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Abstract

Spinal tuberculosis (TB), an extrapulmonary manifestation of TB, primarily involves one or
multiple vertebrae, with a high prevalence at the thoracolumbar region, which can
compromise spinal cord integrity and result in severe sequelae such as paraplegia, bladder
and bowel dysfunction, and mobility limitation. This study aimed to review medical, surgical,
and rehabilitation management, clinical outcomes, and prognostic factors of spinal TB with
spinal cord injury (SCI). Research was conducted utilizing databases such as PubMed, Google
Scholar, and the Cochrane Library to identify original research articles published between
2019 and 2024, along with systematic and narrative reviews, that were relevant to spinal TB
and clinical outcomes. Antituberculosis drug therapy, incomplete motor deficits, early onset
paraplegia, young age, and good nutritional status provide a better prognosis for neurological
and functional recovery. On the other hand, poor prognosis factors are normochromic
normocytic anemia, initial lymphocytosis, and fever; in addition, a long duration of disease,
poor patient compliance to medications, multidrug-resistant TB, poor nutritional status, and
the presence of comorbid systemic diseases are negative predictors for recovery. Insufficient
research necessitates further investigation into spinal cord-specific outcomes for spinal TB to
improve rehabilitation prognostics. Early intervention and antituberculosis therapy enhance
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better prognoses for neurological and functional recovery, especially in those with incomplete
motor function, young age, good nutritional status, and compliance with treatment.
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1. Introduction

Spinal tuberculosis (TB), also referred to as TB spondylitis or Pott's disease of the spine, is the
most prevalent form of extrapulmonary TB caused by secondary infection of Mycobacterium
tuberculosis in the spine and its adnexal tissues. Worldwide, the annual incidence of spinal TB
exceeds 100,000 [1]. This condition has been increasing in both developing and developed countries,
primarily due to factors such as increasing Human Immunodeficiency Virus (HIV) coinfection,
multidrug resistance of the organism, and global migration.

Spinal TB accounts for 50% of all musculoskeletal tuberculosis and most often affects the lower
thoracic and thoracolumbar area [1, 2]. Untreated spinal TB can lead to severe and long-lasting
consequences of significant morbidity, persistent neurological deficit, and pronounced spinal
deformities [2, 3]. These complications can result in a substantial decline in functioning, particularly
in mobility, self-care, and bladder-bowel function [4]. Having a combination of deformity, instability,
and neurologic deficit may require surgical intervention to prevent further deterioration [1-3].

The management goals are eradication of disease, prevention of neurological deficits, correction
of deformity, early mobilization, and resuming normal daily activities. Early diagnosis and treatment
with antituberculosis drugs or a combination of medical and surgical interventions generally give
good results. Comprehensive rehabilitation is crucial for facilitating and optimizing neurological and
functional outcomes [5].

Rehabilitation professionals are interested in prognostic factors, but previous research in spinal
TB with or without SCI was limited. Therefore, we reviewed more recent literature on spinal TB
published in medical journals and databases such as PubMed, Google Scholar, and the Cochrane
Library between 2019 and 2024. The results are presented as a narrative review containing as
follows: prevalence and clinical manifestation, diagnosis, non-traumatic SCI, management including
medical, surgical, and rehabilitation, and prognostic factors and outcomes including clinical
outcomes, neurological recovery and functional outcomes, and conclusions.

2. Prevalence and Clinical Manifestation

Spinal TB is prevalent, with 95% of TB cases reported from developing countries, and Indonesia
is the country with the second largest TB prevalence in the world after India [6]. Of all TB cases,
10%-20% have musculoskeletal involvement, with 50% of them being spinal TB, most prevalent in
the thoracic vertebrae (40%-50%), followed by lumbar and cervical vertebrae [5, 6]. Dissemination
of TB results from reactivation of latent pulmonary foci [7]. During the mycobacteremia phase,
bacteria can spread to the spine via hematogenous and lymphatic systems. The hematogenous
spread of infection involves the paradisiacal region arteries and the paravertebral venous plexus.
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Based on the spread region, spinal TB infection can be classified into paradiscal, central, anterior,
and posterior [1, 7]. The paradiscal type is the most prevalent form; the infection typically begins in
the vertebral body and then progresses to the adjacent disc, leading to its destruction and collapse.
The central type is less common, where the central portion of the vertebral body is affected by the
bacteria spreading through the valveless Batson's paravertebral venous plexus [8, 9]. The anterior
type is characterized by the subligamentous spread of infection beneath the anterior longitudinal
ligament from the anterior vertebral body to the anterior end plate via the end arteries in the
vertebral end plates, causing progressive destruction, vertebral collapse, and kyphotic deformity [7,
10]. The posterior type is rare, and the infection spreads through the posterior external vertebral
venous plexus or directly from an adjacent infected area. The destruction of the posterior column
can cause lateral translation with or without rotation and increases the risk of neurologic deficits
because of delay in diagnosis, leading to spinal instability and deformity. Examples of lesions based
on location of involvement seen in magnetic resonance imaging (MRI) are depicted in Figure 1.

Figure 1 MRI of Spinal TB based on different locations of column involvements with red
arrows pointing at the following lesions: a) Paradiscal, b) Central, c) Anterior, d)
Posterior.

Due to the slow progress of the disease, clinical manifestations are influenced by severity,
duration, location, and complications [11]. The most common complaint is back pain, with the
degree of pain depending on the degree of spinal destruction and instability [4]. Constitutional
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symptoms such as fever, night sweats, malaise, loss of weight, and appetite are less common [11].
Three typical clinical features of spinal TB are cold abscess, vertebrae deformity (Figure 2), and
neurological deficits [1]. Cold abscess, a collection of exudates originating from the vertebrae that
infects the surrounding soft tissues and ligaments, is usually painless and without an inflammatory
response around it [12, 13].
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Figure 2 Various spinal deformities pointed with red arrows ranging from a) knuckle with
collapse on one vertebra, b) gibbus with collapse of 2-3 vertebrae, c) short kyphosis
(collapse more than three vertebrae with minimal angular deformity).

In the thoracic region, the cold abscess is often presented as a fusiform paravertebral swelling
caused by the spread of infection through the intercostal vessels. It can appear as a mass in the
chest wall, a sign of underlying spinal TB [1]. Kyphosis, a pronounced vertebral deformity, is common
in thoracic vertebrae in children and in lumbar vertebrae in adults [4]. Single-segment involvement
is more prevalent than multifocal segments; however, based on comprehensive incidence rates,
multifocal contiguous involvement is the most prevalent [2]. Moreover, an acute onset of paralysis
in individuals with thoracic spinal TB is attributed to the narrow spinal canal of the thoracic spine
and inadequate blood supply to the thoracic spinal cord [14].
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3. Diagnosis

Diagnosing spinal TB should always be supported by clinical findings, laboratory tests, and
imaging. Imaging of the entire spine is recommended to detect the extension of the infection and
to exclude any adjacent or skipped lesions [11]. MRI is the most reliable investigation, but plain
spinal radiography is an essential diagnostic tool, particularly in low-resource countries [15]. The
plain x-ray findings of spinal TB (Figure 3), typically including destruction of vertebral end plates,
vertebral body destruction, and disc space narrowing, may not be apparent as these changes may
not be visible on plain radiographs for up to 8 weeks, making late diagnosis in its early stages [16].

Figure 3 illustrates plain X-rays of the spine revealing deformities at thoracic vertebra
12. a) The anterior-posterior view demonstrates the vertebral body destruction and disc
space narrowing. b) The lateral view highlights end plate destruction and wedging of the
vertebrae, indicated by red arrows.

Computed Tomography scans can better visualize various forms of bone destruction, including
fragmentary destruction, osteolytic destruction, subperiosteal destruction, and localized
destructive lesions with sclerotic margins [7, 10]. In addition, the development of significant late
kyphosis can be expected if three or more of the following criteria are present: (1) separation of the
facet joints, (2) retropulsion of the vertebral body, (3) lateral translation, and (4) toppling vertebrae
(Figure 4) [7].
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Figure 4 Deformities of the spine following different types of destruction.

MRI can demonstrate soft tissue involvement, spreading abscess, spondylodiscitis, and neural
compression (Figure 5) and shows high sensitivity and specificity in differentiating spinal TB from
non-TB lesions [7, 17].

Figure 5 MRI of the thoracic spine with involvement of two vertebrae causing gibbus
and spinal cord compression.

Confirming definite diagnosis relies on histopathological investigations of tissue specimens
showing acid-fast bacilli (AFB), caseous necrosis, epithelioid cell granulomas, and Langhans' giant

cells [10]. Molecular diagnostic investigations, e.g., Polymerase Chain Reactions and line probe assay,
are increasingly used due to their efficiency and reliability [1].
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4. Non-Traumatic SCI

About 10% to 30% of individuals with spinal TB developed a significant non-traumatic etiology of
SCI, resulting in impairments of neuromusculoskeletal and bladder functions and, consequently,
limitation of mobility [18]. In patients with early onset of SCI, neurological deficits occur during the
active phase of infection, i.e., in the first 2 years and in cases that have not received treatment [11].
The common mechanisms of SCI in early onset are compression of the spinal cord anteriorly by
extradural abscess destruction of the vertebral column and spinal cord edema. The risk of
neurological deficits increases 7.3 times when having more than 50% narrowing of the spinal canal
and 12 times when having spinal cord edema [18]. Empirical research reveals a notable
enhancement in neurological recovery following surgical intervention [19].

Neurological deficits may be caused by myelopathy, radiculopathy, or myeloradiculopathy,
depending on the location and size of the lesion. Myelopathy is a dysfunction of the spinal cord with
upper motor signs and symptoms such as muscle weakness, loss or impaired sensation, impaired
urination, and defecation functions. Radiculopathy is a dysfunction of the spinal nerves, nerve roots,
or both with lower motor neuron signs and symptoms such as radicular pain, impaired sensation,
and muscle functions. According to two retrospective studies from India, more than half of spinal
TB patients had incomplete SCI with partial motor sparing, and about 1/3 had no neurological
deficits [7, 12].

5. Management

The aim of comprehensive management of spinal TB with or without SCl is to cure the disease
and enhance clinical outcomes and neurological and functional recovery, e.g., restoring mobility and
independence in daily activities.

5.1 Medical Management

The World Health Organization recommends initial anti-TB pharmacotherapy treatment with
isoniazid, rifampicin, pyrazinamide, and ethambutol for 2 months, followed by an additional 4
months of therapy with isoniazid and rifampicin [20].

5.2 Surgical Management

The need for surgical intervention in spinal TB is still a topic of debate. Some suggest that
neurological deficits can recover well after receiving antituberculosis drugs and that spinal lesions
can be healed without surgery [3, 21]. Others argue that surgical intervention is necessary for spinal
TB patients complicated by spinal instability, spinal cord compression with neurological deficits,
sequestration, paravertebral abscess, and sinus formation [14, 16, 21]. In addition, surgical
intervention is considered necessary for individuals with no neurological improvement after 3 to 4
weeks of anti-TB drug therapy or having deterioration during treatment, recurrent neurological
issues following initial improvement, respiratory and swallowing difficulties from cervical abscess,
and severe neurological impairments persisting beyond a duration of 6 months [16]. In cases with
rapid and profound neurological deterioration, an emergency surgical intervention is mandatory to
correct the worsening neurological state promptly. Thus, the duration of preoperative anti-TB drug
therapy is frequently less than 2 weeks, insufficient preoperative medical management [14].
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5.3 Rehabilitation Management

Rehabilitation is vitally important throughout all stages of management [22]. It was reported that
5 out of 6 individuals diagnosed with spinal TB attained full functional recovery within 2 years,
emphasizing the efficacy of the rehabilitation program when implemented in conjunction with
suitable surgical and medical interventions [3]. Attention must be directed towards spinal instability
when administering rehabilitation interventions to facilitate neurological and functional recovery
[4]. Muscle retraining and mobilization are essential as prolonged immobilization precipitates
complications such as muscle wasting or atrophy, contractures, and pressure ulcers. Inpatient
rehabilitation has been shown to significantly enhance functional outcomes by providing
comprehensive, personalized training and supervised physical and occupational therapy designed
for individual needs [12].

In the acute phase, the implementation of isometric exercises aims to strengthen the paraspinal
and gluteal musculature, which is crucial for subsequent standing, balance, and ambulation in later
stages [22]. In addition, appropriate bed positioning to prevent complications, breathing exercises
to improve or maintain pulmonary functions, and effective coughing are necessary during the pre-
operative phase. In the subacute phase, the rehabilitation program emphasizes active and active-
assisted exercises, accompanied by retraining sitting and standing balance, with or without
assistance or assistive devices [22]. In the chronic phase, ambulation is predominantly emphasized
by a progressive increment in the intensity of gait retraining and core abdominal muscle exercises
(4, 22].

In patients with urination difficulty and/or urinary incontinence, proper assessment and
management of neurogenic lower urinary tract dysfunction are crucial [1, 9, 22]. Initially, they may
need temporary use of an indwelling catheter for continuous bladder drainage and later change to
intermittent catheterization to prevent urinary tract infections. In those with incomplete SCI,
voluntary voiding may be possible after implementing bladder training with an intermittent
catheterization program. They may have impaired bowel control as well. To facilitate bowel
movement and bowel evacuation, a high-fiber diet with adequate fluid intake and provision of
proper assist bowel emptying technique can be beneficial [4]. Endurance exercises are also
necessary to maintain or improve cardiopulmonary functions and physical exercise tolerance [22].

In addition, SCI from spinal TB frequently manifests symptoms including spasticity and
neuropathic pain, which can be treated with pharmacotherapy, e.g., baclofen and botulinum toxin
for spasticity and gabapentin for neuropathic pain [22]. In addition, physical modalities for pain
control and stretching exercises for alleviating spasticity can effectively control pain and spasticity
and thus optimize the patients’ functional ability and quality of life [18, 22]. Nevertheless, the
impact of types and intensity of exercises and rehabilitation interventions on the functional
outcomes of individuals with spinal TB remains unknown, highlighting a need for further
investigation in this area [4].

6. Prognostic Factors and Outcomes
6.1 Clinical Outcomes

The patient’s chronological age, the location and quantity of the spinal segments involved, the
extent of kyphotic deformity, the presence of concurrent medical conditions, as well as the
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surgeon's level of proficiency are considered factors for evaluating the prognosis of spinal TB [1].
Younger populations and optimal nutritional status are associated with better medical outcomes;
in contrast, older age has a less favorable prognosis due to having comorbidities and osteoporosis,
and elderly with positive acid-fast bacilli smear have unfavorable outcomes [16, 23]. Poor patient
compliance with oral anti-TB drug therapy leads to multi-drug-resistant TB [24].

According to a retrospective study of patients with spinal TB one month after receiving anti-TB
drug therapy, favorable outcomes were defined as weight gain, no fever, improvement of the
general state, relief of pain, improvement in the classic inflammatory markers, and absence of
vertebral deformities, neurological impairment, or sepsis; the study found that poor prognosis
factors were normochromic normocytic anemia, initial lymphocytosis, and fever; interestingly
whereas vertebral fracture seen in plain spinal X-ray was associated with favorable outcomes, which
may be due to the presence of the peri-fracture hematoma allowing better vascularization of the
bone and better antibiotic penetration into the infectious focus [25].

6.2 Neurological Recovery

Conservative management, anti-TB drug therapy, and the use of orthotic devices have shown
high success rates in both disease eradication and spinal stabilization [26]. It is explained that the
anti-TB drugs diminish caseous necrotic tissue and epidural abscess formations and facilitate
neurological improvement in those with tubercular epidural abscesses [27]. Early therapeutic
interventions, particularly within six weeks of the initial onset of neurological deficits, show a
positive correlation with neurological recovery by increasing muscle power and decreasing
spasticity [27]. On the other hand, delaying the therapy can make the disease severity and
neurological status worse [25], indicating the necessity of timely management [18]. Moreover, rapid
disease progression is related to a less favorable prognosis for neurological recovery.

In uncomplicated cases, there was no significant difference in the outcomes between those
receiving conservation treatment and those undergoing surgery [7]. However, spinal
decompression and stabilization have been effective treatments for those with spinal cord
compression [3]. Studies demonstrated that the posterior approach resulted in significant
neurological improvements among patients with initially incomplete SCI but less improvement in
those with initially complete lesions [3, 4, 28]. Nevertheless, one study showed that a posterior
extensive circumferential decompressive reconstructive technique could improve neurological
outcomes in those with initially complete SCI [4, 29]. In patients with thoracic-level spinal TB,
comparative studies between anterior and posterior approaches found no significant differences in
neurological recovery [3, 23]. At the same time, the anterior approach has been shown to improve
disability levels in patients with cervical TB [3, 23].

In patients with SCI from spinal TB, the rate of improvement is significantly higher in patients
with incomplete motor function than those with complete lesions or sensory sparing, indicating the
importance of initial neurological status [28]. Additionally, having normal bowel and bladder control
is a decisive prognostic factor of complete recovery [4]. Of patients with cervical spinal TB and
myelopathy, a retrospective follow-up study of 115 cases in China demonstrated that less involved
vertebrae, surgery, and high Japanese Orthopedic Association (JOA) score before treatment were
predictors for neurological recovery; in addition, the cumulative complete neurologic recovery rates
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at 6 months and 12 months were higher in the surgery group than in the non-surgery group, but no
difference between groups at 28 months [25].

6.3 Functional Outcomes

Pain and neurological deficits commonly disturb or limit individual functioning. After receiving
medical, surgical, and rehabilitation interventions, both patients and rehabilitation professionals
expect optimal functional recovery, i.e., being able to perform activities of daily living and mobility
independently [22]. Three assessment tools, including the modified Barthel Index (MBI), total score
of 20 or 100, Oswestry Disability Index (ODI), and JOA score, are frequently used for evaluating
functional outcomes in patients with spinal TB [4].

One prospective study recruited 70 medically treated patients of spinal TB and determined
prognostic factors; disability was assessed with MBI (total score of 20) and good functional outcome
was classified if MBI was more than 12; based on multivariate analysis, duration of illness more than
6 months, cord compression and spinal extension of abscess were associated with poor outcomes
[4].

Another prospective study of 47 patients with spinal TB, after receiving anti-TB drugs, reported
all except 4 patients underwent surgical interventions and rehabilitation [22]; the patients’ activities
of daily living (feeding, bathing, grooming, dressing, bladder care, bowel care, and toileting) and
mobility (wheelchair to bed transfer, walking, and stair climbing) were assessed using MBI on
admission and at discharge from inpatient rehabilitation; the MBI scores for Activities of Daily Living
(ADL) and mobility at discharge increased significantly and the percentage of independent patients
also increased from 10% to 70%, indicating the benefits of medical treatment, surgical
decompression, and inpatient rehabilitation from pre- to 6 months post-operative periods [22].

Like traumatic SCI, the ability to walk is expected by patients with spinal TB and SCI. To date,
there has been no evidence to support predictors of walking in the latter group. According to
previous and recent studies in traumatic SCI, the muscle power function of hip flexors and knee
extensors is a primary predictor for ambulation [12]. A recent study of patients with traumatic
paraplegic SCI confirmed that motor function of L2 and L3 myotomes of the more impaired leg
assessed <15 days after injury yielded prognostic value for walking at 6 months after injury whereas
motor function of L4-S1 myotomes can predict outdoor walking at 6 months after injury [30].
Moreover, researchers from Europe and the United States of America determined a clinical
predictive rule to predict walking function after traumatic SCI. The European group suggested using
a combination of age and 4 neurological tests (motor function of L3 and S1 myotomes and sensory
function of L3 and S1 dermatomes) to predict indoor ambulation at one year post SCI [18]. The
American group proposed a simple surrogate test of S1 pinprick sensation at the lateral side of both
heels within the first month, preferably within 1 week after injury, to predict independent walking
at 1 year [30]. Of note, these predictive factors were assessed within 1 month after injury, unlikely
to be applied to patients with SCI from spinal TB who are usually diagnosed later. Therefore, there
is a need for further research to establish spinal cord-specific outcome measures and determine
predictors for spinal TB cases.
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7. Conclusions

Non-traumatic SCI due to spinal TB is prevalent in low-resource countries. Neurological
impairments are often from anterior spinal cord compression caused by an extradural abscess.
Based on some retrospective and few prospective studies, anti-TB drug therapy for 6-12 months,
surgery, and rehabilitation interventions provide good clinical outcomes neurological and functional
recovery. Younger age and good nutrition enhance clinical improvement. Normochromic
normocytic anemia, initial lymphocytosis, and fever are early predictive factors of poor clinical
outcomes. Duration of iliness of more than 6 months, spinal cord compression, and spinal extension
of abscess are prognostic factors of poor outcomes. In addition, prolonged illness, poor patient
compliance, multidrug-resistant tuberculosis, inadequate nutrition, and comorbid conditions
adversely affect recovery. Those with initially incomplete motor SCI demonstrate significantly more
significant neurological improvements than those with complete lesions or having sensory sparing
only. Preservation of bowel and bladder function is another predictor of overall recovery. Research
on prognostic and predictive factors for outcomes in patients with spinal TB is limited and needs
further investigation.
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