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Chapter 7
Tuberculous Spondylodiscitis

Ayse Batirel

7.1  Introduction and Epidemiology

According to the global tuberculosis (TB) report 2016 of the World Health 
Organization (WHO) (http://www.who.int/tb/publications/global_report/gtbr2016_
executive_summary.pdf?ua=1), the number of the estimated new TB cases world-
wide was 10.4 million (56% of them were men), and the estimated number of deaths 
due to TB was 1.4 million in 2015. TB still remained among the top ten causes of 
death worldwide in the same year. “Tuberculous spondylodiscitis (TS)”/“spinal 
tuberculosis (ST)” and “Pott’s disease” are synonyms which refer to the infection of 
the vertebral bones by Mycobacterium tuberculosis. Nontuberculous mycobacteria 
(NTM) rarely cause vertebral osteomyelitis [1, 2]. Before the description of tubercle 
bacillus by Robert Koch in 1882, Pott’s disease was first defined by Sir Percivall 
Pott in 1779 based on the clinical presentation of a patient with spinal deformity and 
paraplegia [3]. Musculoskeletal TB accounts for approximately 10% of extrapulmo-
nary TB cases and 1–5% of all TB cases [1, 4–6]. ST is the most common form of 
skeletal TB (accounts for about half of the cases) followed by tuberculous arthritis 
and extraspinal tuberculous osteomyelitis [7–10]. Male population is slightly more 
at risk of developing ST. More than half of the patients are men [11]. Mean age of 
the patients is 40–50  years (range: 8–60  years). In endemic areas, it occurs in 
younger subjects, whereas in non-endemic regions, it occurs mostly in adults [11, 
12]. ST is endemic in most of the developing countries. During the 10-year period 
(from 2002 to 2011), the incidence of ST has significantly decreased in the 
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USA. However, although it is not common, it still remains a public health issue [13]. 
In recent decades, its incidence – in context with the total TB incidence – in devel-
oped countries has been on the rise due to HIV-infected patients, immigrants from 
TB-endemic countries [11]. The incidence of ST among HIV-infected patients is 
comparable to that in HIV-uninfected patients [1, 12, 14]. The history of ST goes 
back to Egyptian mummies with lesions in skeletal bones. Mycobacterium tubercu-
losis complex DNA was detected in specimens from bone lesions of mummies 
[15–17].

It is a serious public health problem because the diagnosis of this destructive 
form of TB is usually delayed due to its indolent course. Delayed diagnosis and 
treatment result in permanent sequelae such as deformities and neurological deficits 
[1]. It is still an ongoing cause of mortality and morbidity in the twenty-first century 
despite advances in diagnostic tools and treatment [18].

7.2  Pathogenesis and Pathophysiology

Hematogenous seeding to bones occurs during the course of primary infection. 
Local adaptive immune responses play a role in the confinement of primary infec-
tious foci. Contiguous spread from a primary focus or development of infection via 
lymphatic drainage is very rare. Predisposing conditions such as immunosuppres-
sion, advanced age, HIV infection, malnutrition, or chronic renal failure may lead 
to reactivation of latent infection in those foci in vertebral bones [19, 20]. Both 
osteomyelitis and arthritis occur in the context of ST. The initial site of infection by 
tubercle bacilli is the growth plate, followed by the inflammation of intervertebral 
joint, and then the infection spreads to involve the two adjacent vertebral bodies 
[21]. Invasion of end arteries leads to bone destruction. In case of contiguous 
involvement of the intervertebral disc as in so-called spondylodiscitis, vertebral col-
lapse may take place. Sometimes, the avascular intervertebral disc is spared, in 
which case the term “spondylitis” is preferred. Cold abscesses around vertebral 
structures may develop. Drainage of the infectious focus into psoas muscle causes 
myositis and then psoas abscess may develop. Interferon-gamma, CD4+, and CD8+ 
T lymphocytes are the vital elements of the cellular immune response to TB [22]. 
Other than lymphocytes, epitheloid histiocytes, giant cells, plasma cells, and fibro-
blasts can be observed in histopathological specimens of the infected focus. Either 
exudative caseous necrosis destroys the bone tissue or granulation reaction occurs. 
Healing process usually happens with fibrous tissue formation and calcification. In 
contrast to pyogenic osteomyelitis, periosteal reaction or bone regeneration with 
sclerosis does not take place in ST [23]. Mostly, the anterior portion of the vertebral 
body is involved [24]. Collapse of the anterior parts of the vertebral bodies leads to 
“Gibbus deformity” (kyphosis associated with Pott’s disease). The thoracic and 
lumbar vertebrae are most commonly involved in ST [25, 26].
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7.3  Clinical Manifestations

The clinical presentation is insidious and the early phase of the disease is indolent 
[1]. In a multinational, multicenter study including 314 patients with ST, the median 
duration from the onset of symptoms to diagnosis has been reported to be nearly 
2.5 months [27]. In another study from Europe, the median duration of symptoms 
before diagnosis was 4 months [28]. The most common symptoms are back pain or 
pain in the involved area [12]. The severity of pain increases over time. Muscle 
spasm around the involved vertebrae may occur. Fever, weight loss, and night 
sweats are uncommon constitutional symptoms present in less than half of the 
patients, more commonly in advanced disease [29]. But, in the largest case series of 
967 patients with ST reported from China, fever and night sweats were common 
presenting symptoms after back pain [26]. On physical examination, local tender-
ness over the spinous processes, severe pain induced by range of motion test, and in 
advanced cases kyphosis and neurologic symptoms such as numbness, tingling, 
weakness, and even paraplegia may be present. In the largest case series of 967 
patients with ST from China, neurological involvement was present in 1/3 of the 
patients [26]. In another study conducted in France, half of the patients had neuro-
logic symptoms and signs [28]. Wang H et  al. have reported the frequencies of 
sensory and motor deficits as 54% and 28%, respectively, in their study including 
329 patients with ST [30]. Neurologic deficit is usually reversible if early diagnosis 
and prompt treatment with urgent decompression can be performed at presentation 
[31]. Typical presentation of the disease includes back pain, gibbus deformity, para-
plegia, or paraparesis. Atypical presentation involves epidural abscess without sig-
nificant anterior vertebral involvement, noncontiguous multiple segments of the 
vertebral column, bilateral psoas abscesses, involvement of posterior segments of 
the vertebral column only, and sacral ST [32–34].

Thoracic vertebrae are the most commonly involved site, followed by lumbar 
and cervical spinal vertebrae in decreasing frequency [12]. In a large case series 
from Pakistan, the frequencies of the involved vertebral levels have been reported as 
dorsal spine (45%), followed by lumbosacral spine (33%), cervical spine (10%), 
and multiple levels (12%) [11]. Sharma A et al. have evaluated the clinical charac-
teristics of 312 patients with ST. In their study, thoracic vertebrae were most com-
monly (46%) involved followed by thoracolumbar vertebrae (28%). In 80% of the 
patients, only one or two adjoining vertebrae were affected [35]. In immunocom-
promised patients (such as HIV-infected subjects) multiple vertebral lesions may be 
seen. NTM infection usually presents with widely spread lesions in the spine in 
older and/or immunosuppressed patients [36]. The most common NTM isolated as 
the cause of ST was M. avium complex (MAC) followed by M. xenopi, regardless of 
HIV infection. In HIV-infected patients, ST caused by NTM occurred at a younger 
age. Half of the patients with ST due to NTM had any form of immunosuppression, 
while 15% had a history of surgery or trauma. Surgery was indicated in 2/3 of those 
patients [37].
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Neurologic symptoms develop early in the course of cervical ST [38]. 
Retropharyngeal abscess may the presenting sign of cervical ST [2, 39]. Tuberculin 
skin test (TST) was positive in ¾ of the patients with ST [27]. QuantiFERON(®)-TB 
Gold In-Tube test, which is an interferon-gamma releases assay (IGRA), was positive 
in 75% of patients [40]. Concomitant pulmonary TB has been reported in 3–14% of the 
cases [26, 27, 31]. Therefore, chest radiography is not useful for the diagnosis of 
ST. But it should always be obtained to rule out pulmonary tuberculosis which requires 
isolation of the patient with acido-resistant bacilli (ARB)-positive sputum production. 
Also, pulmonary involvement may facilitate the diagnosis of ST.

Because of delayed diagnosis, vertebral body collapse can lead to kyphosis or 
“Gibbus deformity” which is a form of structural kyphosis that may cause spinal 
cord compression. The cause of paraplegia is spinal cord compression either by 
gibbus deformity or osteophytes. Spinal cord compression may be present at the 
time of diagnosis in 40–70% of cases [41]. The most common complications of ST 
are paraplegia and quadriplegia depending on the nerve roots affected at the 
involved spinal level and spinal deformity (kyphosis or scoliosis). Compression 
fractures may also occur in untreated cases. Gibbus deformity causing spinal sub-
luxation may cause such neurologic deficits due to spinal cord compression. If 
there is any motor deficit at the time of presentation, it is unlikely to recover com-
pletely despite therapy.

Paravertebral “cold abscess” (soft tissue mass) develops in most of the cases. 
Calcification of paravertebral abscesses may occur. Psoas muscles may be involved 
by spread of the infection [7]. M. tuberculosis is a quite common cause of psoas 
abscess in TB-endemic countries. In comparison to brucellar and pyogenic verte-
bral osteomyelitis, ST more commonly causes neurologic deficit, spinal deformity, 
and paravertebral abscesses. Also, thoracic vertebrae are more commonly involved 
in ST [42]. Involvement of noncontiguous multisegmental vertebrae without inter-
vertebral discs is an atypical form of ST which is quite rare (3–16%) [11, 26, 27, 
43, 44]. It may resemble malignant diseases [32, 44]. Symptoms and signs of ST 
and their frequency in patients diagnosed with ST are listed in Table 7.1.

Table 7.1 Symptoms and signs of ST [1, 3, 27, 28]

Frequency

Chronic back pain 58–87%
Local spinal tenderness 21%
Fever 31–48%
Weight loss 41–48%
Night sweats 18–49%
  Cold abscesses
  Paraspinal
  Psoas

69%
59–63%
22–29%

Kyphosis/gibbus deformity 46%
Neurologic deficit 40–56%
Weakness of the lower extremities 69%
Paraplegia 10–25%
Spinal instability 21–33%
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7.4  Diagnosis

Because of the indolent presentation, the diagnosis is usually delayed. Prompt diag-
nosis is required to start appropriate therapy on time to prevent permanent sequelae 
development. Therefore, a high index of suspicion of ST based on epidemiological, 
past medical and/or contact history, clinical clues, and characteristic imaging find-
ings is of paramount importance in earlier diagnosis [1, 12]. Especially in HIV- 
infected patients, no other symptoms or signs may be present. In TB-endemic 
countries, skeletal pain may lead to consideration of ST at initial presentation. 
However, in developed countries with low TB incidence, the diagnosis may be over-
looked and delayed.

Imaging modalities [plain radiography, computed tomography (CT), and mag-
netic resonance imaging (MRI)] are useful tools to consider ST. Early in the course 
of the disease, radiography is not sensitive in diagnosis. Pathologic findings on radi-
ography firstly occur in the anterior aspect of a vertebral body with reactive sclero-
sis, the vertebral end plate becomes demineralized [45]. Subsequent involvement of 
the adjacent vertebra leads to anterior wedging. Calcifications in abscesses can also 
be demonstrated on radiography [46]. But, radiography is not helpful early in the 
course of ST for diagnosis [47]. Bone sclerosis and destruction, lytic lesions and 
collapse of the intervertebral disc, destruction of the adjacent vertebral corpus, epi-
dural extension (present in more than 60% of the patients), and calcifications of 
abscesses can be visualized on CT [48, 49]. CT can also be used as a guidance for 
FNAB and percutaneous drainage. Diagnostic yields of CT-guided bone biopsy for 
ST are 60–80% and were comparable to surgical biopsy [28, 50]. Specificities of 
CT-guided biopsy for pathogen detection were 83% and 91% in epidural infiltration 
and paravertebral abscesses, respectively [51].

MRI is the most sensitive imaging method in the diagnosis of ST. Destruction of 
the anterior portion of the vertebral body, anterior wedging, and paravertebral cold 
abscesses seen on MRI favor the diagnosis of ST [11, 46]. Contrast-enhanced MRI 
also reveals compression of the nerve roots or the spinal cord [52, 53]. MRI is supe-
rior to other imaging modalities in diagnosis of ST because of its high-contrast soft 
tissue resolution, imaging in multiple planes, and high sensitivity to detect early 
infiltration in bone marrow [11]. On T1-weighted images, hypointense vertebral 
bone marrow, reduced disc height, paraspinal soft tissue masses, and epidural exten-
sion of the inflammation can be demonstrated. On T2-weighted images, involved 
vertebral bodies, intervertebral discs, and soft tissues are seen as isointense or 
hyperintense areas [11]. Majority (85%) of the patients have typical MRI findings at 
presentation [35]. Epidural/paraspinal abscesses on MRI usually favor tuberculous 
spondylitis rather than pyogenic spondylitis [54, 55]. Radiographic features of ST 
are summarized in Table 7.2. MRI images of three different patients diagnosed with 
Pott’s disease are shown in Figs. 7.1a–c, 7.2a,  b, and 7.3a, b.

The diagnosis is established by microbiological and/or histopathological exami-
nation of the involved tissues and affected parts of the skeleton obtained by CT or 
ultrasound (US)-guided fine-needle aspiration and biopsy (FNAB) [52]. However, 
FNAB was inadequate for diagnosis in 27% of cases [56]. Microbiological 
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Table 7.2 Radiographic features of tuberculous spondylitis

Radiographic features
Involvement of adjacent vertebral bodies
Involvement of multiple vertebral levels
Demineralization of vertebral end plate
Lytic destruction of anterior portion of vertebral body
Sparing of the intervertebral disc
Disc space narrowing due to disc destruction
Anterior wedging of vertebrae
Vertebral body collapse
Subligamentous spread of infection
Paravertebral abscess
Psoas muscle involvement or abscess
Heterogenous signal intensity and rim enhancement on MRI

Adapted from reference [42] and [46]

Fig. 7.1 (a) T1W sagittal image: Bony destruction at thoracic T10 and T11 vertebrae due to Pott’s 
disease, paravertebral extension of soft tissue component composed of granulation tissue, an 
abscess is seen between T10-T11 vertebral bodies with intraosseous component, destructing end 
plates. There is also spinal canal narrowing and significant cord compression due to bulging of 
posterior margin of destructed T11 body. (b) T1W sagittal image (post-contrast): Contrast enhance-
ment of destructive lesions of Pott’s disease is seen at thoracic T10 and T11 vertebrae. (c) T2W 
sagittal image: Typical bony destruction at thoracic T10 and T11 vertebrae, paravertebral extension 
of soft tissue component, an abscess is seen between T10-T11 vertebral bodies, destructing end 
plates. There is also spinal canal narrowing and cord compression due to bulging of posterior mar-
gin of destructed T11 body (compressive myelopathy)
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Fig. 7.2 (a) T1W sagittal image (post-contrast). Height of the vertebral bodies decreased in mul-
tiple levels and intervertebral joint spaces narrowed due to Pott’s disease. A spinal tuberculoma can 
be seen in the distal spinal cord at the level of thoracic T11 vertebra. It shows contrast enhancement 
peripherally in post-contrast series image. (b) T2W sagittal image: The spinal tuberculoma at the 
level of thoracic T11 vertebra is seen as hypointense centrally and hyperintense peripherally

Fig. 7.3 (a) T1W sagittal image: Involvement of end plates and bodies of lumbar L2 and L3 ver-
tebrae and L2 and L3 intervertebral disc due to Pott’s disease. (b) T1W axial post-contrast image: 
A psoas abscess with contrast enhancement peripherally which developed secondary to Pott’s 
disease of lumbar vertebrae at the right paravertebral area can be seen
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 examination includes microscopy of acid-fast bacillus (AFB) stained specimen and 
mycobacterial culture. Microbiologic diagnosis can be established in ¾ of the 
patients if appropriate specimens can be obtained [12]. If the mycobacteria can be 
isolated in TB culture, drug susceptibility testing is essential to prescribe optimal 
therapeutic regimen [57–59]. Culture of the material from draining sinuses may 
show colonizing microorganisms. Deep bone or soft tissue material is necessary for 
the correct diagnosis of causative pathogen. If CT- or US-guided FNAB reveals 
caseating granulomas and AFB, the diagnosis of ST is confirmed. Other granuloma-
tous diseases such as brucellosis, fungal infection, infection with nontuberculous 
mycobacteria should be considered in the differential diagnosis of ST. Although 
currently not FDA-approved for use in extrapulmonary TB, molecular diagnostic 
methods such as nucleic acid amplification can be used to improve the diagnostic 
probability. They have promising results in diagnosis of musculoskeletal TB, but 
they lack sensitivity despite having high specificity [59–61]. Furthermore, in TB 
highly endemic countries, availability of the rapid automated growth systems and 
molecular tests such as Xpert MTB/RIF assay to detect nucleic acids and rifampin 
resistance may be limited [60]. The sensitivity and specificity of Xpert MTB/Rif 
assay are 62% and 100%, respectively [62].

In resource-limited countries with high TB endemicity, the diagnosis of ST is 
usually based on epidemiological, clinical, and radiological features. Erythrocyte 
sedimentation rate (ESR) is usually elevated in more than 80% of the patients as in 
other forms of osteomyelitis [63].

7.5  Differential Diagnosis

The differential diagnosis of ST includes other subacute or chronic granulomatous 
and non-granulomatous infections of the vertebrae caused by Brucella spp., Candida 
spp., other endemic fungi, Actinomyces spp., Burkholderia pseudomallei (melioido-
sis), and some bacteria such as Staphylococcus aureus [64]. Epidemiological fea-
tures should be considered in the differential diagnosis of infectious etiology. In 
comparison to brucellar spondylodiscitis, ST presents with suppurative abscess for-
mation requiring surgical drainage and spinal complications more commonly [65]. 
Noninfectious diseases such as spondyloarthropathy, degenerative processes, osteo-
porotic collapse of vertebral bodies, traumatic fractures, and especially primary or 
metastatic malignancy may mimic ST [7, 66].

7.6  Treatment

The main objectives of treatment are immediate relief of the symptoms (pain, para-
paresis, and paraplegia), restoration of neurological and motor function, prevention 
of development of permanent long-term sequelae, and eradication of the infection. 
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Early diagnosis and prompt treatment with appropriate anti-TB drug regimen can 
prevent the development of sequelae such as neurologic deficit and spinal defor-
mity. The principles of pulmonary TB treatment either for drug-susceptible or drug-
resistant Mycobacteria are also valid for extrapulmonary TB forms [67]. Modern 
management strategies of ST have been defined by the British Medical Research 
Council group which organized randomized trials in patients with ST [68]. A large 
number of patients were enrolled in those trials, but patients with cervical ST were 
not included because of its low incidence. Treatment recommendations for patients 
with cervical ST are mostly based on case series studies [69–71]. Rifampin-based 
anti-TB treatment for longer courses plus anterior approach surgery when indicated 
resulted in full recovery in most of the patients with cervical ST. A laminectomy is 
not as effective in relieving cervical spinal cord compression. Moreover, because of 
the risk of instability of the cervical spine, it is not recommended [69]. Also, patients 
with myelopathy were excluded. However, in another study, medical treatment was 
sufficient for functional or complete resolution of myelopathy [72].

Antituberculous Therapy Medical therapy with anti-TB drugs only is sufficient in 
most of the patients without any neurological deficit. Standard anti-TB drug combina-
tion of isoniazid, rifampin, and pyrazinamide, with or without ethambutol given for 6, 
9, or 12 months plus surgery when indicated, constitutes the mainstay of treatment of 
ST. Selection of the antituberculous (anti-TB) drug regimen differs whether or not the 
Mycobacteria are drug-resistant and whether the patient is HIV-infected or not. The 
optimum duration of antimicrobial therapy is uncertain and depends on the suscepti-
bility of isolated Mycobacteria and the composition of the anti-TB drug regimen. 
Longer treatment duration (12–18  months) has been recommended previously for 
ST. However, it has been shown that 6–9 months of therapy with rifampin- based first-
line anti-TB drugs (i.e., isoniazid plus rifampin for 6 months and streptomycin for the 
first 3  months) combined with surgical excision and bone grafting is sufficient in 
patients with susceptible mycobacteria and good response to therapy [7, 73, 74]. Six-
month, 9-month, and 18-month regimens after radical surgical debridement gave out 
similar results. No recurrence or reactivation of TB was observed in patients receiving 
any of the three regimens [73]. In selected patients who underwent surgical interven-
tion including thorough debridement, bone grafting, and internal fixation, even an 
ultra-short-course therapy of 4.5 months was as successful as a 9-month therapy [75]. 
In contrast, a retrospective study reported a high rate (62%) of relapse with a 6-month 
of therapy, while no relapse was observed with 9 month course of treatment [74]. Nine 
to 12 months of therapy are necessary in advanced cases with poor therapeutic 
response, multidrug-resistant tuberculosis (MDR-TB) [67, 76]. Osteoarticular multi-
drug-resistant tuberculosis (MDR-TB) has rarely been reported in the medical litera-
ture. A favorable clinical outcome can be achieved with second-line antituberculous 
drugs and surgery when indicated in those cases [77].

Immobilization by bed rest and/or body casts/orthosis is recommended for 
patients with ST of thoracolumbar junction and more than 50% loss in vertebral 
height and those who have severe pain. Konstam and Blesovsky reported an ambu-
latory treatment without immobilization or bracing and medical therapy with at 
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least 12 months course of isoniazid and p-aminosalicylic acid (PAS) for ST [78]. 
Surgery was performed in only a small percentage of patients who needed abscess 
drainage. Eighty-six percent of patients recovered completely with chemotherapy 
alone.

CDC, Infectious Diseases Society of America (IDSA), and American Thoracic 
Society (ATS) guidelines for treatment of spinal TB recommend medical rather than 
surgical treatment in uncomplicated cases [67], because surgical debridement in 
combination with medical treatment did not provide any additional benefit com-
pared to medical treatment alone in uncomplicated cases [72, 79]. In a systematic 
review and meta-analysis, medical management of spinal epidural abscess failed in 
nearly 30% of the cases and required surgery [80].

Surgical Therapy There is heterogeneity in the percentage of patients who 
required surgery [12]. In approximately 2/3–3/4 of the patients, surgery may be 
necessary [26, 81]. Medical treatment alone was implemented in 1/3 of the patients, 
while diagnostic and/or therapeutic surgical intervention was required in the remain-
ing 2/3 [27].

The indications for surgery include kyphosis >40 degrees at presentation 
(kyphotic angle is measured from lateral spinal X-ray using the modified Konstam 
method) or progressive kyphosis, neurologic deficits due to spinal cord compression 
in advanced cases, progression of neurological deficits despite appropriate therapy 
(ongoing deterioration)/poor response to chemotherapy, drainage of cold abscesses, 
spinal instability, and diagnostic purposes in patients with nondiagnostic FNAB 
results. Surgery should be performed early in patients with acute neurological 
impairment and instability of the spinal column. It may be delayed in clinically and 
neurologically stable patients [67, 68, 82–85].

The purposes of surgical therapy are debridement and removal of infected tis-
sues, relief of pain, and improvement of neurological deficits by decompression and 
spinal stabilization, correcting any deformities and restoring function [1]. Surgical 
therapy includes debridement of infected material, drainage of abscesses if present, 
decompression, bone grafting, and spinal stabilization by hardware use [85, 86]. 
Depending the portion of the vertebral body and the vertebral level involved, 
whether cold abscesses are present or not, different surgical approaches have been 
described [87–89]. In early phase of the disease, posterior stabilization with hard-
ware instrumentation is performed to prevent kyphosis. Anterior surgical approach 
is preferred in some cases who present with spinal deformity late in the course of 
the disease to prevent progression of the deformity [68]. Hodgson et al. reported a 
success rate with anterior approach surgical decompression by resection and autolo-
gous bone grafting and anti-TB chemotherapy [90]. Reconstructive surgery for cor-
rection of spinal deformities (e.g., kyphosis) may be needed in some cases after 
completion of anti-TB therapy. Hardware use may be required for stabilization of 
the vertebral column [89]. Patients with neurological symptoms and/or destructive 
bone lesions of the thoracic or lumbar vertebrae may benefit from minimally inva-
sive surgical interventions such as video-assisted thoracoscopic anterior surgery 
[91, 92]. The need for surgery in treatment of musculoskeletal tuberculosis  involving 
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other parts of the skeleton is not always clear [79]. Therefore, surgery is not war-
ranted routinely in all cases of ST [93, 94].

Neurological motor deficit has been graded in four categories as Grade1, negli-
gible; Grade 2, mild; Grade 3, moderate; and Grade 4, severe (including sensory and 
autonomic dysfunctions). Conservative treatment is recommended in Grade 1 and 
2; surgical therapy is favored in Grade 4. Grade 3 patients remain in gray zone in 
which there is no consensus on decision of therapeutic modality [95].

Management of ST in HIV-negative and HIV-infected patients does not differ 
[95]. But monitorization for immune reconstitution inflammatory syndrome (IRIS) 
is highly recommended in HIV-infected patients receiving concomitant anti-TB 
therapy for ST and antiretroviral treatment (ART) for HIV infection. After initiation 
of ART, paradoxical progression of clinical and laboratory findings of TB should 
alarm for the development of IRIS. IRIS presents with new clinical manifestations 
and/or imaging findings, or reappearance of resolved signs or symptoms [96, 97].

For surgical treatment of thoracic and lumbar ST, either anterior or posterior 
approach surgery may be preferred, but posterolateral approach allows better cor-
rection of the kyphotic angle and improvement in back pain [98]. However, pos-
terolateral surgery takes more operative time and causes more blood loss and 
postoperative sinus formation [99–101]. Furthermore, patients who have not 
improved after posterior approach surgery may need anterior approach surgery 
[88]. For the treatment of thoracic and thoracolumbar ST, single-stage transpe-
dicular debridement, posterior instrumentation, and fusion have been reported to 
be effective with satisfactory long-term postoperative outcomes [102]. In patients 
with single- segment spinal tuberculosis, use of titanium mesh cages resulted in 
comparable clinical efficacy with autologous iliac bone grafts. They can also be 
used in surgical treatment of multi-segment spinal tuberculosis with good clinical 
efficacy [103]. In thoracic ST with multilevel contiguous vertebral involvement, 
posterior instrumentation was more useful for durable correction of kyphosis [99]. 
Also, posterior surgical approach is effective in treatment of lumbosacral spinal 
TB [104, 105].

Monitorization of Response to Therapy Clinical response is assessed by resolu-
tion of the symptoms and signs and improvement of sensory and motor neurological 
functions. Inflammatory markers such as C-reactive protein (CRP), ESR have a 
limited role in evaluation of response to therapy. A two-third reduction in serial ESR 
measurements and decrease in CRP levels within 6  weeks in the postoperative 
period may indicate good response to therapy and rapid neurological recovery 
[106]. Despite appropriate therapy, radiological findings may resolve lately in the 
course of disease, even progression may be observed. Thus, repeated serial imaging 
studies are not recommended [107]. Mild weakness/improved muscle power, lower 
paraplegia scores, sensory-evoked potentials (SEPs), and motor-evoked potentials 
(MEPs) were the predictors of 6-month favorable outcome in patients with paraple-
gia due to Pott’s disease [108]. Follow-up of the patients should continue until at 
least 1–5 years year after completion of treatment to determine long-term outcome 
of therapy.
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7.7  Prognosis

Favorable outcome in ST can be defined as “full physical activity of the skeleton 
with clinical and radiological improvement of the disease, with no functional 
impairment.” Levels of vertebral involvement, the score of the patient according to 
American Spinal Injury Association Impairment Scale (AIS grade) at presentation, 
and bladder and bowel involvement affect the final outcome of neurological 
improvement significantly [35].

Two percent mortality has been reported by Turgut M et al. and by Batirel A et al. 
in their study including a total of 694 cases and 314 cases with ST, respectively [27, 
31]. Permanent sequelae have been reported in ¼ of the patients due to delayed 
diagnosis. The most common sequelae (4–11%) were kyphosis/gibbus deformity, 
scoliosis, paraparesis, paraplegia, and loss of sensation [27]. Older age, presence of 
spinal deformity, and neurologic deficit were found to be predictors of unfavorable 
outcome [27].

Acknowledgment I would like to thank to Prof. Dr. Sinan Cakirer from Department of 
Radiodiagnostics in University of Health Sciences Kartal Dr.Lutfi Kirdar Education and Research 
Hospital and Assist. Prof. Dr. M. Erdem Yildiz from Department of Radiodiagnostics in Acıbadem 
University Altunizade Hospital for their contribution in explanations of MRI scan figures of Pott’s 
disease used in this chapter.

References

 1. Trecarichi EM, Di Meco E, Mazzotta V, Fantoni M. Tuberculous spondylodiscitis: epidemi-
ology, clinical features, treatment, and outcome. Eur Rev Med Pharmacol Sci. 2012;16(Suppl 
2):58–72.

 2. Neumann JL, Schlueter DP. Retropharyngeal abscess as the presenting feature of tuberculosis 
of the cervical spine. Am Rev Respir Dis. 1974;110:508–11.

 3. Fang HS, Ong GB, Hodgson AR.  Anterior spinal fusion: the operative approaches. Clin 
Orthop Relat Res. 1964;35:16–33.

 4. Peto HM, Pratt RH, Harrington TA, LoBue PA, Armstrong LR. Epidemiology of extrapulmo-
nary tuberculosis in the United States, 1993-2006. Clin Infect Dis. 2009;49:1350–7.

 5. Sharma SK, Mohan A. Extrapulmonary tuberculosis. Indian J Med Res. 2004;120:316–53.
 6. Pertuiset E, Beaudreuil J, Horusitzky A, et  al. Epidemiological aspects of osteoarticular 

tuberculosis in adults. Retrospective study of 206 cases diagnosed in the Paris area from 
1980 to 1994. Presse Med. 1997;26:311–5.

 7. Leonard MK, Blumberg HM. Musculoskeletal Tuberculosis. Microbiol Spectr. 2017;5.
 8. Davidson PT, Horowitz I. Skeletal tuberculosis. A review with patient presentations and dis-

cussion. Am J Med. 1970;48:77–84.
 9. Agarwal RP, Mohan N, Garg RK, Bajpai SK, Verma SK, Mohindra Y. Clinicosocial aspect of 

osteo-articular tuberculosis. J Indian Med Assoc. 1990;88:307–9.
 10. Wang Y, Wang Q, Zhu R, et al. Trends of spinal tuberculosis research (1994-2015): a biblio-

metric study. Medicine (Baltimore). 2016;95:e4923.
 11. Rauf F, Chaudhry UR, Atif M, ur Rahaman M. Spinal tuberculosis: our experience and a 

review of imaging methods. Neuroradiol J. 2015;28:498–503.

A. Batirel



95

 12. Fuentes Ferrer M, Gutierrez Torres L, Ayala Ramirez O, Rumayor Zarzuelo M, del Prado 
Gonzalez N.  Tuberculosis of the spine. A systematic review of case series. Int Orthop. 
2012;36:221–31.

 13. De la Garza RR, Goodwin CR, Abu-Bonsrah N, et al. The epidemiology of spinal tuberculo-
sis in the United States: an analysis of 2002-2011 data. J Neurosurg Spine. 2017;26:507–12.

 14. Leibert E, Schluger NW, Bonk S, Rom WN.  Spinal tuberculosis in patients with human 
immunodeficiency virus infection: clinical presentation, therapy and outcome. Tuber Lung 
Dis. 1996;77:329–34.

 15. Donoghue HD, Lee OY, Minnikin DE, Besra GS, Taylor JH, Spigelman M. Tuberculosis in 
Dr Granville's mummy: a molecular re-examination of the earliest known Egyptian mummy 
to be scientifically examined and given a medical diagnosis. Proc Biol Sci. 2010;277:51–6.

 16. Zink A, Haas CJ, Reischl U, Szeimies U, Nerlich AG. Molecular analysis of skeletal tubercu-
losis in an ancient Egyptian population. J Med Microbiol. 2001;50:355–66.

 17. Crubezy E, Ludes B, Poveda JD, Clayton J, Crouau-Roy B, Montagnon D.  Identification 
of Mycobacterium DNA in an Egyptian Pott's disease of 5,400 years old. C R Acad Sci III. 
1998;321:941–51.

 18. Ratnappuli A, Collinson S, Gaspar-Garcia E, Richardson L, Bernard J, Macallan D. Pott's 
disease in twenty-first century London: spinal tuberculosis as a continuing cause of morbidity 
and mortality. Int J Tuberc Lung Dis. 2015;19:1125, i-ii.

 19. Ellner JJ. Review: the immune response in human tuberculosis--implications for tuberculosis 
control. J Infect Dis. 1997;176:1351–9.

 20. Yadla M, Sriramnaveen P, Kishore CK, et al. Backache in patients on maintenance hemodi-
alysis: beware of spinal tuberculosis. Saudi J Kidney Dis Transpl. 2015;26:1015–7.

 21. Jevtic V. Vertebral infection. Eur Radiol. 2004;14(Suppl 3):E43–52.
 22. Kaufmann SH, Cole ST, Mizrahi V, Rubin E, Nathan C. Mycobacterium tuberculosis and the 

host response. J Exp Med. 2005;201:1693–7.
 23. De Vuyst D, Vanhoenacker F, Gielen J, Bernaerts A, De Schepper AM. Imaging features of 

musculoskeletal tuberculosis. Eur Radiol. 2003;13:1809–19.
 24. Calderone RR, Larsen JM.  Overview and classification of spinal infections. Orthop Clin 

North Am. 1996;27:1–8.
 25. Watts HG, Lifeso RM.  Tuberculosis of bones and joints. J  Bone Joint Surg Am. 

1996;78:288–98.
 26. Shi T, Zhang Z, Dai F, et al. Retrospective study of 967 patients with spinal tuberculosis. 

Orthopedics. 2016;39:e838–43.
 27. Batirel A, Erdem H, Sengoz G, et al. The course of spinal tuberculosis (Pott disease): results 

of the multinational, multicentre Backbone-2 study. Clin Microbiol Infect. 2015;21:1008 
e9–e18.

 28. Pertuiset E, Beaudreuil J, Liote F, et al. Spinal tuberculosis in adults. A study of 103 cases in 
a developed country, 1980–1994. Medicine (Baltimore). 1999;78:309–20.

 29. Pigrau-Serrallach C, Rodriguez-Pardo D.  Bone and joint tuberculosis. Eur Spine 
J. 2013;22(Suppl 4):556–66.

 30. Wang H, Yang X, Shi Y, et al. Early predictive factors for lower-extremity motor or sensory 
deficits and surgical results of patients with spinal tuberculosis: a retrospective study of 329 
patients. Medicine (Baltimore). 2016;95:e4523.

 31. Turgut M. Spinal tuberculosis (Pott's disease): its clinical presentation, surgical management, 
and outcome. A survey study on 694 patients. Neurosurg Rev. 2001;24:8–13.

 32. Wang LN, Wang L, Liu LM, Song YM, Li Y, Liu H. Atypical spinal tuberculosis involved 
noncontiguous multiple segments: case series report with literature review. Medicine 
(Baltimore). 2017;96:e6559.

 33. Nigam A, Prakash A, Pathak P, Abbey P. Bilateral psoas abscess during pregnancy presenting 
as an acute abdomen: atypical presentation. BMJ Case Rep. 2013;2013.

 34. Naim Ur R, El-Bakry A, Jamjoom A, Jamjoom ZA, Kolawole TM. Atypical forms of spinal 
tuberculosis: case report and review of the literature. Surg Neurol. 1999;51:602–7.

7 Tuberculous Spondylodiscitis



96

 35. Sharma A, Chhabra HS, Chabra T, Mahajan R, Batra S, Sangondimath G. Demographics of 
tuberculosis of spine and factors affecting neurological improvement in patients suffering 
from tuberculosis of spine: a retrospective analysis of 312 cases. Spinal Cord. 2017;55:59–63.

 36. Izawa K, Kitada S. Clinical analysis of Osteoarticular nontuberculous mycobacterial infec-
tion. Kekkaku. 2016;91:1–8.

 37. Kim CJ, Kim UJ, Kim HB, et al. Vertebral osteomyelitis caused by non-tuberculous myco-
bacteria: predisposing conditions and clinical characteristics of six cases and a review of 63 
cases in the literature. Infect Dis (Lond). 2016;48:509–16.

 38. Deepti BS, Munireddy M, Kamath S, Chakrabarti D. Cervical spine tuberculosis and airway 
compromise. Can J Anaesth. 2016;63:768–9.

 39. Al SH. Retropharyngeal abscess associated with tuberculosis of the cervical spine. Tuber 
Lung Dis. 1996;77:563–5.

 40. El Azbaoui S, Alaoui Mrani N, Sabri A, et al. Pott's disease in Moroccan children: clinical 
features and investigation of the interleukin-12/interferon-gamma pathway. Int J Tuberc Lung 
Dis. 2015;19:1455–62.

 41. Nussbaum ES, Rockswold GL, Bergman TA, Erickson DL, Seljeskog EL. Spinal tuberculo-
sis: a diagnostic and management challenge. J Neurosurg. 1995;83:243–7.

 42. Colmenero JD, Jimenez-Mejias ME, Sanchez-Lora FJ, et al. Pyogenic, tuberculous, and bru-
cellar vertebral osteomyelitis: a descriptive and comparative study of 219 cases. Ann Rheum 
Dis. 1997;56:709–15.

 43. Kaila R, Malhi AM, Mahmood B, Saifuddin A.  The incidence of multiple level noncon-
tiguous vertebral tuberculosis detected using whole spine MRI.  J Spinal Disord Tech. 
2007;20:78–81.

 44. Polley P, Dunn R. Noncontiguous spinal tuberculosis: incidence and management. Eur Spine 
J. 2009;18:1096–101.

 45. Yao DC, Sartoris DJ. Musculoskeletal tuberculosis. Radiol Clin N Am. 1995;33:679–89.
 46. Griffith JF, Kumta SM, Leung PC, Cheng JC, Chow LT, Metreweli C. Imaging of musculo-

skeletal tuberculosis: a new look at an old disease. Clin Orthop Relat Res. 2002;398:32–9.
 47. Raut AA, Naphade PS, Ramakantan R.  Imaging Spectrum of Extrathoracic tuberculosis. 

Radiol Clin N Am. 2016;54:475–501.
 48. Jain R, Sawhney S, Berry M. Computed tomography of vertebral tuberculosis: patterns of 

bone destruction. Clin Radiol. 1993;47:196–9.
 49. Sharif HS, Morgan JL, al Shahed MS, al Thagafi MY. Role of CT and MR imaging in the 

management of tuberculous spondylitis. Radiol Clin N Am. 1995;33:787–804.
 50. Joo EJ, Yeom JS, Ha YE, et  al. Diagnostic yield of computed tomography-guided bone 

biopsy and clinical outcomes of tuberculous and pyogenic spondylitis. Korean J Intern Med. 
2016;31:762–71.

 51. Spira D, Germann T, Lehner B, et al. CT-guided biopsy in suspected spondylodiscitis--the 
Association of Paravertebral Inflammation with microbial pathogen detection. PLoS One. 
2016;11:e0146399.

 52. Ludwig B, Lazarus AA. Musculoskeletal tuberculosis. Dis Mon. 2007;53:39–45.
 53. Moore SL, Rafii M. Imaging of musculoskeletal and spinal tuberculosis. Radiol Clin N Am. 

2001;39:329–42.
 54. Thammaroj J, Kitkuandee A, Sawanyawisuth K. Differences of Mri features between tuber-

culous and bacterial spondylitis in a Tb-endemic area. Southeast Asian J Trop Med Public 
Health. 2015;46:71–9.

 55. Jung NY, Jee WH, Ha KY, Park CK, Byun JY. Discrimination of tuberculous spondylitis from 
pyogenic spondylitis on MRI. AJR Am J Roentgenol. 2004;182:1405–10.

 56. Phadke DM, Lucas DR, Madan S. Fine-needle aspiration biopsy of vertebral and interverte-
bral disc lesions: specimen adequacy, diagnostic utility, and pitfalls. Arch Pathol Lab Med. 
2001;125:1463–8.

 57. Colmenero JD, Ruiz-Mesa JD, Sanjuan-Jimenez R, Sobrino B, Morata P. Establishing the 
diagnosis of tuberculous vertebral osteomyelitis. Eur Spine J. 2013;22(Suppl 4):579–86.

A. Batirel



97

 58. Merino P, Candel FJ, Gestoso I, Baos E, Picazo J. Microbiological diagnosis of spinal tuber-
culosis. Int Orthop. 2012;36:233–8.

 59. Lewinsohn DM, Leonard MK, Lobue PA, et al. Official American Thoracic Society/Infectious 
Diseases Society of America/Centers for Disease Control and Prevention clinical practice 
guidelines: diagnosis of tuberculosis in adults and children. Clin Infect Dis. 2017;64:111–5.

 60. Held M, Laubscher M, Mears S, et al. Diagnostic accuracy of the Xpert MTB/RIF assay for 
Extrapulmonary tuberculosis in children with musculoskeletal infections. Pediatr Infect Dis 
J. 2016;35:1165–8.

 61. Held M, Laubscher M, Zar HJ, Dunn RN. GeneXpert polymerase chain reaction for spinal 
tuberculosis: an accurate and rapid diagnostic test. Bone Joint J. 2014;96-B:1366–9.

 62. Suzana S, Ninan MM, Gowri M, Venkatesh K, Rupali P, Michael JS. Xpert MTB/Rif for the 
diagnosis of extrapulmonary tuberculosis--an experience from a tertiary care Centre in South 
India. Tropical Med Int Health. 2016;21:385–92.

 63. Tali ET. Spinal infections. Eur J Radiol. 2004;50:120–33.
 64. Murray MR, Schroeder GD, Hsu WK. Granulomatous vertebral osteomyelitis: an update. 

J Am Acad Orthop Surg. 2015;23:529–38.
 65. Erdem H, Elaldi N, Batirel A, et al. Comparison of brucellar and tuberculous spondylodiscitis 

patients: results of the multicenter “Backbone-1 study”. Spine J. 2015;15:2509–17.
 66. Ye M, Huang J, Wang J, et al. Multifocal musculoskeletal tuberculosis mimicking multiple 

bone metastases: a case report. BMC Infect Dis. 2016;16:34.
 67. Nahid P, Dorman SE, Alipanah N, et  al. Official American Thoracic Society/Centers for 

Disease Control and Prevention/Infectious Diseases Society of America clinical practice 
guidelines: treatment of drug-susceptible tuberculosis. Clin Infect Dis. 2016;63:e147–e95.

 68. Moon MS. Tuberculosis of the spine. Controversies and a new challenge. Spine (Phila Pa 
1976). 1997;22:1791–7.

 69. Jain AK, Kumar S, Tuli SM. Tuberculosis of spine (C1 to D4). Spinal Cord. 1999;37:362–9.
 70. Fang D, Leong JC, Fang HS. Tuberculosis of the upper cervical spine. J Bone Joint Surg Br. 

1983;65:47–50.
 71. Hsu LC, Leong JC. Tuberculosis of the lower cervical spine (C2 to C7). A report on 40 cases. 

J Bone Joint Surg Br. 1984;66:1–5.
 72. Pattisson PR.  Pott's paraplegia: an account of the treatment of 89 consecutive patients. 

Paraplegia. 1986;24:77–91.
 73. Upadhyay SS, Saji MJ, Yau AC.  Duration of antituberculosis chemotherapy in conjunc-

tion with radical surgery in the management of spinal tuberculosis. Spine (Phila Pa 1976). 
1996;21:1898–903.

 74. Ramachandran S, Clifton IJ, Collyns TA, Watson JP, Pearson SB. The treatment of spinal 
tuberculosis: a retrospective study. Int J Tuberc Lung Dis. 2005;9:541–4.

 75. Wang Z, Shi J, Geng G, Qiu H. Ultra-short-course chemotherapy for spinal tuberculosis: five 
years of observation. Eur Spine J. 2013;22:274–81.

 76. Blumberg HM, Leonard MK Jr, Jasmer RM. Update on the treatment of tuberculosis and 
latent tuberculosis infection. JAMA. 2005;293:2776–84.

 77. Suarez-Garcia I, Noguerado A. Drug treatment of multidrug-resistant osteoarticular tubercu-
losis: a systematic literature review. Int J Infect Dis. 2012;16:e774–8.

 78. Konstam PG, Blesovsky A.  The ambulant treatment of spinal tuberculosis. Br J  Surg. 
1962;50:26–38.

 79. Jutte PC, van Loenhout-Rooyackers JH. Routine surgery in addition to chemotherapy for 
treating spinal tuberculosis. Cochrane Database Syst Rev. 2006:CD004532.

 80. Stratton A, Gustafson K, Thomas K, James MT. Incidence and risk factors for failed medical 
management of spinal epidural abscess: a systematic review and meta-analysis. J Neurosurg 
Spine. 2017;26:81–9.

 81. Colmenero JD, Jimenez-Mejias ME, Reguera JM, et al. Tuberculous vertebral osteomyelitis 
in the new millennium: still a diagnostic and therapeutic challenge. Eur J Clin Microbiol 
Infect Dis. 2004;23:477–83.

7 Tuberculous Spondylodiscitis



98

 82. Nene A, Bhojraj S. Results of nonsurgical treatment of thoracic spinal tuberculosis in adults. 
Spine J. 2005;5:79–84.

 83. Khoo LT, Mikawa K, Fessler RG. A surgical revisitation of Pott distemper of the spine. Spine 
J. 2003;3:130–45.

 84. Kim YT, Han KN, Kang CH, Sung SW, Kim JH. Complete resection is mandatory for tuber-
cular cold abscess of the chest wall. Ann Thorac Surg. 2008;85:273–7.

 85. Upadhyay SS, Sell P, Saji MJ, Sell B, Hsu LC. Surgical management of spinal tuberculosis 
in adults. Hong Kong operation compared with debridement surgery for short and long term 
outcome of deformity. Clin Orthop Relat Res. 1994:173–82.

 86. Lifeso RM, Weaver P, Harder EH. Tuberculous spondylitis in adults. J Bone Joint Surg Am. 
1985;67:1405–13.

 87. Wang LJ, Zhang HQ, Tang MX, Gao QL, Zhou ZH, Yin XH. Comparison of three surgical 
approaches for thoracic spinal tuberculosis in adult: minimum 5-year follow up. Spine (Phila 
Pa 1976). 2017;42:808–17.

 88. Wang ST, Ma HL, Lin CP, et al. Anterior debridement may not be necessary in the treatment 
of tuberculous spondylitis of the thoracic and lumbar spine in adults: a retrospective study. 
Bone Joint J. 2016;98-B:834–9.

 89. Alam MS, Phan K, Karim R, et al. Surgery for spinal tuberculosis: a multi-center experience 
of 582 cases. J Spine Surg. 2015;1:65–71.

 90. Hodgson AR, Stock FE, Fang HS, Ong GB. Anterior spinal fusion. The operative approach 
and pathological findings in 412 patients with Pott's disease of the spine. Br J  Surg. 
1960;48:172–8.

 91. Garg N, Vohra R. Minimally invasive surgical approaches in the management of tuberculosis 
of the thoracic and lumbar spine. Clin Orthop Relat Res. 2014;472:1855–67.

 92. Yang H, Hou K, Zhang L, et al. Minimally invasive surgery through the interlaminar approach 
in the treatment of spinal tuberculosis: a retrospective study of 31 patients. J Clin Neurosci. 
2016;32:9–13.

 93. Oguz E, Sehirlioglu A, Altinmakas M, et al. A new classification and guide for surgical treat-
ment of spinal tuberculosis. Int Orthop. 2008;32:127–33.

 94. Zhang X, Ji J, Liu B. Management of spinal tuberculosis: a systematic review and meta- 
analysis. J Int Med Res. 2013;41:1395–407.

 95. Kumar K.  Spinal tuberculosis, natural history of disease, classifications and principles of 
management with historical perspective. Eur J Orthop Surg Traumatol. 2016;26:551–8.

 96. Shelburne SA 3rd, Hamill RJ, Rodriguez-Barradas MC, et al. Immune reconstitution inflam-
matory syndrome: emergence of a unique syndrome during highly active antiretroviral ther-
apy. Medicine (Baltimore). 2002;81:213–27.

 97. Shelburne SA, Montes M, Hamill RJ. Immune reconstitution inflammatory syndrome: more 
answers, more questions. J Antimicrob Chemother. 2006;57:167–70.

 98. Tang MX, Zhang HQ, Wang YX, Guo CF, Liu JY.  Treatment of spinal tuberculosis by 
debridement, interbody fusion and internal fixation via posterior approach only. Orthop Surg. 
2016;8:89–93.

 99. Cui X, Li LT, Ma YZ.  Anterior and posterior instrumentation with different debridement 
and grafting procedures for multi-level contiguous thoracic spinal tuberculosis. Orthop Surg. 
2016;8:454–61.

 100. Hassan K, Elmorshidy E. Anterior versus posterior approach in surgical treatment of tuber-
culous spondylodiscitis of thoracic and lumbar spine. Eur Spine J. 2016;25:1056–63.

 101. Ran B, Xie YL, Yan L, Cai L.  One-stage surgical treatment for thoracic and lumbar spi-
nal tuberculosis by transpedicular fixation, debridement, and combined interbody and 
posterior fusion via a posterior-only approach. J Huazhong Univ Sci Technolog Med Sci. 
2016;36:541–7.

 102. Zhang P, Peng W, Wang X, et al. Minimum 5-year follow-up outcomes for single-stage trans-
pedicular debridement, posterior instrumentation and fusion in the management of thoracic 
and thoracolumbar spinal tuberculosis in adults. Br J Neurosurg. 2016;30:666–71.

A. Batirel



99

 103. Gao Y, Ou Y, Deng Q, He B, Du X, Li J. Comparison between titanium mesh and autogenous 
iliac bone graft to restore vertebral height through posterior approach for the treatment of 
thoracic and lumbar spinal tuberculosis. PLoS One. 2017;12:e0175567.

 104. Liu JM, Zhou Y, Peng AF, et al. One-stage posterior surgical management of lumbosacral 
spinal tuberculosis with nonstructural autograft. Clin Neurol Neurosurg. 2017;153:67–72.

 105. Jain A, Jain R, Kiyawat V. Evaluation of outcome of posterior decompression and instru-
mented fusion in lumbar and lumbosacral tuberculosis. Clin Orthop Surg. 2016;8:268–73.

 106. Sudprasert W, Piyapromdee U, Lewsirirat S. Neurological recovery determined by C-reactive 
protein, erythrocyte sedimentation rate and two different posterior decompressive surgical 
procedures: a retrospective clinical study of patients with spinal tuberculosis. J Med Assoc 
Thail. 2015;98:993–1000.

 107. Boxer DI, Pratt C, Hine AL, McNicol M. Radiological features during and following treat-
ment of spinal tuberculosis. Br J Radiol. 1992;65:476–9.

 108. Kalita J, Misra UK, Mandal SK, Srivastava M. Prognosis of conservatively treated patients 
with Pott's paraplegia: logistic regression analysis. J  Neurol Neurosurg Psychiatry. 
2005;76:866–8.

7 Tuberculous Spondylodiscitis


	Chapter 7: Tuberculous Spondylodiscitis
	7.1 Introduction and Epidemiology
	7.2 Pathogenesis and Pathophysiology
	7.3 Clinical Manifestations
	7.4 Diagnosis
	7.5 Differential Diagnosis
	7.6 Treatment
	7.7 Prognosis
	References




