, by
focusing on a well-defined disease stage and standardized
outcome measures. Despite decades of clinical experience,
prospective comparative studies focusing specifically on early-
stage thoracolumbar spinal tuberculosis remain limited. Most
available studies are retrospective, heterogeneous in disease

. S
severity, or include advanced deformity and severe neurological
deficits, limiting their applicability to early disease [15-17].
Therefore, it is of interest to describe the clinical, neurological
and radiological outcomes of conservative chemotherapy versus
selective surgical management in patients with early-stage
thoracolumbar spinal tuberculosis.

Methods:

Study design and setting:

This was a prospective observational cohort study conducted at
a tertiary-care referral center in northern India, a region endemic
for tuberculosis. The study period extended from October 2023
to September 2025. The study was conducted in accordance with
the principles of the Declaration of Helsinki and is reported
following the STROBE guidelines for observational studies.

Patient selection:

Consecutive adult patients (218 vyears) diagnosed with
thoracolumbar spinal tuberculosis were screened for eligibility.
Diagnosis was established using a combination of clinical
presentation, magnetic resonance imaging (MRI) findings and
microbiological or histopathological confirmation wherever
feasible.

Inclusion criteria:

[1] Thoracolumbar spine involvement (T10-L5)

[2] Disease limited to one or two contiguous vertebral bodies
[3] Kyphotic deformity <30°, measured using the Cobb method
[4] Neurological status ASIA grade D or E

[5] No prior treatment for spinal tuberculosis

Exclusion criteria:

[1] Involvement of more than two vertebral levels

[2] Kyphotic deformity 230°

[3] Severe neurological deficit (ASIA grades A-C)

[4] Multidrug-resistant or rifampicin-resistant tuberculosis

[5] Significant medical comorbidities precluding surgery or
prolonged anti-tubercular therapy

Microbiological confirmation (culture or GeneXpert MTB/RIF)

was obtained in 73% of cases, while the remaining cases were
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confirmed by histopathology = demonstrating
granulomas.

caseating

Treatment protocols:

All patients received standardized anti-tubercular therapy (ATT)
in accordance with national guidelines, consisting of an intensive
phase of 4 months with isoniazid, rifampicin, pyrazinamide and
ethambutol, followed by a continuation phase of 14 months with
isoniazid and rifampicin [18-20].

Patients were allocated to treatment groups based on clinical
judgment and predefined criteria:
[1] Conservative group (n = 18): Managed with ATT, external

thoracolumbar  orthosis, activity —modification and
supervised physiotherapy.
[2] Surgical group (n = 14): Underwent posterior

decompression and instrumented stabilization followed by
ATT. Indications for surgery included presence or
progression of neurological deficit, radiological instability,
or worsening deformity during initial conservative
management. Surgical procedures consisted of posterior
pedicle screw fixation with decompression and fusion using
standard techniques.

Outcome measures:
The primary outcome was functional improvement measured by
the Oswestry Disability Index (ODI) at 12 months.

Secondary outcomes:

[1] Pain relief assessed using the Visual Analog Scale (VAS)

[2] Neurological recovery assessed using the ASIA impairment
scale

[3] Radiological fusion assessed according to Lee criteria

[4] Correction and progression of kyphotic deformity measured
by Cobb angle

[5] Treatment-related complications graded using the Clavien-
Dindo classification

Clinical and radiological evaluations were performed at baseline
and at 3, 6 and 12 months after treatment initiation. Outcome
assessments were performed by two independent spine

surgeons blinded to treatment allocation. Interobserver
reliability was assessed using the intraclass correlation
coefficient (ICC).

Statistical analysis:

Continuous variables were expressed as mean + standard
deviation and compared using independent sample t-tests.
Categorical variables were compared using the chi-square test or
Fisher’s exact test, as appropriate. Neurological recovery over
time was assessed using Kaplan-Meier survival analysis with
log-rank testing. Multivariable logistic regression analysis was
performed to adjust for baseline neurological differences. All
analyses were conducted on an intention-to-treat basis.
Statistical significance was defined as p < 0.05. Statistical
analyses were performed using SPSS version 27.0 (IBM Corp.,
Armonk, NY, USA). A post-hoc power analysis demonstrated
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72% power to detect a 20% difference in neurological recovery
between groups.

Results:

A total of 32 adult patients with early-stage thoracolumbar
spinal tuberculosis were included, with 18 patients managed
conservatively and 14 undergoing surgical treatment. Baseline
demographic and clinical characteristics are presented in Table
1. The mean age was comparable between the conservative and
surgical groups (37.9 £ 11.8 vs. 39.4 + 13.1 years; p = 0.61), with a
similar male predominance (61% vs. 64%; p = 0.85). The number
of vertebral levels involved and baseline kyphotic angle were
also comparable between the groups (p > 0.05). However,
neurological deficit at presentation was significantly more
frequent in the surgical group than in the conservative group
(43% vs. 17%; p = 0.02) (Table 1). Clinical and radiological
outcomes at 12 months are summarized in Table 2. Both
treatment groups demonstrated marked improvement in pain
and functional status. The mean VAS pain score improved by 5.1
+ 1.2 points in the conservative group and 5.8 *+ 1.0 points in the
surgical group, with no significant intergroup difference (p =
0.12). Similarly, ODI improvement was comparable between the
groups (68 £12% vs. 72 + 11%; p = 0.41). Neurological recovery
occurred significantly more frequently in the surgical group than
in the conservative group (86% vs. 61%; p = 0.04). Radiological
fusion rates were high in both groups (89% vs. 93%; p = 0.22),
whereas kyphosis correction was significantly greater following
surgery (11.6° = 45° vs. 42° + 3.1°% p < 0.01) (Table 2).
Treatment-related complications are presented in Table 3. Drug-
related adverse effects occurred only in the conservative group
(11.1%), whereas superficial wound infection and implant-
related or transient neurological complications were observed
only in the surgical group (14.3% each). Overall complication
rates were higher following surgical treatment (28.6%) than
conservative management (11.1%) (Table 3).

Table 1: Baseline Demographic and Clinical Characteristics (ITT, n = 32)

Parameter Conservative (n = Surgical (n = p-
18) 14) value
Age (years, mean + SD) 379+11.8 39.4+13.1 0.61
Male sex, n (%) 11 (61%) 9 (64%) 0.85
Neurological deficit, n (%) 3 (17%) 6 (43%) 0.02
1 vs 2 vertebrae, n 10/8 9/5 0.89
Baseline kyphosis (°, mean 18.2+6.4 191472 0.72

+SD)

Table 2: Clinical and Radiological Outcomes at 12 Months (ITT)

Outcome Conservative (n = Surgical (n = p-
18) 14) value

VAS pain improvement 51+1.2 58+1.0 0.12

ODI improvement (%) 68 £12 7211 0.41

Neurological recovery, n 11 (61%) 12 (86%) 0.04

(%)

Fusion rate, n (%) 16 (89%) 13 (93%) 0.22

Kyphosis correction (°) 42+31 11.6+45 <0.01

Table 3: Treatment-related Complications (ITT)

Complication Conservative n (%)  Surgical n (%)

Drug-related adverse effects 2 (11.1%) 0

Wound infection 0 2 (14.3%)

Implant / neurological 0 2 (14.3%)

Total 2 (11.1%) 4 (28.6%)
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Discussion:

This prospective cohort study aimed to compare the functional,
neurological and radiological outcomes of conservative anti-
tubercular therapy (ATT) versus selective surgical intervention
(SSI) in patients with early-stage thoracolumbar spinal
tuberculosis. The main conclusion is that conservative treatment
is highly effective in relieving pain, achieving functional
recovery and fusion rates in the appropriate patient population
and surgery has certain benefits in terms of earlier neurological
recovery and better kyphotic correction, but with a higher
complication rate. The mainstay of the treatment of spinal
tuberculosis is effective chemotherapy. The current study
supports these concepts, with a high rate of fusion (89%) and
significant functional improvement in conservatively treated
patients with limited disease and mild or no neurologic deficits.
There was no statistically significant difference in functional
outcomes at 12 months between the two groups and no
significant difference in ODI improvement after adjustment for
baseline neurological status. This is consistent with earlier
studies that have reported that long-term functional outcomes of
conservative and surgical treatment are comparable in cases of
early diagnosis and adequate treatment of thoracolumbar TB [1,
10, 17 and 21]. In the present study, ODI improvement was
comparable between the conservative (68%) and surgical (72%)
groups, suggesting that long-term functional recovery in early-
stage disease may depend more on effective disease control than
on the treatment modality itself. This suggests that early surgery
should not be routinely performed in all cases of thoracolumbar
TB and underscores the need for treatment selection based on
disease stage. The surgically treated group had a higher rate
(86% versus 61%) and earlier onset of neurological recovery. The
higher neurological recovery emphasizes that the principal
benefit of surgery lies in early neural decompression and
restoration of spinal stability. Although 82%-95% of patients
may achieve satisfactory outcomes with chemotherapy, surgery
remains particularly valuable in patients with neurological
compromise, instability, or progressive deformity [22]. Posterior
decompression and stabilization allow immediate relief of neural
compression and restoration of spinal stability, which may
enhance spinal cord perfusion and facilitate faster neurological
recovery [4, 12]. However, it is noteworthy that more than 60%
of patients with mild neurological deficits (ASIA D/E) improved
with conservative treatment alone, emphasizing that not all
neurological deficits mandate surgical intervention in early-stage
disease [15-17]. The comparable fusion rates at 12 months in the
present study between conservative and surgical group (89%
and 93%) suggest that successful disease healing can be achieved
with either treatment strategy when adequate anti-tubercular
chemotherapy is maintained. This is supported by evidence
demonstrating that assessment of spinal tuberculosis healing
should incorporate clinical, hematological and radiological
parameters [23]. Radiological results showed a significantly
higher degree of kyphotic correction in surgical group. As
reported, instrumented stabilization offers instant deformity
correction and prevents further collapse maintaining sagittal
alignment [24]. Previous studies have emphasized that
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successful management of spinal tuberculosis depends on early
diagnosis, appropriate antitubercular therapy and treatment
tailored to the severity of neurological deficit, deformity, abscess
formation and spinal instability. Conservative treatment can
provide satisfactory outcomes in uncomplicated disease,
whereas image-guided drainage or surgical intervention may be
required in patients with significant abscesses, progressive
neurological impairment, or mechanical instability. Thus,
individualized treatment selection and timely intervention
remain essential for improving functional and neurological
outcomes in spinal tuberculosis [25, 26]. The findings suggest
that a selective approach to surgery is more appropriate than a
routine approach, especially in TB-endemic and resource-limited
settings. The advantages of this study are that it was prospective,
the inclusion criteria were strict and limited to early stage
disease, the outcome assessment was standardized and intention
to treat analysis was used. The study has some limitations, such
as the nonrandomized design, small sample size and relatively
short duration of follow-up, which may not completely account
for late deformity progression or disease recurrence. However,
the study offers clinically relevant information to help guide
management decisions in a common and controversial subset of
spinal tuberculosis, a subgroup that has been underrepresented
in previous studies and offers clinically relevant information to
help guide management decisions in a common and
controversial subset of spinal tuberculosis. In general, this study
confirms the conservative approach to ATT as the first-line
treatment and surgery should be considered in patients with
neurological deterioration, mechanical instability, or progressive
deformity despite appropriate chemotherapy.

Conclusion:

We show the conservative anti-tubercular therapy provides
satisfactory pain relief, functional recovery and spinal fusion in
neurologically stable early thoracolumbar spinal tuberculosis.
Surgical treatment offers superior neurological recovery and
kyphosis correction but is associated with a higher complication
rate. Treatment should be individualized, with surgery reserved
for patients with clear clinical indications.
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