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Abstract

Background: Surgical treatment of spinal tuberculosis has been shown to improve neurological and radiological outcomes; however, the extent to which these 
improvements translate into clinically meaningful recovery remains unclear. The determinants of such recovery, particularly the role of preoperative neurological status, 
are not well defi ned. 

Methods: Fifty-two patients with spinal tuberculosis undergoing surgical treatment at a tertiary referral center were prospectively followed. Patient-reported 
outcomes were assessed using the Oswestry Disability Index (ODI) and the 36-Item Short Form Health Survey (SF-36). Clinically meaningful improvement was defi ned 
using established MCID thresholds (ODI ≥12.8; SF-36 ≥2.7). 

Results: The mean improvement in ODI was 28.4 ± 5.5 points, with all patients (100%) achieving MCID. The mean improvement in SF-36 was 11.1 ± 5.2 points, 
with 92.3% achieving MCID. Neurological improvement of at least one ASIA grade occurred in 96.2% of patients, while 3.8% experienced deterioration. All patients 
with preoperative ASIA D achieved complete recovery to ASIA E, whereas patients with ASIA C demonstrated heterogeneous outcomes and accounted for all cases of 
deterioration. On multivariable analysis, preoperative ASIA grade C was independently associated with lower odds of achieving SF-36 MCID (OR 0.03, 95% CI 0.001–0.88; 
p = 0.042). Radiological parameters, including kyphotic angle and vertebral involvement, were not independently associated with clinically meaningful recovery.

Conclusion: Surgical treatment of spinal tuberculosis results in high rates of clinically meaningful functional and neurological recovery. However, improvement in 
overall quality of life is not universal and is primarily determined by preoperative neurological status. 

Level of Evidence: II 
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Introduction

Spinal tuberculosis remains the most common form of 
musculoskeletal tuberculosis and a leading cause of spinal 
deformity, neurological defi cit, and long-term disability, 
particularly in low- and middle-income countries. [1-3] The 
disease is characterized by progressive vertebral destruction, 
spinal instability, and potential spinal cord compression, 
with delayed presentation frequently resulting in kyphotic 
deformity and irreversible neurological impairment. [4–6] 
Despite advances in antimicrobial therapy and imaging, a 

signifi cant proportion of patients continue to present with 
advanced disease requiring surgical intervention. [7-9]

Surgical treatment plays a critical role in the management of 
spinal tuberculosis, particularly in the presence of neurological 
defi cit, instability, or progressive deformity. [4,10,11] Prior 
studies have consistently demonstrated that surgery can achieve 
satisfactory neurological recovery and deformity correction. 
[4-6,10,26] However, most outcome assessments have focused 
on radiological parameters and neurological grading systems, 
with comparatively limited emphasis on patient-centered 
measures of recovery. [12-14] As a result, the extent to which 
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Diagnosis was established based on clinical presentation, 
radiological fi ndings, and, where available, microbiological or 
histopathological confi rmation.

Given the tertiary referral nature of the institution and the 
focus on surgical outcomes, the cohort represents a surgically 
selected population, enriched for patients with neurological 
defi cit, spinal instability, signifi cant deformity, or failure of 
nonoperative management.

Inclusion criteria were patients with confi rmed spinal 
tuberculosis who underwent surgical treatment and had 
complete baseline and follow-up patient-reported outcome 
measures. Patients with incomplete outcome data or prior 
spinal surgery for unrelated pathology were excluded. Because 
of the relatively low incidence of surgically treated spinal 
tuberculosis at our institution, all consecutive eligible patients 
presenting during the study period were enrolled. No formal 
a priori sample size calculation was performed. The study 
should therefore be regarded as exploratory and hypothesis-
generating, although consecutive recruitment was intended to 
minimize selection bias.

Clinical and radiological assessment

Baseline data collected included age, sex, duration 
of symptoms, and neurological status at presentation. 
Neurological function was assessed using the American Spinal 
Injury Association (ASIA) impairment scale.

Radiological evaluation included plain radiographs, 
computed tomography (CT), and magnetic resonance imaging 
(MRI), as clinically indicated. Variables recorded included 
spinal level of involvement, number of vertebral segments 
affected, presence of paravertebral or psoas abscesses, 
vertebral destruction, and magnitude of kyphotic deformity 
measured using the Cobb method. Representative preoperative 
and postoperative radiological fi ndings from the study cohort 
are presented in Figure 7.

Treatment protocol

All patients received standard antituberculous 
chemotherapy in accordance with national treatment 
guidelines. Surgical intervention was performed in patients 
with established indications, including neurological defi cit, 
spinal instability, signifi cant or progressive deformity, and 
failure of nonoperative treatment.

Procedures were performed by fellowship-trained spine 
surgeons and included decompression, deformity correction, 
and stabilization using posterior, anterior, or combined 
approaches as indicated.

Outcome measures

Patient-Reported Outcomes: Patient reported outcomes 
were assessed using the Oswestry Disability Index (ODI) and 
the 36-Item Short Form Health Survey (SF-36) at baseline and 
follow-up. Change scores were calculated as the difference 
between baseline and follow-up values.

surgical intervention translates into meaningful improvement 
in patients’ daily function and overall quality of life remains 
incompletely understood.

Patient reported outcome measures such as the Oswestry 
Disability Index and the 36-Item Short Form Health Survey 
are now widely used to evaluate disability and health-
related quality of life in spine research. [12,15,16] While these 
instruments demonstrate overall improvement following 
treatment, reporting mean changes alone does not necessarily 
refl ect whether patients experience clinical benefi t.[17-19] The 
concept of minimal clinically important difference addresses 
this limitation by defi ning the smallest change in an outcome 
that is perceived as benefi cial by patients.[17,18] This approach 
provides a more clinically relevant interpretation of treatment 
effectiveness and has become increasingly important in 
contemporary spine outcomes research.[19-21].

Although minimal clinically important difference 
thresholds have been widely applied in degenerative spine 
conditions, their use in spinal tuberculosis remains limited. 
[20–22] Furthermore, the determinants of meaningful 
recovery in this population are not well defi ned. In particular, 
the relationship between neurological status at presentation 
and patient-reported recovery remains poorly understood, 
despite its potential importance in guiding treatment decisions 
and prognostication. [6,11,23].

In addition, recovery following spinal tuberculosis is 
likely to be multidimensional, encompassing functional 
improvement, neurological recovery, and broader health-
related quality of life. [24,25] Domain-specifi c analysis of 
quality of life may provide further insight into patterns of 
recovery that are not captured by global summary scores 
alone. [13,24] Understanding these dimensions of recovery is 
especially important in resource-constrained settings, where 
delayed presentation is common and optimizing the timing 
and effectiveness of intervention is critical.

The aim of this study was therefore to evaluate clinically 
meaningful recovery following surgical treatment of spinal 
tuberculosis using minimal clinically important difference 
thresholds for disability and quality of life, to characterize 
patterns of neurological recovery, and to identify independent 
predictors of achieving meaningful improvement.

Methods

Study design and setting

This was a prospective cohort study conducted between 
January 2021 and December 2023 at a tertiary orthopaedic 
referral centre in Nigeria specializing in the management of 
spinal disorders. The institution serves as a regional referral 
hub for complex spine pathology, including infectious, 
traumatic, and degenerative conditions. Ethical approval 
was obtained from the institutional review board, and all 
participants provided informed consent.

Study population

All consecutive patients presenting with spinal tuberculosis 
during the study period were screened for eligibility. 
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Clinically meaningful improvement was defi ned 
using established minimal clinically important difference 
thresholds as follows: ODI improvement ≥12.8 points and 
SF-36 improvement ≥2.7 points. Binary variables indicating 
achievement of minimal clinically important difference were 
generated for each outcome.

Neurological outcomes

Neurological status was assessed preoperatively and 
postoperatively using the ASIA impairment scale. Neurological 
improvement was defi ned as an increase of at least one ASIA 
grade, while deterioration was defi ned as a decrease of at least 
one grade.

Transitions between preoperative and postoperative ASIA 
grades were analyzed using cross-tabulation and visualized 
using an alluvial diagram to illustrate patterns of neurological 
recovery.

Domain-specifi c quality of life

Domain-level analysis of the SF-36 was performed to 
evaluate differential recovery across health domains, including 
physical functioning, role limitation, bodily pain, general 
health, vitality, and mental health. Domain-level SF-36 
impairment proportions were derived from aggregated domain 
scores.

Statistical analysis

Continuous variables were assessed for normality using 
the Shapiro–Wilk test and are presented as mean ± standard 
deviation or median with interquartile range, as appropriate. 
Categorical variables are presented as frequencies and 
percentages. Between-group comparisons were performed 
using the Student t test or Mann–Whitney U test for continuous 
variables and the chi-square test or Fisher exact test for 
categorical variables, as appropriate.

Given that all patients achieved minimal clinically important 
difference (MCID) for the Oswestry Disability Index, regression 
analysis was performed using achievement of MCID for the 
36-Item Short Form Health Survey (SF-36) as the primary 
outcome. Because disease-specifi c MCID thresholds have not 
been established for spinal tuberculosis, published thresholds 
derived from spine surgery and degenerative spine populations 
were applied. These thresholds have been widely used in spine 
outcomes research and provide a framework for interpreting 
patient-reported outcomes.

Multivariable logistic regression was used to identify 
independent predictors of meaningful recovery. Due to the small 
number of non-events, Firth penalized logistic regression was 
employed to reduce small-sample bias. Covariates entered into 
the model included age, duration of symptoms, preoperative 
kyphotic angle, number of vertebral levels involved, and 
preoperative neurological status.

Model assumptions were assessed, including 
multicollinearity (variance infl ation factor) and goodness-of-

fi t diagnostics. Results are reported as adjusted odds ratios 
(OR) with 95% confi dence intervals (CI).

Model discrimination was evaluated using the area under the 
receiver operating characteristic curve (AUC), and calibration 
was assessed using the Hosmer–Lemeshow goodness-of-fi t 
test.

All statistical analyses were performed using Stata version 
19 (StataCorp LLC, College Station, TX, USA). A two-sided 
p-value < 0.05 was considered statistically signifi cant.

Results

Cohort characteristics

A total of 61 patients underwent surgical treatment for 
spinal tuberculosis during the study period. Of these, 7 patients 
were lost to follow-up, leaving 52 patients available for fi nal 
analysis. 

The mean age of the cohort was 29.8 ± 8.6 years, and 41 
patients (78.8%) were male. The median duration of symptoms 
before presentation was 29.5 months (interquartile range 
23.8–36.0), refl ecting a prolonged disease course. All patients 
presented with a neurological defi cit at baseline.

Preoperative neurological status was distributed as follows: 
ASIA B in 7 patients (13.5%), ASIA C in 21 patients (40.4%), 
and ASIA D in 24 patients (46.2%). Radiologically, the median 
number of vertebral levels involved was 2 (interquartile range 
2–2), and the mean preoperative kyphotic angle was 39.3 ± 14.3 
degrees. Thoracic and thoracolumbar regions were the most 
affected (Table 1).

Clinical outcomes

Improvement was observed in both disability and health-
related quality of life following treatment.

Table 1: Baseline demographic, clinical, and radiological characteristics of the 
study cohort.
Values are presented as mean ± standard deviation, median with interquartile 
range, or frequency with percentage as appropriate.

Variable Value

Age (years), mean ± SD 29.8 ± 8.6

Male sex, n (%) 41 (78.8%)

Duration of symptoms (months), median (IQR) 29.5 (23.8–36.0)

Preoperative ASIA B, n (%) 7 (13.5%)

Preoperative ASIA C, n (%) 21 (40.4%)

Preoperative ASIA D, n (%) 24 (46.2%)

Number of vertebrae involved, median (IQR) 2 (2–2)

Preoperative kyphosis (°), mean ± SD 39.3 ±14.3

Vertebral involvement, n (%)

 Thoracic 24 (46.2%)

 Thoracolumbar 17 (32.7%)

 Lumbar  7 (13.5%)

 Cervical  4 (7.6%)

Abbreviations: SD, standard deviation; IQR, interquartile range; ASIA, American 
Spinal Injury Association; MRI, magnetic resonance imaging.
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The mean improvement in Oswestry Disability Index 
(ODI) was 28.4 ± 5.5 points, with all patients (52/52, 100%) 
achieving minimal clinically important difference (MCID). The 
mean improvement in the 36-Item Short Form Health Survey 
(SF-36) was 11.1 ± 5.2 points, with 48 of 52 patients (92.3%) 
achieving MCID (Table 2).

The distribution of change scores demonstrated that all 
patients exceeded the MCID threshold for ODI, whereas a small 
proportion did not achieve the threshold for SF-36 despite 
overall improvement (Figure 1). No perioperative mortality was 
recorded.

Boxplots demonstrate the distribution of change scores 
for the Oswestry Disability Index (ODI) and the 36-Item Short 
Form Health Survey (SF-36). Dashed horizontal lines represent 
minimal clinically important difference (MCID) thresholds 
(ODI ≥12.8, SF-36 ≥2.7).

Neurological outcomes

Neurological recovery was observed in the majority of 
patients. Overall, 50 of 52 patients (96.2%) improved by at 
least one ASIA grade, while 2 patients (3.8%) experienced 
neurological deterioration.

Among patients with preoperative ASIA B, 4 (57.1%) 
improved to ASIA C and 1 (14.3%) to ASIA D, while 2 (28.6%) 
remained unchanged. Among those with preoperative ASIA C, 
10 patients (47.6%) improved to ASIA D and 9 (42.9%) to ASIA 
E. However, 2 patients (9.5%) deteriorated, with one declining 
to ASIA B and another to ASIA A. All patients with preoperative 
ASIA D (n = 24) improved to ASIA E (100%), representing 
complete neurological recovery in this subgroup. Complete 
neurological recovery (ASIA E) was achieved in 33 patients 
(63.5%), including all patients who presented with ASIA D. 
In contrast, neurological deterioration occurred exclusively 
among patients presenting with ASIA C.

The distribution of neurological transitions is summarized 
in Table 3 and illustrated in Figure 2.

Values are presented as the number of patients. Rows 
represent preoperative ASIA grades and columns represent 
postoperative ASIA grades. Neurological improvement was 
defi ned as an increase of at least one ASIA grade, while 
deterioration was defi ned as a decrease of at least one grade.

Heatmap illustrating transitions between preoperative 
and postoperative American Spinal Injury Association (ASIA) 
impairment grades. Rows represent preoperative ASIA grades, 
and columns represent postoperative ASIA grades. Cell values 
indicate the number of patients in each transition category, 
with color intensity corresponding to frequency. Improvement 
is refl ected by transitions toward higher ASIA grades, while 
deterioration is represented by transitions toward lower grades.

Domain-specifi c quality of life

Domain-level analysis of SF-36 demonstrated 
heterogeneous impairment across health domains. The most 
affected domains were vitality (37%), physical functioning 

(34%), and mental health (34%), whereas bodily pain (29%) 
and general health (30%) were less affected (Table 2, Figure 3).

Horizontal bar chart demonstrating the proportion of 
patients with impairment across SF-36 domains. Vitality, 
physical functioning, and mental health were the most affected 
domains, indicating a multidimensional impact of disease 
beyond pain.

Outcomes stratifi ed by preoperative neurological status

Clinical outcomes varied according to preoperative 
neurological status. Patients with ASIA C demonstrated lower 

Table 2: Clinical Outcomes, MCID Achievement, and Domain-Level Quality-of-Life 
Profi le
A. Global Outcomes
Values are presented as mean change ± standard deviation or frequency with 
percentage. Clinically meaningful improvement was defi ned using established 
minimal clinically important difference thresholds for each outcome.

Outcome Mean Change ± SD MCID Achieved, n (%)

Oswestry Disability Index (ODI) 28.4 ± 5.5 52 (100%)

SF-36 11.1 ± 5.2 48 (92.3%)

B. SF-36 Domain-Level Impairment Profi le

Domain Proportion Affected (%)

Vitality 37%

Physical Functioning 34%

Mental Health 34%

General Health 30%

Bodily Pain 29%

 

Figure 1: Distribution of functional and quality-of-life recovery following surgical 
treatment of spinal tuberculosis.

Table 3: Neurological recovery from preoperative to postoperative American Spinal 
Injury Association (ASIA) grade.
Values are presented as the number of patients. Rows represent preoperative 
ASIA grades and columns represent postoperative ASIA grades. Neurological 
improvement was defi ned as an increase of at least one ASIA grade, while 
deterioration was defi ned as a decrease of at least one grade.

Preoperative ASIA A B C D E Total

B (n = 7) 0 2 4 1 0 7

C (n = 21) 1 1 0 10 9 21

D (n = 24) 0 0 0 0 24 24

Total 1 1 0 0 50 52

Abbreviations: ASIA, American Spinal Injury Association.
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rates of clinically relevant improvement in SF-36 compared 
with other groups.

While all patients with ASIA B and D achieved SF-36 
MCID (100%), only 81.0% of patients with ASIA C achieved 
meaningful recovery. In contrast, SF-36 change scores were 
highest among patients with ASIA D (mean 14.0), followed by 
ASIA C (8.8) and ASIA B (8.0). ODI improvement was greatest 
in ASIA B and lowest in ASIA D (Table 4).

The probability of achieving patient-centered recovery 
stratifi ed by preoperative neurological status is shown in 
Figure 4. 

Bar chart demonstrating the proportion of patients 
achieving minimal clinically important difference (MCID) in 
SF-36 across preoperative American Spinal Injury Association 
(ASIA) grades.

Predictors of recovery

Multivariable analysis was performed using the achievement 
of the SF-36 MCID as the primary outcome.

On Firth penalized logistic regression, preoperative ASIA 
grade C was independently associated with lower odds of 
achieving functional recovery compared with other grades 
(odds ratio 0.03, 95% confi dence interval 0.001–0.88; p = 
0.042) (Table 5, Figure 5).

Forest plot showing adjusted odds ratios (OR) with 95% 
confi dence intervals (CI) for predictors of achieving minimal 
clinically important difference in SF-36. The vertical dashed 

Figure 2: Neurological transition heatmap from preoperative to postoperative ASIA 
grades.

Figure 3: Domain-specifi c pattern of quality-of-life impairment following spinal 
tuberculosis.

Table 4: Outcomes Stratifi ed by Preoperative Neurological Status.
Values are presented as mean change or percentage. SF-36 MCID (%) represents 
the proportion of patients within each preoperative ASIA grade who achieved 
meaningful improvement in quality of life.

Preoperative ASIA n ODI Change SF-36 Change SF-36 MCID (%)

B 7 35.4 8.0 100%

C 21 30.0 8.8 81.0%

D 24 24.8 14.0 100%

Abbreviations: ASIA, American Spinal Injury Association; ODI, Oswestry Disability 
Index; SF-36, 36-Item Short Form Health Survey; MCID, minimal clinically important 
difference.

Figure 4: Probability of SF-36 MCID recovery according to preoperative neurological 
status.

Figure 5: Predictors of Achievement of SF-36 MCID following surgical treatment 
of spinal tuberculosis.

Table 5: Predictors of Achievement of SF-36 MCID.
Multivariable analysis of predictors of achieving minimal clinically important 
difference for the 36-Item Short Form Health Survey (SF-36). Firth penalized logistic 
regression was used due to the small number of non-events. Results are presented 
as adjusted odds ratios (OR) with 95% confi dence intervals (CI).

Variable Adjusted OR  95% CI p value

Age 0.97 0.89–1.06 0.48

Duration of symptoms (months) 0.99 0.96–1.02 0.41

Preoperative kyphotic angle (°) 0.94 0.87–1.01 0.08

Number of vertebrae involved 1.12 0.72–1.74 0.61

Preoperative ASIA C 0.03 0.001–0.88 0.042

Abbreviations: OR, odds ratio; CI, confi dence interval; ASIA, American Spinal Injury 
Association; MCID, minimal clinically important difference.
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line represents the line of no effect (OR = 1). Preoperative 
ASIA grade C was independently associated with lower odds of 
recovery.

Age, duration of symptoms, number of vertebral 
levels involved, and preoperative kyphotic angle were not 
signifi cantly associated with MCID achievement, although 
increasing kyphosis demonstrated a trend toward reduced odds 
of meaningful recovery.

Model performance

The predictive model demonstrated good discriminative 
ability, with an area under the receiver operating characteristic 
curve of 0.77 (Figure 6).

Receiver operating characteristic (ROC) curve demonstrating 
the discriminative ability of the multivariable model for 
predicting achievement of SF-36 MCID. The area under the 
curve (AUC) indicates excellent model performance.

Discussion

Principal fi ndings

This prospective cohort study demonstrates that surgical 
treatment of spinal tuberculosis results in demonstrable 
improvement in disability and health-related quality of life. 
While all patients achieved minimal clinically important 
difference (MCID) for the Oswestry Disability Index, a 
smaller proportion achieved MCID for SF-36, indicating a 
divergence between functional recovery and overall quality-
of-life restoration. Neurological recovery was observed in 
most patients, with over 96% improving by at least one ASIA 
grade. Preoperative neurological status emerged as the only 
independent predictor of SF-36 MCID recovery, with patients 
presenting in ASIA grade C demonstrating signifi cantly lower 
odds of achieving meaningful improvement. These fi ndings are 
consistent with prior reports of favorable neurological outcomes 
following surgical management of spinal tuberculosis. [4-
6,10,23,26]

Clinical recovery: beyond mean improvement

The use of MCID thresholds provides a more patient-
centered interpretation of recovery than mean change scores 
alone. Previous studies have reported improvements in ODI 
and SF-36 following surgery; however, reliance on average 
values may obscure variability at the individual level. [16-19]

In the present study, all patients achieved improvement 
in disability, suggesting that surgical intervention reliably 
restores functional capacity. In contrast, a smaller proportion 
achieved meaningful gains in overall quality of life. This 
discrepancy highlights that recovery in spinal tuberculosis 
extends beyond physical function and includes broader health 
perceptions that may recover more gradually or incompletely. 
[13,16,19]

Neurological recovery and the concept of a transitional 
state

Neurological recovery demonstrated a distinct pattern 
across ASIA grades. Patients with ASIA D showed uniform 
recovery, whereas those with ASIA B improved consistently but 
incompletely. In contrast, ASIA C patients exhibited variable 
trajectories, including both substantial improvement and the 
only instances of deterioration.

This heterogeneity suggests that ASIA C represents a 
transitional neurological state with less predictable outcomes. 
This may refl ect a threshold between reversible and irreversible 
spinal cord injury, infl uenced by the interplay of compression, 
ischemia, and infl ammatory processes. [11,20,23] The 
variability observed in this group supports its clinical relevance 
as a prognostic category and underscores the importance of 
timely intervention before progression to this stage. Similar 
observations regarding variability in neurological recovery 
after surgery have recently been reported in contemporary 
European cohorts. [27]

Determinants of patient-centered recovery

Preoperative neurological status was the sole independent 
predictor of achieving functional improvement in quality of 
life. Patients with ASIA grade C had markedly reduced odds of 
achieving SF-36 MCID compared with other groups.

In contrast, radiological parameters, including kyphotic 
deformity and extent of vertebral involvement, were not 
independently associated with recovery. Although increasing 
kyphosis showed a non-signifi cant trend toward poorer 
outcomes, these fi ndings reinforce that neurological function, 
rather than structural severity, is the primary determinant of 
patient-perceived recovery. These fi ndings are consistent with 
previous studies identifying neurological status as one of the 
strongest determinants of postoperative recovery in spinal 
tuberculosis. [6,11,28]

Multidimensional impact of spinal tuberculosis

Analysis of SF-36 domains revealed that vitality, physical 
functioning, and mental health were most affected, whereas Figure 6: Model performance for prediction of meaningful recovery.
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bodily pain and general health were less impacted. This 
pattern refl ects the systemic and psychosocial burden of spinal 
tuberculosis.

Reduced vitality likely refl ects chronic infection and 
prolonged illness duration, particularly in settings where 
delayed presentation is common. [7] Impairment in physical 
functioning is consistent with structural instability and 
neurological defi cit. [4,6] The impact on mental health 
highlights the psychological burden associated with chronic 
disability and prolonged treatment, particularly in resource-
limited environments. [24] These are similar to the multisystem 
effects of spinal TB described in recent comprehensive reviews. 
[30]

The relatively lower impact on pain suggests that spinal 
tuberculosis is not primarily pain-driven, but rather a condition 
characterized by complex functional and systemic impairment. 
[13,25]

Relevance of representative imaging fi ndings

The representative clinical and radiological images 
presented in Figure 7 complement the quantitative fi ndings 
by illustrating the advanced disease severity encountered in 
this cohort. Extensive vertebral destruction, severe kyphotic 
deformity, multilevel involvement, paravertebral and psoas 
abscess formation, and profound neurological compromise 
were common indications for surgical intervention, consistent 
with the spectrum of advanced spinal tuberculosis described in 
previous studies. [29,30] 

Despite the complexity of these presentations, substantial 
neurological and functional recovery was achieved in most 
patients following decompression, deformity correction, and 
spinal stabilization. These fi ndings underscore the potential 

benefi ts of timely surgical management while emphasizing the 
importance of early diagnosis and referral before irreversible 
neurological injury and severe spinal deformity develop. 
[11,26,29] This message is particularly relevant in low- and 
middle-income countries, where delayed presentation remains 
common, and access to specialist spine care is often limited. 
[7,29,30]

Clinical implications

These observations support current recommendations 
advocating individualized surgical treatment guided by 
neurological status and spinal stability in patients with spinal 
TB. [29] The strong infl uence of preoperative neurological 
status emphasizes the importance of early diagnosis and 
timely surgical management, particularly before progression 
to intermediate states such as ASIA C. 

The observed gap between functional recovery and quality-
of-life improvement highlights the need for comprehensive 
postoperative care, including rehabilitation and psychosocial 
support. Additionally, the application of MCID provides a 
clinically relevant framework for outcome assessment and 
patient counseling. [16,25] Our results are also consistent with 
recent reports demonstrating favorable neurological outcomes 
following appropriately selected surgical intervention across 
diverse healthcare settings. [27] These fi ndings further suggest 
that favorable outcomes can be achieved using different surgical 
approaches when treatment is individualized according to 
disease severity and spinal biomechanics.[31]

These fi ndings are particularly relevant in low- and middle-
income settings, where delayed presentation remains common 
and early identifi cation of patients at risk of suboptimal 
recovery is critical.

Strengths and limitations

Strengths of this study include its prospective design 
and the integration of both objective and patient-reported 
outcomes using MCID thresholds. The detailed analysis of 
neurological transitions and domain-specifi c quality-of-life 
outcomes provides a comprehensive view of recovery.

Limitations include the single-center design, surgically 
selected cohort, and the absence of external validation, which 
may limit the applicability of the fi ndings to other populations. 
In addition, disease-specifi c MCID thresholds have not been 
validated for patients with spinal tuberculosis. Consequently, 
MCID values derived from broader spine populations were 
used, which may have infl uenced the interpretation of patient-
perceived recovery. The modest sample size and low number 
of non-events required the use of Firth penalized regression 
and may reduce statistical power. Domain-level SF-36 analysis 
was based on aggregated data, and long-term outcomes were 
not assessed. Lastly, the absence of an a priori sample size 
calculation increases the possibility of type II error for variables 
that were not statistically signifi cant.

Conclusion

Surgical treatment of spinal tuberculosis results in high 
rates of functional and neurological recovery; however, 

Figure 7: Representative clinical and radiological fi ndings in patients with spinal 
tuberculosis. (A) Preoperative sagittal CT scan of a 36-year-old man demonstrating 
extensive destruction of the L4, L5, and S1 vertebrae with severe lumbosacral 
kyphosis. (B, C) Anteroposterior and lateral postoperative radiographs showing 
instrumented posterior fusion from L1 to the pelvis using S2 alar-iliac fi xation. (D, 
E) Preoperative and postoperative clinical photographs demonstrating correction 
of sagittal deformity. (F, G) Clinical photograph and CT scan of a 16-year-old boy 
with severe thoracic kyphoscoliosis secondary to spinal tuberculosis. (H) Sagittal 
T2-weighted MRI of the cervical spine demonstrating destruction of C4 with a 
prevertebral cold abscess extending from C2 to T1. (I, J) Sagittal and coronal T2-
weighted MRI images of the lumbosacral spine showing destruction of L4 and L5 
associated with a large psoas abscess.
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improvement in overall quality of life is not universal. 
Preoperative neurological status is the principal determinant 
of clinically meaningful recovery, with ASIA C representing 
a transitional group with less predictable outcomes. These 
fi ndings support early surgical intervention and reinforce the 
central role of neurological status in determining patient-
centered recovery following spinal tuberculosis. Future 
multicenter studies with larger cohorts and disease-specifi c 
MCID thresholds are warranted to validate these fi ndings and 
refi ne prognostic models for spinal tuberculosis.
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