


Tuberculous Spondylitis: A Comprehensive Review of Epidemiology, Diagnosis, and Management


ABSTRACT
[bookmark: _GoBack]Tuberculous spondylitis, a manifestation of tuberculosis (TB) in the spine, remains a significant health issue globally, with a prevalence that continues to rise, particularly in developing countries like Indonesia. Spinal tuberculosis arises from hematogenous spread, often originating in pulmonary or genitourinary systems, and can lead to vertebral destruction, deformity, and neurological deficits. Diagnosis is confirmed through clinical symptoms, imaging (MRI and X-rays), and microbiological tests. Spinal TB typically presents with chronic back pain, stiffness, and systemic symptoms like fever, night sweats, and weight loss. Advanced cases may develop neurological complications, including radiculopathy and paraplegia. Identification and management are crucial to prevent long-term disability, such as kyphosis and neurological impairment. Management primarily involves long-term anti-TB therapy (9-12 months) and, in certain cases, surgical intervention. Non-operative approaches are preferred in early or stable cases, involving anti-TB drugs and spinal immobilization. Surgery becomes necessary for severe deformities, abscesses, or neurological compromise. Surgical approaches include anterior, posterior, or combined methods aimed at spinal stabilization and deformity correction. Despite advances, challenges remain in managing complications, such as neurological deficits and progressive deformities, which may require complex surgical solutions. Multidisciplinary care, including collaboration among orthopedic, neurological, and infectious disease specialists, is essential for optimizing treatment outcomes. Diagnosis, effective anti-TB therapy, and timely surgical intervention are key to improving patient outcomes and preventing permanent disability.
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[bookmark: _h58ju7bcyxnu][bookmark: _jucyz0qjph5z]1. INTRODUCTION
Tuberculosis (TB) is a significant global health issue, with 1.5 million deaths in 2020. TB is the 13th leading cause of death and the second leading infectious disease cause of death after COVID-19 1. It is estimated that 10 million people suffer from TB, with 1.1 million of them being children2. In Indonesia, the prevalence of TB is estimated to reach 647 per 100,000 population, with 10% being extra-pulmonary TB, and 1–5% experiencing osteoarticular TB, half of which are in the form of spinal tuberculosis3. Spinal TB, which occurs due to hematogenous spread, can lead to bone damage, deformity, and paravertebral abscess4,5. Diagnosis is supported by MRI, histopathology, and microbiology6, while the main treatment is long-term anti-TB therapy7. In certain cases, surgical intervention is necessary to address large abscesses, spinal instability, kyphotic deformity, or neurological deficits8. Proper management is crucial to prevent long-term deformities and neurological complications9.
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[bookmark: _Toc134695084]Figure 1. Gibbus Deformity was seen on Physical Examination and Confirmed with MRI (Garg and Somvanshi, 2011)10
.
2. EPIDEMIOLOGY
Tuberculosis (TB), once common worldwide, has shown a decline in prevalence in developed countries thanks to public health programs, improved nutrition, and advances in chemotherapy. However, in the last two decades, the incidence of TB, particularly extra-pulmonary TB, has increased due to factors such as aging, population movement, drug abuse, and AIDS. Manifestations in the skeleton often occur in the spine and large joints, although it can affect other bones or the synovial sheath. Predisposing factors include chronic disorders, diabetes, drug abuse, long-term corticosteroid use, AIDS, and impaired body defense mechanisms11. According to the WHO, global new TB cases exceed 8 million per year, with 20-33% of the world’s population infected. Indonesia contributes 583,000 new cases annually, with 262,000 infectious cases and 140,000 deaths3. In America, the incidence of extra-pulmonary TB reaches 4,000 cases per year, with the spine being the most frequently affected site, accounting for nearly half of extra-pulmonary TB cases12.

3. ETIOLOGY
Spinal tuberculosis generally occurs due to hematogenous spread from an existing infection focus outside the spine, with the pulmonary and genitourinary systems being the most common sources of infection. However, spinal tuberculosis can also arise from lesions in other parts of the skeleton. At the time of presentation, the primary focus of the infection may already be inactive. Spinal involvement can develop through direct spread from visceral lesions. Although *Mycobacterium tuberculosis* is the primary causative agent, other species of *Mycobacterium* can also cause this infection7. Salomon et al. identified three stages in the development process of tuberculosis, namely:
1. Primary Complex: This stage begins with a small lesion in the lungs, pharynx, or intestines that spreads through the lymphatic system to the regional lymph nodes, forming the primary complex. This initial infection often does not cause significant clinical symptoms, although it can lead to lymph node enlargement in the neck or abdomen. Despite being asymptomatic, the initial infection can persist in the healed or calcified lymph nodes, forming a bacterial reservoir that can cause reinfection with a more destructive immune response11.
2. Secondary Spread: If the body has low immunity, the infection can spread through the bloodstream, posing a risk of causing miliary tuberculosis, meningitis, or other tuberculosis lesions. This spread typically occurs several months to years after the initial infection, often when the body's immunity decreases. Mycobacterium bacilli can migrate and lodge in extra-pulmonary tissues, leading to the development of destructive lesions known as "tertiary lesions."
3. Tertiary Lesions: In approximately 5% of patients with tuberculosis, lesions involving bones or joints can occur. These lesions are often found in the vertebral bodies or large synovial joints. The difficulty arises in determining whether the infection started in the joint and spread to the surrounding bone, or vice versa, as both share the same blood supply and can be infected simultaneously11.





4. PATHOPHYSIOLOGY
[image: ]The responsible microbe is the *Mycobacterium tuberculosis* complex bacillus. There are 60 species of this bacillus that have been described, but only a few are associated with the clinical manifestations of the disease. The primary routes of infection are pulmonary or genitourinary, and 50% of all TB patients have a primary pulmonary focus or a history of pulmonary tuberculosis. Spinal tuberculosis is a secondary infection, which usually occurs through hematogenous spread. However, it is unclear whether spinal tuberculosis requires active disease elsewhere or if spinal tuberculosis implies that the patient is contagious13. Unlike most spinal infections, 95% of spinal tuberculosis begins in the anterior vertebral body. The infection spreads from arterial dissemination in the paradiscal area, or from the valveless venous plexus, the paravertebral Batson plexus, into the central vertebral body. The infection tends to spread subligamentously beneath the anterior longitudinal ligament and into the posterior vertebral body. The intervertebral disc is often the last to be affected due to the lack of proteolytic enzymes attached to the bacilli. Although in adults the vertebral body is almost always involved, children with more vascular discs may have the disease focus in the disc. If left untreated, bone involvement in spinal tuberculosis eventually destroys the anterior vertebral body, leading to kyphosis. Bone damage in the anterior elements is fragmentary in 47% of cases; osteolytic in 34%, subperiosteal in 30% of cases, and localized damage with sclerotic edges in 10%14.
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Figure 2. Bone damage to the anterior elements was fragmentary in 47% of cases; osteolytic in 34%, subperiosteal in 30% of cases, and localized damage with sclerotic edges in 10% of cases.




5. CLINICAL SYMPTOMS AND PHYSICAL EXAMINATION
Anamnesis plays a crucial role in suspecting the diagnosis of spinal tuberculosis, particularly in the early stages before radiological findings become evident. Patients typically present with the main complaint of chronic back pain that is progressive and does not improve with conventional treatment. The pain is often localized to one or two vertebral segments and may be accompanied by stiffness or paraspinal muscle spasms15. A history of systemic symptoms such as intermittent mild fever, weight loss, night sweats, and fatigue is often present, although not always. In advanced cases, patients may report neurological symptoms such as numbness, tingling, or weakness in the extremities due to compression of the spinal cord or nerve roots (radiculopathy and myelopathy). Risk factors to explore in the anamnesis include:
· A history of close contact with individuals suffering from pulmonary tuberculosis
· A history of latent or active tuberculosis
· Immunosuppression (e.g., HIV/AIDS, long-term corticosteroid use)
· Low socio-economic status16
Pain is most commonly found in the lower thoracic and upper lumbar regions, consistent with the predilection of spinal tuberculosis. The duration of the complaint is typically chronic, with an average onset lasting several weeks to months before the patient seeks medical attention13. Physical examination in patients with spinal tuberculosis usually reveals localized tenderness at the affected vertebral segment, accompanied by paraspinal muscle spasms and reduced mobility in the area. Gibbus deformity or angular kyphosis may be seen in advanced cases, especially if there is collapse of the anterior vertebral body. Signs of systemic infection, such as mild fever, night sweats, and weight loss, should also be noted. Neurological examination becomes crucial, particularly when there is compression of the spinal cord or epidural abscess. Neurological symptoms can include muscle weakness, decreased deep tendon reflexes, paresthesia, and even positive Babinski signs or clonus17.
In the thoracic and lumbar regions, spinal deformities and postural changes can be visibly apparent. If a cold abscess is present, local swelling may be palpable, especially in the lumbar or paravertebral regions. Palpation of the affected area may cause sharp pain, and in some cases, a soft mass may be found due to the abscess spreading into the surrounding soft tissues10.

6. DIAGNOSTIC EXAMINATION
Supporting examinations play a crucial role in confirming the diagnosis of spinal tuberculosis, especially to detect involvement of spinal structures and exclude other differential diagnoses. Radiological examination is the initial step commonly used. Plain X-rays of the spine can show characteristic findings, including damage to the anterior vertebral body, narrowing of the intervertebral disc, vertebral collapse, and gibbus deformity in advanced cases. However, the sensitivity of plain X-rays is limited in the early stages of the disease5.
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[bookmark: _Toc134695092]Figure 3. Plain X-ray Examination of the Spine (Garg and Somvanshi, 2011)10

Magnetic Resonance Imaging (MRI) is the preferred modality due to its high sensitivity and specificity in detecting vertebral infections and surrounding soft tissues, including paravertebral abscesses, epidural abscesses, and spinal cord compression. MRI can also help assess lesion activity and provide guidance for biopsy procedures. CT scans are useful for evaluating bone destruction in greater detail, identifying sequestra, and guiding needle biopsy. Tissue biopsy from the vertebral lesion (either through an open procedure or using imaging-guided biopsy needles) is the gold standard for confirming the diagnosis, with histopathological evaluation and *Mycobacterium tuberculosis* culture examination18.
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Figure 4 CT-Scan Examination of the Spine in Cases of Tuberculous Spondylitis (Rossell, Kim and Maness, 2025)9
[image: A close-up of a mri scan

AI-generated content may be incorrect.]
[bookmark: _Toc134695094]Figure 5. MRI Examination of the Spine in Cases of Tuberculous Spondylitis (Rossell, Kim and Maness, 2025)9

Laboratory tests also play a supporting role, such as3:
· ESR and CRP: Increased in the active phase.
· Mantoux test or IGRA (Interferon-Gamma Release Assays): Helps assess TB exposure.
· Molecular testing (GeneXpert MTB/RIF): Can rapidly detect TB DNA and rifampin resistance.

7. MANAGEMENT
Treatment of complex cases, tuberculous spondylitis or other chronic musculoskeletal conditions, can be carried out systematically through the following four-step approach19:

a) Step 1: Identify and Clarify the Problem
The first step is to analyze all clinical and non-clinical aspects that affect the patient's condition. This includes the patient's general health status, the presence of multiple lesions, instability, deformity, cold abscesses, pain, infection, pathological fractures, progressive kyphosis, neurological disorders, and systemic complications such as cardiovascular and pulmonary diseases. Socioeconomic and psychosocial factors should also be considered as they can influence the prognosis and adherence to therapy.

b) Step 2: Compile a List of Therapy Modalities
Once the problem is identified, the next step is to develop a list of possible therapies, ranging from conservative to aggressive approaches. These modalities include basic therapies such as medication and abscess drainage, as well as various surgical interventions such as costotransversectomy, thoracoscopic debridement, the Hong Kong method, anterior/posterior instrumentation, transpedicular or translational debridement, PLIF, TLIF, PLF, kyphotic deformity correction, cage fusion, and rehabilitation.

c) Step 3: Adjustment of Therapy Modalities
Once a list of therapeutic modalities has been compiled, the third step is to tailor the therapy to the patient's previously identified condition. This adjustment is made individually, with the goal of selecting the most effective treatment and appropriate for the patient's clinical condition and functional needs.

d) Step 4: Determining Alternative Therapies
The final step is to determine the most appropriate treatment alternative from the various available options. Therapeutic alternatives are selected based on an analysis of the patient's presenting problems and the available interventions, both conservative and surgical. This process results in one or more personalized treatment alternatives tailored to the patient's needs.
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Figure 6. Treatment Management Strategy for Tuberculous Spondylitis




Subroto Sapardan's Total Treatment
According to Subroto Sapardan, total treatment consists of ten therapeutic alternatives tailored to the patient's clinical condition. Therapy begins with non-surgical conservative management (the first alternative) and debridement and abscess evacuation in cases of large, stable abscesses (the second alternative). The Hong Kong method with an anterior approach is applied in the third alternative, while the fourth and fifth alternatives combine anterior and posterior approaches, with deformity correction in the fifth alternative. The sixth and seventh alternatives use a posterior approach, with deformity correction only in the seventh alternative. The eighth alternative is intended for severe kyphosis and requires bone shortening. The ninth and tenth alternatives involve distraction without shortening, with the ninth alternative being used for patients with neurological deficits or paralysis, and the tenth alternative for patients without neurological disorders20.
1. Alternative 1: Non-Operative Conservative
	• Anti-TB therapy and external support (brace)
	• For first-stage infections, good general condition, minimal complaints, or patients who refuse surgery.
2. Alternative 2: Debridement & Evacuation of Abscess Without Correction
	• Performed in cases of large abscesses with a stable spine
• Anterior/posterior debridement and evacuation of the abscess
• Deformity correction is not necessary.
3. Alternative 3: Hong Kong Method (Anterior Approach + Instrumentation)
	• Anterior debridement and fusion
• For anterior thoracic/lumbar tuberculous spondylitis with minimal kyphosis.
4. Alternative 4: Combined Anterior-Posterior Approach
• Debridement + fusion (two-stage approach)
• For unstable spine with severe pain
• Anterior for debridement, posterior for stabilization.
5. Alternative 5: Combined Anterior-Posterior with Kyphosis Correction
• Similar to Alternative 4, but with added kyphotic deformity correction
• For tuberculous spondylitis with rigid kyphosis, cervical-thoracic-lumbar region.
6. Alternative 6: Posterior Approach Without Correction
• Debridement and fusion from the posterior side
• For abscesses or accessible posterior instability without kyphosis correction
• Used primarily in the thoracic region.
7. Alternative 7: Posterior Approach with Moderate Kyphosis Correction (<75°)
• Focuses on deformity correction without osteotomy
• Correction with rod and screw manipulation techniques
• For lumbar infections with mild to moderate kyphosis.
8. Alternative 8: Posterior + Shortening Procedure
• Posterior approach with shortening
• For moderate kyphosis (75–89°), usually in the lumbar region
• Involves reduction of one or two vertebral segments.
9. Alternative 9: Posterior with Distraction for Neurological Deficits
• For severe kyphosis (>90°) with paralysis
• Distraction and deformity correction from the posterior side
• Applied to the cervical, thoracic, and lumbar spine.
10. Alternative 10: Posterior with Distraction for Cases Without Deficits
• Same as Alternative 9, but without neurological impairment
• The goal is to prevent neurological deficits
• Maximal correction of severe kyphosis21.
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Table 1. Alternative Total Treatment Subroto Sapardan

a) Non-operative Management
Non-operative management is the mainstay of treatment for tuberculous spondylitis, especially in cases without severe neurological deficits, vertebral instability, or progressive deformity. The mainstay of therapy is long-term anti-tuberculosis chemotherapy (OTT), which aims to eradicate the infection, prevent disease progression, and allow bone healing1. Standard WHO recommendations and various clinical guidelines suggest a ATT regimen of at least 9–12 months, with an initial intensive phase using a four-drug combination (isoniazid, rifampin, pyrazinamide, and ethambutol) for 2 months, followed by a continuation phase with two drugs (isoniazid and rifampin) for 7–10 months. The duration of therapy can be extended in cases with a slow response, large abscesses, or mild neurological involvement12. The Indonesian Pulmonary Association has formulated an ATT therapy regimen for TB patients. For category I, namely new cases of pulmonary TB, new cases with extrapulmonary TB, including spinal TB, are given 2 HRZE (HRZS) initial phase followed by 4HR continuation phase, or 2HRZE(HRZS) initial phase followed by 4H3R3 continuation phase, or 2RHZE(HRZS) initial phase followed by 6HE continuation phase. The regimen can be extended according to the patient's clinical response. Meanwhile, for category II, namely cases of treatment failure, relapse, drop-out, are given 2RHZES initial phase followed by 5HRE continuation phase, or 2HRZES initial phase followed by 5H3R3E3 continuation phase22.
In addition to chemotherapy, relative rest and spinal immobilization through the use of a brace (such as a thoracolumbosacral orthosis/TLSO) can help reduce pain, support stabilization of the affected spinal segment, and prevent deformity progression. Gradual mobilization is recommended as clinical improvement and signs of inflammation decrease23. Regular monitoring through clinical examination, laboratory (ESR/CRP), and imaging (such as serial MRI) is needed to evaluate the response to therapy. Surgical intervention is considered only if conservative therapy fails, there is a progressive neurological deficit, or significant structural instability occurs5.

[image: ]
Table 2. Recommended Dosage of OAT for children (under 12 years) and adults

b) Operative Management
Operative management of tuberculous spondylitis is indicated in selected cases, particularly when non-operative treatment is inadequate or when structural or neurological complications are present. The decision to perform surgery is made when the ESR and body temperature return to normal, or when both have decreased significantly, and anemia and hypoproteinemia have been completely corrected or the neurological deficit has improved.
The main indications for surgery include24:
• progressive neurological deficit (Frankel grade A/B paraplegia or Frankel grade C/D paraplegia that does not respond to medical treatment within 3-4 weeks);
• epidural abscess or cold abscess formation;
• destruction of more than 50% of the vertebral body;
• severe kyphotic deformity;
• unbearable pain;
• persistent infection that does not respond to conservative treatment.

The primary goals of surgery are spinal cord decompression, debridement of necrotic tissue, abscess evacuation, deformity correction, and spinal stabilization through fusion and internal fixation. Surgical techniques can be performed using an anterior, posterior, or a combination of both approaches, depending on the location of the lesion, the extent of the damage, and the presence of an abscess25.
The anterior approach is commonly used in cases involving vertebral body collapse, with procedures such as corpectomy and cage or bone graft placement. The posterior approach is more appropriate for lesions involving posterior structures or when additional stabilization is required. A combined anterior-posterior approach is often chosen for severe cases with multi-segment destruction and sharp kyphotic deformity. Surgical management is still accompanied by long-term anti-TB chemotherapy, both before and after surgery, to control active infection and prevent recurrence26.
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Figure 7. Surgical Technique with Anterior Approach (Corpectomy)
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Figure 8. Posterior Approach Surgical Technique with Fusion
[image: A diagram of a flowchart

AI-generated content may be incorrect.]
Figure 9. Management Algorithm in Cases of Tuberculous Spondylitis (Paramarta et al., 2016)12

8. Complication
Untreated tuberculous spondylitis can lead to serious complications, both from infection and structural deformities and neurological involvement. The main complication is neurological deficits due to compression of the spinal cord or nerve roots by epidural abscesses, granulomatous tissue, or bone fragments, which can cause paresthesias, paraparesis, and even Potts' paraplegia, which can be irreversible if not decompressed11,27. Furthermore, progressive kyphotic deformity and spinal instability can disrupt posture and biomechanical function, even leading to lung compression. Undrained abscesses can also lead to fistulas or secondary superinfection15. Long-term treatment can cause side effects of anti-TB drugs such as hepatotoxicity and gastrointestinal disorders, especially in patients with comorbidities or poor nutritional status28.

9. [bookmark: _jpxqd0fwy10t]CONCLUSION
Tuberculous spondylitis is the most common manifestation of tuberculosis infection in the spine, characterized by vertebral body destruction, disc collapse, and paravertebral abscesses. Diagnosis requires clinical and radiological assessment, along with histopathological or microbiological confirmation. Management includes long-term anti-tuberculosis therapy and surgical intervention if instability, deformity, or neurological deficits are present. Early detection is crucial to prevent permanent complications such as paraplegia. Multidisciplinary collaboration between orthopedic, neurologic, and infectious disease specialists is essential to provide optimal treatment and improve patients' quality of life. Prevention through general TB control remains a key pillar. This research is generally expected to increase public knowledge and can be implemented directly and specifically to researchers regarding the latest definitions of epidemiology, diagnosis and management of tuberculosis.
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Fig. 2. The bony destruction of the anterior elements is fragmentary in
47% of the cases; osteolytic in 34%, subperiosteal in 30% cases, and local-
ized destruction with sclerotic margins in 10%.

paravertebral tissue [16]. The effects of these cold
abscesses are largely related to mass effect, not inflamma-
tion. The effects are variable depending on location
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into early onset or late onset [19]. Early onset neurologic
deficits occur while the infection is active and untreated
and are caused by cord compression by mass effect of a
cold abscess, caseous tubercular debris, or granuloma.
Mechanical instability of the spine caused by structural
destruction of the vertebral column can also occur.
Mechanical compression of the spinal cord makes it more
susceptible to injury from a mechanical instability event.
The cord itself can become infected, and cord edema can
also be responsible for neurologic deficits. In rare instances,
arteritis of the spinal artery can result in thrombosis and
ischemia of the spinal cord [5,12,13,18,19].

Neurologic deficits can also occur after treatment and
healing of the tubercular lesions. Such events can occur
years to even decades after active disease. Fibrosis of the
dura can cause compression of the cord and make it more
susceptible to injury and paralysis. However, the more
common cause of late neurologic changes are the severe
kyphotic deformity that can result for spinal tuberculosis
[5.18—=20]. The deformity itself can result in spinal cord
compression. It can also result in secondary bony bridging
within the canal, which can lead to cord transection [12].

Kyphotic deformity as a late sequela of spinal tuberculo-
sis is a critical component of the natural history of spinal
tuberculosis [21—25]. The kyphosis is initially caused by
the anterior structural destruction of the vertebral body.
This destruction is halted by medical treatment of the dis-
ease. The magnitude and location of vertebral body col-
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