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A B S T R A C T

Current guidelines regarding management of spinal TB are mostly extrapolated from trials on pulmonary disease.
Since the British Medical Research Council (BMRC) trials in the 1970s, there are not many good quality studies
that substantiate best practice guidelines for the management of this entity. Tuberculous infection of the spine
behaves much differently from bacterial osteomyelitis and limited data leads to ambiguity in many cases.
Although a few studies have been conducted in patients with spinal TB, most were in the era preceding short
course chemotherapy and prior to current radiological and surgical advances. While spinal TB is primarily
managed medically, surgical intervention may be needed in certain cases. We discuss areas of uncertainty and
challenges that exist with regards to medical treatment, diagnosis, therapeutic endpoints, and a few surgical
considerations. Substantial delay in diagnosis continues to be common with this disease even in the developed
nations, leading to substantial morbidity. In light of limited evidence, there is an emerging recognition of the
need to individualize various aspects of its treatment such as duration, frequency and acknowledging the lim-
itations of various diagnostic and radiological modalities. We aim to consolidate potential areas of research in
the diagnosis and management of spinal TB and to revisit the latest published evidence on its redressal.

1. Introduction

Spine is the most common skeletal site of involvement of tubercu-
losis (TB) [1]. Since the landmark British Medical Research Council
(BMRC) trials in the 1970s, there has been very little advancement in
the management of spinal TB, and guidance on appropriate use of di-
agnostic modalities as a test of cure remains ambiguous. With the re-
emergence of TB globally due to the HIV epidemic, much of the public
health efforts have been focused on pulmonary TB which continues to
be the most common manifestation of TB and a significant public health
concern. However, there is little guidance on the management of ske-
letal TB and most of the data comes from studies done in pulmonary
manifestation of the disease. Spinal TB continues to be a cause of dis-
ability and poor patient satisfaction due to delayed diagnosis or in-
appropriate management. With the shift in migration patterns on a
global scale, the challenges are multifold especially in immigrant po-
pulations and a substantial delay to diagnosis continues to occur even in
at-risk populations in developed countries [2–5,99]. With the emer-
gence of drug-resistance, the management becomes even more chal-
lenging given the treatment courses are generally longer for skeletal
than pulmonary TB.

The incidence and prevalence varies between countries and the
paucity of accurate data makes an accurate assessment even more
challenging. According to the WHO global TB report from 2019 extra-
pulmonary TB was reported in 15% of new incident TB cases in 2018.
Osteoarticular TB has been reported to account for 11.3% of extra-
pulmonary sites with spinal TB accounting for the vast majority, re-
ported to be up to 50% [6–8]. In one recent study the regional pre-
valence of musculoskeletal TB was reported to be up to 25% [9].
Treatment at pre-destructive stage by the standard drugs leads to
healing in about 95% of patients without significant deformities or
neurological complications. However, once symptoms progress to
neurological deficits, a significant number of patients may never re-
cover neurological function [10].

2. Challenges and controversies

2.1. Basic concepts

The pathogenesis and management of this entity has key differences
relative to bacterial osteomyelitis and the limited data has led to am-
biguity in many cases. Bacterial osteomyelitis is typically caused by
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hematogenous arterial spread to metaphysis of the bone where the
vascular arcade exists and leads to destruction of the cartilage.
However, tubercular osteomyelitis is caused predominantly by spread
via the paravertebral venous route and destruction usually starts in the
anterior-inferior part of vertebral body with spread under the anterior
spinal ligament to adjacent inferior vertebra. Anterior involvement is
mostly due to the spread of abscess under the ligaments and periosteum
[11]. Contrary to pyogenic osteomyelitis, the disk is typically spared
due to lack of bacterial enzymes, until later in the disease course.
Keeping in mind these basic differences in principles and approach to
mycobacterial bone and joint infections, we aim to revisit more recent
literature on spinal tuberculosis with an emphasis on challenges and
areas of controversy.

Tuberculous infection of the spine behaves differently from pul-
monary TB. A major challenge in the treatment of TB includes multiple
mycobacterial populations in the disease locus with different growth
kinetics and metabolic characteristics. The organism is a strict aerobe
and thrives best in regions with higher tissue oxygen such as lungs,
where higher propensity for multibacillary involvement exists.
However, in a contained, osseous tissue the organism can still multiply
but not to the same extent. These areas are generally paucibacillary
with more dormant mycobacteria which are harder to kill and retain
viability despite chemotherapy. The treatment often involves using a
number of drugs in combination for a long duration, especially in ex-
trapulmonary TB where the challenge lies in trying to destroy this
dormant subpopulation once they start replicating [10]. While exo-
genous reinfection can cause recurrence in high endemic areas [12,13]
inadequate killing of these endogenous dormant bacteria can also lead
to relapse [13–15].

The duration of treatment in osseous TB can be unusually pro-
longed, up to a year or two which makes clinical trials investigating
relapse-free cure rates extremely difficult. Also, there is also no known
methodology to measure the total body burden of M. tuberculosis or to
predict clinical outcomes. Treatment response is often variable and
even in patients with concurrent pulmonary disease, positive predictive
value of time to sputum conversion with relapse is low [16].

It has been suspected that the host response to TB often drives the
mycobacterium into a phenotypically distinct state. Recent studies
show that sputum from treatment naïve TB patients has a mixture of
routinely culturable and differentially culturable mycobacteria. This
differentially detectable M. tuberculosis (DD TB) does not grow on
routine solid media but can be isolated from liquid media. This popu-
lation was noted to be drug tolerant and dependent on resuscitation-
promoting factors (growth stimulatory enzymes secreted by M. tu-
berculosis). There is emerging evidence that differentially detectable TB
may account for variability in host response and by addressing growth
kinetics of this subpopulation, treatment could be individualized with
possible use of shorter courses in select patients [17–19].

Penetration of antimycobacterial agents into “sanctuary sites” like
bones is another concern. Sclerotic bone may block the penetration of
drugs into the diseased area. While, older literature had shown rea-
sonable penetration and clinical outcomes, [20–23], more recent stu-
dies found variable concentrations of drugs in the area around the
sclerotic wall. Even undetected levels inside the sclerotic wall was no-
ticed in one study while the other noted decreased concentration in and
outside the sclerotic focus [24,25].

2.2. Medical management

2.2.1. Diagnosis
The introduction of molecular assays like Xpert MTB/ RIF made a

significant leap with rapid detection of TB by NAAT as well as Rifampin
resistance in less than 2 h. In 2014, the WHO end TB strategy identified
diagnostic areas of highest need and TPPs (target product profiles).
Besides rapid sputum test, DST(drug susceptibility testing), and triage
test, a non sputum biomarker was identified to be of priority [26].

In extrapulmonary, including spinal TB, sputum diagnostics have
little utility unless there is concurrent pulmonary involvement. The
diagnosis relies on detection of mycobacteria from samples collected by
bone biopsy. However, with the surge of personalized medicine, bio-
marker discovery and application in TB diagnostics would particularly
change the existing paradigm in these extrapulmonary patients by
avoiding delay in diagnosis and treatment initiation and prevention of
subsequent complications that in turn occur from such a delay.
Unfortunately, there is extremely limited data in the use of these
emerging diagnostic platforms for the diagnosis of most extra-
pulmonary forms of TB.

An important consideration is the fact that most cases present in
primary care settings where specimen transport can be challenging and
pretreatment loss to follow up commonplace. In addition, the avail-
ability and feasibility of biopsies in many resource-limited settings re-
mains a significant barrier. The challenge remains in development and
approval of such non sputum based tests from urine, blood or breath
and with good validity that can be decentralized and cost effective at
the same time [27]. In addition, the existing guidance on appropriate
evaluations of these tests in itself remains elusive although just recently
IDSA published set of guidance for evaluation of an ideal non sputum
biomarker test with specificity high enough to initiate timely treatment
in extrapulmonary TB [28] to target population with limited infra-
structure in countries with medium to high TB prevalence.

In a recent systematic review, 44 biomarkers – of which about half
were multiple marker biosignatures – were identified in high-quality
studies that met the TPP criteria, of which only 2 were incorporated
into commercial assays [29]. Only one of these LAM (urine lipoar-
abinomannan) had received some attention but concerns were raised
over poor sensitivity. Other LAM assays showed improved sensitivity
[27,30–32] and in HIV-positive patients, both TB DNA and LAM de-
tection in urine is currently an area of interest due to low reliance on
sputum diagnostics from immune suppression [33,34].

Also, there remains an overlap between TB and non-TB patients
with respect to results from these markers which can suggest that the
spectrum of activity may be variable within active TB, may overlap
with latent TB infection and even potentially other illnesses. The hope
also exists for biomarkers to be a surrogate endpoint and for customi-
zation of treatment regimen and tailoring of duration for individual
patients. That would in turn potentially solve the problem of long
duration of treatment that makes conducting clinical trials with good
follow up extremely challenging in extrapulmonary TB. Also, clinical
trials assessing newer chemotherapeutic agents would also require at
least six months after treatment discontinuation to assess for cure
making gathering good evidence for wider application challenging. In
addition to biomarkers, the diagnostics to quantify the total body
burden of mycobacteria is also non existent. There is a growing need for
such tests which could ultimately help with prognosis as well as per-
sonalization of various aspects of treatment in extrapulmonary TB.

2.2.2. Frequency of therapy
The guidelines on medical management of osseous TB are mostly

extrapolated from clinical trials in pulmonary tuberculosis. Most anti-
tubercular drugs act on the mycobacterial population over an extended
period of time (lag effect), with effects lasting for several days. The
thrice weekly (sometimes even twice weekly), intermittent therapy is
based on this property and its use has been demonstrated to be suc-
cessful in many cases of pulmonary TB, with the added advantage of
improved patient adherence [35,36]. It is important to note, however,
that the role of intermittent therapy has not been studied or validated in
skeletal or spinal TB [37]. There are in fact some reports of clinical
deterioration with this strategy [38].

Major agencies now recommend daily therapy as the first choice for
spinal TB with varying modifiers, details are summarized in Table 1.
The World Health Organization (WHO) and National Institute for
Health and Care Excellence (NICE, United Kingdom) also noted that
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fewer than three times a week therapy should not be offered as if the
patient misses one dose, they are essentially missing half or more of the
therapeutic dosage. Vitamin B6 is recommended as an addition to pa-
tients at risk of neuropathy, and directly observed treatment short-
course (DOTS) continues to be endorsed [37,39].

2.2.3. Duration of therapy
For the most part, British MRC trials were the only large scale trials

evaluating drug choice and duration of therapy. While the MRC trials
did show some success in short course chemotherapy (6 or 9 months)
for spinal tuberculosis with certain exceptions, ongoing uncertainty
regarding length of treatment in spinal TB exists among many physi-
cians due to concerns regarding early or late recurrence and its asso-
ciated potential morbidity. These trials [40–42] were done decades ago
when surgical interventions were widespread and most of these patients
with short course regimens had operative intervention. There was also a
lot of heterogeneity in the presentation and complexity of cases, and the
treatment regimens used were different with greater failures noted with
some regimens. Also, cervical spine disease was mostly excluded. Very
few trials exist in patients with extrapulmonary TB outside of the British
MRC trials [43,44] and even there, the sample size for patients with
skeletal TB has been limited and failures were in fact noticed in many
patients with skeletal disease. Currently, there is a difference in expert
opinion on length of treatment for extrapulmonary sites including bone
[37] with substantial variation in guidelines from major societies. It
varies from as little as 6 months to 12 months and even beyond, sum-
marized in Table 2.

In the absence of reliable markers, following clinical response is
very crucial. Response is often suggested by a decrease in pain, re-
solution of fever, improved appetite, and gain in body weight with a
serial decrease in inflammatory markers. Failure of sinus tracts and
ulcers to heal within a few months of multidrug therapy or their ap-
pearance while the patient is on antimycobacterial drugs can suggest
drug-resistance, immunodeficiency or rarely paradoxical worsening like
immune reconstitution.

2.2.4. Curative end point
Another challenge is defining a curative end-point for unlike pul-

monary TB, it is much more difficult to obtain a concrete evidence for
culture conversion and eradication of the disease from extrapulmonary
sites like spine and bone. Tissue biopsy for test of cure is not pursued
given very low yield due to the paucibacillary nature of these sites.
Also, since the treatment in extrapulmonary TB is longer, large scale
trials with longer follow up are also difficult to conduct. It is important
to note that the guidelines that had advocated short course che-
motherapy were based on the British MRC trials that utilized X-rays
[40,42]. Studies are needed to look into more recent and advanced
imaging modalities to determine treatment endpoints.

There is not much guidance on soft issue or vertebral changes on
MRI that signify response during or after antituberculous therapy. Some
experts claim that despite a good clinical response, during the first 5–6
months of chemotherapy, MRI findings may be discordant with the
clinical evolution and at times show an increase in the size of epidural
abscess, osseous destruction and bone edema [3,10,45]. The inter-
pretation of this discordant response in clinical practice remains chal-
lenging. The radiological evidence of healing might lag behind biolo-
gical response by about three months. There might also be an
immunologic response to dead/dying mycobacteria. In such cases, MRI
might not differentiate between the inflammatory response of active
disease and that of repair [10]. However, if there is clinical worsening
along with persistence or worsening of marrow edema, destruction, and
abscess, the drug regimen should be reconsidered, and surgery/tissue
sampling for repeat tissue diagnosis as well as treatment pursued to
exclude drug-resistance or an alternative or coexisting diagnosis.

Despite being on similar regimens, radiological evolution of healing
tends to vary among individual patients. Generally, healing is suggested
by MRI evidence of complete resolution of pre and paravertebral col-
lections, resolution of vertebral body marrow edema, and replacement
of marrow edema by fat or calcification. Published literature suggested
MRI evidence of healing at the end of 8 months of combination drug
therapy occurred only in about one third of the cases [46] which is

Table 1
Frequency of drug therapy.

Society/agency Treatment frequency Comments

World Health Organization (2017) Strong recommendation (high grade of
evidence) to use daily therapy in both intensive
and continuation phase.

New patients with TB should not receive twice weekly
dosing for the full course of treatment unless this is done in
the context of formal research.

Infectious Disease Society of America/American Thoracic
Society/Centers for Disease Control and Prevention (CDC)
combined guidelines for drug susceptible TB (2016)

Expert opinion is to use daily therapy in both
intensive and continuation phase.

Guidelines note the lack of studies for validation but that the
opinion of experts is to use daily therapy. Daily therapy is
defined as either 7 days a week or 5 days a week dosing, both
of which are considered equivalent by expert consensus
[37].

National Institute for Health and Care Excellence (NICE, United
Kingdom, 2016)

Daily therapy is first choice. Three times weekly dosage should only be considered if risk
assessment identifies a need for directly observed therapy
AND daily directly observed therapy is not possible [67].

Table 2
Duration of drug therapy.

Society/agency Treatment duration Comments

Infectious Disease Society of America/American Thoracic Society/
Centers for Disease Control and Prevention (CDC) combined
guidelines for drug susceptible TB (2016)

6–9 months Experts favor 9 months citing difficulty in assessing treatment
response. In the setting of orthopedic hardware, an extension of
treatment up to 12 months has also been recommended, though these
guidelines acknowledge that there is a wider range on expert opinion
on length of treatment for extrapulmonary sites including bone [37].

World Health Organization (2017) 9 months Duration longer than that for pulmonary TB citing the difficulty in
monitoring treatment response.

National Institute for Health and Care Excellence (NICE, United
Kingdom, 2016)

Without central nervous system
involvement: 6 months
With CNS involvement or patients
with coexisting HIV: 9 months
[67].
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another reason as to why duration of treatment must be individualized
by taking clinical, lab and radiological factors into consideration.

In 2016, Central Tuberculosis Division of India came out with a new
set of recommendations specifically pertaining to spinal TB [47] where
endpoints are decided on a case by case basis. The standard of care is to
obtain follow up serial X-rays every 3 months or so and based on
clinical response, repeat MRI at 6, 9, 12 and 18 months with imaging
features to be interpreted in light of clinical response. Follow ups are
suggested about every 6 months for a total of two years.

Because of the limitations of MRI especially in distinguishing active
from healing disease, positron emission tomography- computed tomo-
graphy (PET-CT) has also been proposed to be useful as a follow-up
modality. Application of PET/CT or HRCT scans as potential imaging
biomarkers and curative end points has been studied in pulmonary
multidrug-resistant (MDR) TB [48]. Fluorodeoxyglucose (FDG) uptake
in spinal TB normalizes about 3–4 months after treatment and it is
suggested that relative uptake quantification with standardized uptake
value (SUV) could distinguish between residual and resolved lesions
[49–52]. Current research is underway further studying the usefulness
of PET/CT as a tool to determine resolution in spinal TB. The feasibility
of the use of widespread MRI and/or PET/CT is another challenge in
many under-resourced settings where TB is endemic.

2.3. Surgical management

The literature shows widespread use of combined medical and
surgical techniques in the management of spinal TB. In a systematic
review of case-series published between 1980 and 2011, surgery was
reported in 28 out of 37 articles with spinal TB [53]. In the US between
2002 and 2011, approximately 20% of patients with spinal TB under-
went surgery, mostly in thoracolumbar area, and about half of those
underwent instrumentation of three or more levels [54].

The impact of radical surgery and outpatient chemotherapy were
also studied by British MRC trials [55,56]. The historical practice of bed
rest offered no advantage. In uncomplicated patients undergoing
medical treatment had similar long term results at 15 years with no late
relapses or paraplegia. Radical surgery, however, led to earlier bony
fusion and lesser kyphosis in those with complicated deforming disease.
Two systematic reviews compared chemotherapy alone versus che-
motherapy with surgery. Only two trials (from 1970–1980s) fulfilled
the inclusion criteria, and concluded that there was no statistical dif-
ference in outcomes between the two groups [57,58]. They also noted
that surgery had no effect on the resultant kyphosis angle, but the in-
cidence of kyphosis for all study subjects was considerably high at the
onset (>30°), which is usually an indication for operative intervention
regardless. These reviews were limited by a very small sample size and
the fact that tremendous surgical and medical advancements followed
all these trials.

More and more evidence has emerged in recent years showing good
outcomes in those managed by chemotherapy alone or with minimally
invasive surgeries for stabilization or percutaneous fixations. [59–61].
Improved immediate postoperative outcomes were noted in one study
with radical debridement, however, no difference in long term defor-
mity or neurologic status was noted when compared with stabilization
alone [62]. Also, with the widespread use of highly efficacious com-
bination drugs, the trend has naturally shifted to more of a conservative
approach.

Another important point to consider is that studies looking into
outcomes mostly included thoracolumbar cases which is the most
common site of involvement and patients with cervical involvement
were largely excluded given the risk of major neuro deficits due to the
proximity of cervical spinal cord and the risk of tracheal compression
from abscess collection in the retropharyngeal space. However, a recent
study reported good outcomes with medical therapy alone in a vast
majority of patients even with cervical spine involvement. In this study
57.9% of the patients had a neuro deficit but only 9.5% required

surgery for progressive neuro deficits. Most were managed con-
servatively, but those with advanced spinal cord involvement or com-
pression had poor outcomes and the authors suggested an aggressive
surgical approach in that population [63].

Paraspinal and epidural abscesses also tend to resolve with che-
motherapy [2]. However, controversy still exists and some propose
later intervention may lead to greater risk of failures than earlier in-
tervention. Failure estimates were noted to be heterogeneous between
studies leading to uncertainty about actual outcomes [64]. Surgical
drainage is therefore reserved for worsening abscess or mechanical
pressure related symptoms owing to their size or location [65,66].

International guidelines acknowledge the dearth of high quality
evidence to recommend for or against surgery. However, they conclude
the trials found no additional benefit with surgical debridement over
chemotherapy alone in most cases and conclude the decision to be
made on a case by case basis [37,67]. Currently, spinal TB is treated
medically in the absence of major neurological deficits or concerns for
major deformity.

Many things need to be factored in the decision for surgery in-
cluding the patient's age and comorbidities, location of the lesion,
especially in relation to the dura, number of vertebral bodies involved,
kyphosis angle and neuro deficits to name a few [68]. Sometimes, when
diagnosis cannot be confirmed by other means or when exclusion of
drug-resistance is necessary surgery may be the only alternative. Many
studies indicate that progression may correlate with the size and
number of vertebral lesions [69–71]. Major indications also include
failed medical management (despite 3–6 months of effective medical
treatment), concern for spinal instability from kyphosis, worsening
abscess or one causing difficulty in swallowing or breathing, as in the
case of cervical/ thoracic lesions, or persistent or recurrent neurological
symptoms or cord compression [37,68,72,73]. Early surgical consulta-
tion, therefore, should be sought in complicated cases. Unfortunately,
the decision to intervene can be particularly challenging in resource-
limited settings where much of the disease burden exists and so does the
need for cost effective interventions.

2.4. Complications

2.4.1. Neurological involvement
Contrary to bacterial osteomyelitis, development of a neurologic

deficit is generally a gradual process in TB. In the absence of published
evidence, experts may differ in their approach for cases with early
neurological involvement where some have advocated for medical
treatment alone in very early phases without major weakness under
close supervision [66,74,75]. However, this observation mostly come
from case series. In one series of 50 patients with radiologic epidural
cord compression but early neurological signs, i.e., with clumsy gait,
hyperreflexia, clonus and early motor deficits, forty-seven of the fifty
patients recovered with medical treatment alone [74]. Some argue that
neurologic deficits due to spinal tuberculosis tend to behave differently
than traumatic causes of spinal injury, with a much greater degree of
recovery of neurologic function [76]. In the absence of good sample size
and lack of randomization, such an approach should be cautiously
followed, and may be of value in situations where surgery might be
risky. Close monitoring of the patient's neurological status is important
and any worsening would be a strong indication for surgery.

Late paraplegia may sometimes occur when the initial lesion heals
with residual severe deformity, which can even manifest years later. It
is considered to be due to spinal cord stretching leading to gliosis and is
often described on imaging as myelomalacia [77].

2.4.2. Deformity and kyphosis
Kyphosis is an end result of vertebral collapse in spinal tuberculosis.

Although a certain degree of kyphosis is inevitable and acceptable, the
aim is to de accelerate its progression as much as possible. The defor-
mity progresses in the active phase of disease as well as after the
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infection is eradicated [70,78]. This progression is also influenced by
the severity of kyphosis before treatment, the level of the lesion, and
age of the patient.

In adults, the progression of kyphosis after healing is rare [70].
Children however, are at risk of severe kyphosis for they continue to
have significant changes in the growing spine even after the disease is
healed [70,78,79]. The risk for late onset paraplegia resulting from long
standing kyphosis is more relevant in childhood TB [66,70,80] where
prediction scores have been used and early surgical management may
be required in the active stage of the disease to prevent such compli-
cations [77,78].

Kyphosis has even been reported to continue to increase for six
months, even after anterior decompression and bone grafting [81,82].
The resultant deformity from surgery depends on the location of the
lesion for the same degree of kyphosis, with lumbar lesion of less cos-
metic and mechanical significance than cervical or thoracic lesions.
Features such as the location of lesion (cervico thoracic and thor-
acolumbar junction lesions), destruction of three or more vertebral
bodies, loss of vertical height equivalent to or more than 1.5 times the
vertebral body height, signs of instability or progression of kyphotic
deformity in successive X-rays are high risk for severe kyphotic defor-
mity and strong consideration for surgery is given in these cases
[70,83].

2.5. Drug resistance and newer agents

Multidrug resistant TB (MDR- TB) is defined as resistance to iso-
niazid and rifampicin, the two most potent drugs used in TB.
Extensively drug resistant TB (XDR-TB) is defined as MDR-TB plus re-
sistance to a fluoroquinolone and at least one second-line injectable (i.e.
amikacin, kanamycin, capreomycin). WHO global TB report 2019 es-
timated 3.4% of new cases and 18% of previously treated cases had
MDR or rifampin resistance (RR) in 2018. There were about half a
million new cases of RR TB, of which 78% had MDR-TB. Three coun-
tries accounted for almost half of the world's cases of MDR/RR-TB:
India (27%), China (14%) and the Russian Federation (9%). Drug re-
sistance continues to pose a major concern and the incidence does not
seem to decline. Even in the US, although the number of TB cases have
declined steadily since 1990s, the proportion of MDR TB has remained
relatively constant between 1 and 2% [84].

The development of resistance poses further challenges in spinal TB
patients, given the difficulties in obtaining a definitive diagnosis due to
the paucibacillary nature of the disease. Also, biopsy may not always be
possible in resource limited settings. Generally, drug-resistance is sus-
pected when there is no significant clinical improvement after adequate
therapy for at least 2–3 months or persistent growth of MTB at other
sites beyond 2 months of therapy. Therefore, every effort must be made
to obtain a microbiologic diagnosis prior to initiation of therapy
[85,86].

Regimens typically include at least 4–5 active drugs for prolonged
periods of time, and require aggressive monitoring for adverse effects
and for clinical/radiographic response. The minimum recommended
duration of therapy is typically 18–24 months. Short course che-
motherapy regimens for MDR-TB have not yet been adequately studied
in extrapulmonary TB.

There is no formal data about efficacy newer drugs in osteoarticular
TB. Most of the recent evidence comes from XDR TB in patients with
pulmonary manifestation [87–89]. Effective use of linezolid, clofazi-
mine and quinoline in combinations with other second and third line
agents has been reported in limited case series and case reports [90,91].
Linezolid was recently shown to have effective concentrations in dis-
eased bone in patients with spinal TB even after 24 h of drug admin-
istration [92], which previously had only been studied until 2 h after
administration.

Bedaquiline is active against both replicating and dormant myco-
bacteria [93] which makes it very effective and better clinical outcomes

were observed in some studies compared with other newer agents and
shorter courses seemed promising with the inclusion of bedaquiline
[94–96] yet the first case report of acquired resistance was first re-
ported in 2015 [97,98]. In a recent study of 14 MDR/ XDR TB patients
in the US, out of which 36% had extrapulmonary disease, bedaquiline
was well tolerated in most patients with good outcomes. However, no
post treatment data was collected [87].

3. Conclusion

Guidelines regarding management of spinal TB are often extra-
polated from trials on pulmonary disease. Fewer studies that were
conducted in spinal TB preceded short course chemotherapy as well as
current radiological and surgical advances. The delay in diagnosis and
treatment continues to be a pattern with this entity. To prevent com-
plications, spinal TB disease requires prompt initiation of antitubercular
chemotherapy yet delays are commonplace relative to pulmonary dis-
ease. It also behaves differently than bacterial osteomyelitis and in
general surgical intervention is generally avoided unless there are
concerns for complications and advanced disease. Although short
course chemotherapy has changed the paradigm of management of TB,
uncertainty continues to exist with regards to duration, curative end-
point, and promising use of newer agents to shorten the course.
Conducting high quality trials is a challenge given long treatment
duration. The global call for development and validation of non sputum
biomarkers for diagnosis and tailoring treatment duration can be one
potential advance to make such trials possible in future and move to-
wards personalized and evidence-based management for improved
treatment outcomes of this morbid disease.

Ethical statement

All persons who meet authorship criteria are listed as authors, and
all authors certify that they have participated sufficiently in the work to
take public responsibility for the content, including participation in the
concept, design, analysis, writing, and revision of the manuscript.
Furthermore, each author certifies that this material has not been and
will not be submitted to or published in any other publication before its
appearance in your journal.

Declaration of Competing Interest

We have no conflict of interest to declare and have adhered to
ethical guidelines.

References

[1] Peto HM, Pratt RH, Harrington TA, LoBue PA, Armstrong LR. Epidemiology of ex-
trapulmonary tuberculosis in the united states, 1993–2006. Clin Infect Dis
2009;49:1350–7.

[2] Kotil K, Alan MS, Bilge T. Medical management of pott disease in the thoracic and
lumbar spine: a prospective clinical study. J Neurosurg Spine 2007;6:222–8.

[3] Cormican L, Hammal R, Messenger J, Milburn HJ. Current difficulties in the diag-
nosis and management of spinal tuberculosis. Postgrad Med J 2006;82:46–51.

[4] Pandita A, Madhuripan N, Hurtado RM, Dhamoon A. Back pain and oedematous
schmorl node: a diagnostic dilemma. BMJ Case Rep 2017;2017. https://doi.org/10.
1136/bcr-2017-219904.

[5] World Health Organization. Global tuberculosis report 2018. World Health
Organization; 2018.

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

[7] Naim-ur-Rahman. Atypical forms of spinal tuberculosis. J Bone Joint Surg Br
1980;62-B:162–5.

[8] Talbot JC, Bismil Q, Saralaya D, Newton D, Frizzel RM, Shaw DL. Musculoskeletal
tuberculosis in bradford – a 6-year review. Ann R Coll Surg Engl 2007;89:405–9.

[9] Kanade SR, Nataraj G, Mehta PR. Improved case detection using Xpert/rifampicin
assay in skeletal tuberculosis. Indian J Med Microbiol 2018;36:590–3.

[10] Tuli SM. Historical aspects of Pott's disease (spinal tuberculosis) management. Eur
Spine J 2012;22:529–38.

[11] Lee KY. Comparison of pyogenic spondylitis and tuberculous spondylitis. Asian

A. Pandita, et al. J Clin Tuberc Other Mycobact Dis 19 (2020) 100151

5

http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0001
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0001
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0001
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0002
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0002
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0003
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0003
https://doi.org/10.1136/bcr-2017-219904
https://doi.org/10.1136/bcr-2017-219904
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0005
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0005
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0006
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0006
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0006
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0007
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0007
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0008
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0008
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0009
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0009
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0010
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0010
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0011


Spine J 2014;8:216–23.
[12] Alland D, Kalkut GE, Moss AR, McAdam RA, Hahn JA, Bosworth W, et al.

Transmission of tuberculosis in new york city. an analysis by DNA fingerprinting
and conventional epidemiologic methods. N Engl J Med 1994;330:1710–6.

[13] Small PM, Hopewell PC, Singh SP, Paz A, Parsonnet J, Ruston DC, et al. The epi-
demiology of tuberculosis in San Francisco – a population-based study using con-
ventional and molecular methods. N Engl J Med 1994:1703–9. https://doi.org/10.
1056/nejm199406163302402.

[14] Sahadevan R, Narayanan S, Paramasivan CN, Prabhakar R, Narayanan PR.
Restriction fragment length polymorphism typing of clinical isolates of myco-
bacterium tuberculosis from patients with pulmonary tuberculosis in madras, India,
by use of direct-repeat probe. J Clin Microbiol 1995;33:3037–9.

[15] Das S, Chan SL, Allen BW, Mitchison DA, Lowrie DB. Application of DNA finger-
printing with IS986 to sequential mycobacterial isolates obtained from pulmonary
tuberculosis patients in Hong Kong before, during and after short-course che-
motherapy. Tuber Lung Dis 1993;74:47–51.

[16] Willis M, Winston CA, Heilig C, Cain KP, Walter ND, Kenzie WM. Seasonality of
tuberculosis in the united states, 1993–2008. A56. Epidemiol Tubercul 2011.
https://doi.org/10.1164/ajrccm-conference.2011.183.1_meetingabstracts.a1850.

[17] Dhillon J, Fourie PB, Mitchison DA. Persister populations of mycobacterium tu-
berculosis in sputum that grow in liquid but not on solid culture media. J
Antimicrob Chemother 2014;69:437–40.

[18] Chengalroyen MD, Beukes GM, Gordhan BG, Streicher EM, Churchyard G, Hafner R,
et al. Detection and quantification of differentially culturable tubercle bacteria in
sputum from patients with tuberculosis. Am J Respir Crit Care Med
2016;194:1532–40.

[19] McAulay K, Saito K, Warrier T, Walsh KF, Mathurin LD, Royal-Mardi G, et al.
Differentially detectable mycobacterium tuberculosis cells in sputum from treat-
ment-naive subjects in haiti and their proportionate increase after initiation of
treatment. MBio 2018;9. https://doi.org/10.1128/mBio.02192-18.

[20] Barclay WR, Ebert RH, Le Roy GV, Manthei RW, Roth LJ. Distribution and excretion
of radioactive isoniazid in tuberculous patients. J Am Med Assoc 1953;151:1384–8.

[21] Wu QQ, Na XK, Tian WC. The concentrations of 4 antituberculous drugs in cold
abscesses in patients with bone and joint tuberculosis. Chin Med J
1987;100:819–22.

[22] Tuli SM, Kumar K, Sen PC. Penetration of antitubercular drugs in clinical os-
teoarticular tubercular lesions. Acta Orthop Scand 1977;48:362–8.

[23] Tuli SM, Brighton CT, Morton HE, Clark LW. The experimental induction of loca-
lised skeletal tuberculous lesions and their accessibility to streptomycin. J Bone
Joint Surg Br 1974;56B:551–9.

[24] Ge Z, Wang Z, Wei M. Measurement of the concentration of three antituberculosis
drugs in the focus of spinal tuberculosis. Eur Spine J 2008;17:1482–7.

[25] Liu P, Zhu Q, Jiang J. Distribution of three antituberculous drugs and their meta-
bolites in different parts of pathological vertebrae with spinal tuberculosis. Spine
2011;36:E1290–5.

[26] Denkinger CM, Schumacher SG, Gilpin C, Korobitsyn A, Wells WA, Pai M, et al.
Guidance for the evaluation of tuberculosis diagnostics that meet the world health
organization (WHO) target product profiles: an introduction to who process and
study design principles. J Infect Dis 2019;220:S91–8.

[27] Gardiner JL, Karp CL. Transformative tools for tackling tuberculosis. J Exp Med
2015;212:1759–69.

[28] Drain PK, Gardiner J, Hannah H, Broger T, Dheda K, Fielding K, et al. Guidance for
studies evaluating the accuracy of biomarker-based nonsputum tests to diagnose
tuberculosis. J Infect Dis 2019;220:S108–15.

[29] MacLean E, Broger T, Yerlikaya S, Leticia Fernandez-Carballo B, Pai M, Denkinger
CM. A systematic review of biomarkers to detect active tuberculosis. Nature
Microbiol 2019:748–58. https://doi.org/10.1038/s41564-019-0380-2.

[30] Hamasur B, Bruchfeld J, van Helden P, Källenius G, Svenson S. A sensitive urinary
lipoarabinomannan test for tuberculosis. PLoS ONE 2015;10:e0123457.

[31] Mukundan H, Kumar S, Price DN, Ray SM, Lee Y-J, Min S, et al. Rapid detection of
mycobacterium tuberculosis biomarkers in a sandwich immunoassay format using a
waveguide-based optical biosensor. Tuberculosis 2012:407–16. https://doi.org/10.
1016/j.tube.2012.05.009.

[32] Chan CE, Götze S, Seah GT, Seeberger PH, Tukvadze N, Wenk MR, et al. The di-
agnostic targeting of a carbohydrate virulence factor from M.Tuberculosis. Sci Rep
2015. https://doi.org/10.1038/srep10281.

[33] Nakiyingi L, Moodley VM, Manabe YC, Nicol MP, Holshouser M, Armstrong DT,
et al. Diagnostic accuracy of a rapid urine lipoarabinomannan test for tuberculosis
in HIV-infected adults. J Acquir Immune Defic Syndr 2014;66:270–9.

[34] Lawn SD, Kerkhoff AD, Burton R, Schutz C, van Wyk G, Vogt M, et al. Rapid mi-
crobiological screening for tuberculosis in HIV-positive patients on the first day of
acute hospital admission by systematic testing of urine samples using xpert MTB/
RIF: a prospective cohort in south africa. BMC Med 2015;13:192.

[35] Controlled trial of 6-month and 8-month regimens in the treatment of pulmonary
tuberculosis. first report. Am Rev Respir Dis 1978;118:219–28.

[36] Controlled trial of 6-month and 8-month regimens in the treatment of pulmonary
tuberculosis: the results up to 24 months. Tubercle 1979;60:201–10.

[37] Nahid P, Dorman SE, Alipanah N, Barry PM, Brozek JL, Cattamanchi A, et al.
Official American thoracic society/centers for disease control and prevention/in-
fectious diseases society of america clinical practice guidelines: treatment of drug-
susceptible tuberculosis. Clin Infect Dis 2016;63:e147–95.

[38] Patankar A. Tuberculosis of spine: an experience of 30 cases over two years. Asian J
Neurosurg 2016;11:226.

[39] Weis SE, Slocum PC, Blais FX, King B, Nunn M, Matney GB, et al. The effect of
directly observed therapy on the rates of drug resistance and relapse in tuberculosis.
N Engl J Med 1994;330:1179–84.

[40] Five-year assessment of controlled trials of short-course chemotherapy regimens of
6, 9 or 18 months’ duration for spinal tuberculosis in patients ambulatory from the
start or undergoing radical surgery. fourteenth report of the medical research
council working party on tuberculosis of the spine. Int Orthop 1999;23:73–81.

[41] A controlled trial of six-month and nine-month regimens of chemotherapy in pa-
tients undergoing radical surgery for tuberculosis of the spine in hong kong. tenth
report of the medical research council working party on tuberculosis of the spine.
Tubercle 1986;67:243–59.

[42] Controlled trial of short-course regimens of chemotherapy in the ambulatory
treatment of spinal tuberculosis. results at three years of a study in korea. twelfth
report of the medical research council working party on tuberculosis of the spine. J
Bone Joint Surg Br 1993;75:240–8.

[43] Short course chemotherapy for tuberculosis of lymph nodes: a controlled trial.
British thoracic society research committee. BMJ 1985;290:1106–8.

[44] Dutt AK, Moers D, Stead WW. Short-course chemotherapy for extrapulmonary tu-
berculosis. Nine years’ experience. Ann Intern Med 1986;104:7–12.

[45] Tins BJ, Cassar-Pullicino VN. MR imaging of spinal infection. Semin Musculoskelet
Radiol 2004;8:215–29.

[46] Jain AK, Srivastava A, Saini NS, Dhammi IK, Sreenivasan R, Kumar S. Efficacy of
extended dots category i chemotherapy in spinal tuberculosis based on MRI-based
healed status. Indian J Orthop 2012;46:633–9.

[47] INDEX-TB guidelines - Guidelines on extra-pulmonary tuberculosis for India. 2016.
Available: http://tbcindia.nic.in/showfile.php?lid=3245, accessed on April 4,
2017.

[48] Chen RY, Dodd LE, Lee M, Paripati P, Hammoud DA, Mountz JM, et al. PET/CT
imaging correlates with treatment outcome in patients with multidrug-resistant
tuberculosis. Sci Transl Med 2014;6:265ra166.

[49] Rivas-Garcia A, Sarria-Estrada S, Torrents-Odin C, Casas-Gomila L, Franquet E.
Imaging findings of Pott's disease. Eur Spine J 2013;22(Suppl 4):567–78.

[50] Kim S-J, Kim I-J, Suh KT, Kim Y-K, Lee JS. Prediction of residual disease of spine
infection using F-18 FDG pet/ct. Spine 2009;34:2424–30.

[51] Vorster M, Sathekge MM, Bomanji J. Advances in imaging of tuberculosis: the role
of 18F-FDG pet and pet/ct. Curr Opin Pulm Med 2014;20:287–93.

[52] Grigolato D, Del Rizzo M, Cucca M, Zuffante M, Concia E, Ferdeghini M. 18F-FDG
PET/CT in tuberculosis: a single hospital experience. J Nucl Med 2016;57:1742.

[53] Fuentes Ferrer M, Gutiérrez Torres L, Ayala Ramírez O, Rumayor Zarzuelo M, del
Prado González N. Tuberculosis of the spine. a systematic review of case series. Int
Orthop 2012;36:221–31.

[54] De la Garza Ramos R, Goodwin CR, Abu-Bonsrah N, Bydon A, Witham TF, Wolinsky
J-P, et al. The epidemiology of spinal tuberculosis in the united states: an analysis of
2002–2011 data. J Neurosurg Spine 2017;26:507–12.

[55] Crofton J. The mrc randomized trial of streptomycin and its legacy: a view from the
clinical front line. J R Soc Med 2006;99:531–4.

[56] A 15-year assessment of controlled trials of the management of tuberculosis of the
spine in Korea and Hong Kong. Thirteenth report of the medical research council
working party on tuberculosis of the spine. J Bone Joint Surg Br 1998;80:456–62.

[57] Jutte PC, van Loenhout-Rooyackers JH. Routine surgery in addition to che-
motherapy for treating spinal tuberculosis. Cochrane Database Syst Rev
2006:CD004532.

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

[59] Jiang T, Zhao J, He M, Wang K, Fowdur M, Wu Y. Outcomes and treatment of
lumbosacral spinal tuberculosis: a retrospective study of 53 patients. PLoS ONE
2015;10:e0130185.

[60] Guo S, Zhu K, Zhang S, Ma B, Yang M, Yan M, et al. Percutaneous pedicle screw
fixation alone versus debridement and fusion surgery for the treatment of early
spinal tuberculosis: a retrospective cohort study. Med Sci Monit 2019;25:1549–57.

[61] Wu W, Lyu J, Liu X, Luo F, Hou T, Zhou Q, et al. Surgical treatment of thoracic
spinal tuberculosis: a multicenter retrospective study. World Neurosurg
2018;110:e842–50.

[62] Qian J, Rijiepu A, Zhu B, Tian D, Chen L, Jing J. Outcomes of radical debridement
versus no debridement for the treatment of thoracic and lumbar spinal tuberculosis.
Int Orthop 2016;40:2081–8.

[63] Bhandari A, Garg RK, Malhotra HS, Verma R, Singh MK, Jain A, et al. Outcome
assessment in conservatively managed patients with cervical spine tuberculosis.
Spinal Cord 2014;52:489–93.

[64] 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.

[65] Bhojraj S, Nene A. Lumbar and lumbosacral tuberculous spondylodiscitis in adults.
redefining the indications for surgery. J Bone Joint Surg Br 2002;84:530–4.

[66] Jain AK. Treatment of tuberculosis of the spine with neurologic complications. Clin
Orthop Relat Res 2002:75–84.

[67] Internal Clinical Guidelines Team (UK). Tuberculosis: prevention, diagnosis, man-
agement and service organisation. London: National Institute for Health and Care
Excellence (UK); 2016.

[68] Rasouli MR, Mirkoohi M, Vaccaro AR, Yarandi KK, Rahimi-Movaghar V. Spinal
tuberculosis: diagnosis and management. Asian Spine J 2012;6:294–308.

[69] Korkusuz F, Islam C, Korkusuz Z. Prevention of postoperative late kyphosis in pott's
disease by anterior decompression and intervertebral grafting. World J Surg
1997;21:524–8.

[70] Rajasekaran S. The problem of deformity in spinal tuberculosis. Clin Orthop Relat
Res 2002:85–92.

[71] Rajasekaran S, Shanmugasundaram TK. Prediction of the angle of Gibbus deformity
in tuberculosis of the spine. J Bone Joint Surg 1987;69:503–9.

[72] Guerado E, Cerván AM. Surgical treatment of spondylodiscitis. An update. Int

A. Pandita, et al. J Clin Tuberc Other Mycobact Dis 19 (2020) 100151

6

http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0011
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0012
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0012
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0012
https://doi.org/10.1056/nejm199406163302402
https://doi.org/10.1056/nejm199406163302402
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0014
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0014
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0014
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0014
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0015
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0015
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0015
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0015
https://doi.org/10.1164/ajrccm-conference.2011.183.1_meetingabstracts.a1850
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0017
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0017
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0017
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0018
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0018
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0018
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0018
https://doi.org/10.1128/mBio.02192-18
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0020
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0020
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0021
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0021
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0021
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0022
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0022
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0023
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0023
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0023
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0024
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0024
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0025
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0025
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0025
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0026
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0026
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0026
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0026
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0027
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0027
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0028
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0028
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0028
https://doi.org/10.1038/s41564-019-0380-2
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0030
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0030
https://doi.org/10.1016/j.tube.2012.05.009
https://doi.org/10.1016/j.tube.2012.05.009
https://doi.org/10.1038/srep10281
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0033
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0033
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0033
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0034
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0034
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0034
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0034
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0035
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0035
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0036
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0036
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0037
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0037
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0037
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0037
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0038
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0038
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0039
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0039
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0039
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0040
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0040
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0040
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0040
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0041
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0041
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0041
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0041
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0042
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0042
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0042
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0042
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0043
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0043
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0044
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0044
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0045
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0045
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0046
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0046
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0046
http://tbcindia.nic.in/showfile.php?lid=3245
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0047
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0047
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0047
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0048
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0048
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0049
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0049
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0050
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0050
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0051
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0051
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0052
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0052
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0052
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0053
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0053
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0053
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0054
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0054
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0055
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0055
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0055
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0056
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0056
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0056
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0057
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0057
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0058
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0058
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0058
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0059
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0059
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0059
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0060
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0060
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0060
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0061
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0061
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0061
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0062
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0062
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0062
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0063
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0063
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0063
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0064
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0064
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0065
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0065
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0066
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0066
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0066
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0067
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0067
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0068
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0068
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0068
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0069
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0069
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0070
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0070
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0071


Orthop 2012;36:413–20.
[73] Mak KC, Cheung KMC. Surgical treatment of acute tb spondylitis: indications and

outcomes. Eur Spine J 2013;22(Suppl 4):603–11.
[74] Patil SS, Mohite S, Varma R, Bhojraj SY, Nene AM. Non-surgical management of

cord compression in tuberculosis: a series of surprises. Asian Spine J
2014;8:315–21.

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

[76] Wouda EMN, Stienstra Y, van der Werf TS, Kerstjens H, de Lange WCM, Coppes M,
et al. Neurological and functional recovery in tuberculosis patients with spinal cord
injury in the netherlands. NeuroRehabilitation 2017;40:439–45.

[77] Jain AK. Tuberculosis of the spine: a fresh look at an old disease. J Bone Joint Surg
Br 2010;92:905–13.

[78] Rajasekaran S. The natural history of post-tubercular kyphosis in children. Bone
Joint J 2001;83-B:954–62.

[79] Rajasekaran S. Buckling collapse of the spine in childhood spinal tuberculosis. Clin
Orthop Relat Res 2007;460:86–92.

[80] Wimmer C, Ogon M, Sterzinger W, Landauer F, Stöckl B. Conservative treatment of
tuberculous spondylitis: a long-term follow-up study. J Spinal Disord
1997;10:417–9.

[81] Upadhyay SS, Saji MJ, Sell P, Sell B, Hsu LC. Spinal deformity after childhood
surgery for tuberculosis of the spine. A comparison of radical surgery and debri-
dement. J Bone Joint Surg Br 1994;76:91–8.

[82] Upadhyay SS, Saji MJ, Sell P, Hsu LC, Yau AC. The effect of age on the change in
deformity after anterior debridement surgery for tuberculosis of the spine. Spine
1996;21:2356–62.

[83] Rajasekaran S. Kyphotic deformity in spinal tuberculosis and its management. Int
Orthop 2012;36:359–65.

[84] Website. [cited 15 Oct 2019]. Available: CDC. Reported tuberculosis in the United
States, 2017. Atlanta, GA: US Department of Health and Human Services, CDC;
2018. https://www.cdc.gov/tb/statistics/reports/2017/default.htm.

[85] Mukherjee JS, Rich ML, Socci AR, Keith Joseph J, Virú FA, Shin SS, et al.
Programmes and principles in treatment of multidrug-resistant tuberculosis. Lancet
2004;363:474–81.

[86] World Health Organization. Companion handbook to the who guidelines for the
programmatic management of drug-resistant tuberculosis. Geneva: World Health
Organization; 2014.

[87] Mase S, Chorba T, Parks S, Belanger A, Dworkin F, Seaworth B, et al. Bedaquiline
for the treatment of multidrug-resistant tuberculosis in the united states. Clin Infect
Dis 2019. https://doi.org/10.1093/cid/ciz914.

[88] Ferlazzo G, Mohr E, Laxmeshwar C, Hewison C, Hughes J, Jonckheere S, et al. Early
safety and efficacy of the combination of bedaquiline and delamanid for the
treatment of patients with drug-resistant tuberculosis in Armenia, India, and South
Africa: a retrospective cohort study. Lancet Infect Dis 2018;18:536–44.

[89] Guglielmetti L, Le Dû D, Jachym M, Henry B, Martin D, Caumes E, et al.
Compassionate use of bedaquiline for the treatment of multidrug-resistant and ex-
tensively drug-resistant tuberculosis: interim analysis of a French cohort. Clin Infect
Dis 2015;60:188–94.

[90] Giridharan P, Selladurai E, Balaji S, Pramila SK, Arunagirinathan V, Shanmugam S,
et al. Drug resistant TB spine in a two year old child: a case report. Indian J Tuberc
2019. https://doi.org/10.1016/j.ijtb.2019.09.007.

[91] Shah SS, Goregaonkar AA, Goregaonkar AB. Extensively drug-resistant tuberculosis
of the lumbar spine in a six-year-old child: a case report. J Orthop Case Rep
2017;7:40–3.

[92] Li Y, Huang H, Dong W, Lan T, Fan J, Wen S, et al. Penetration of linezolid into bone
tissue 24h after administration in patients with multidrug-resistant spinal tu-
berculosis. PLoS ONE 2019;14:e0223391.

[93] Rao SPS, Alonso S, Rand L, Dick T, Pethe K. The protonmotive force is required for
maintaining atp homeostasis and viability of hypoxic, nonreplicating myco-
bacterium tuberculosis. Proc Natl Acad Sci 2008:11945–50. https://doi.org/10.
1073/pnas.0711697105.

[94] Udwadia ZF, Amale RA, Mullerpattan JB. Initial experience of bedaquiline use in a
series of drug-resistant tuberculosis patients from India. Int J Tuberc Lung Dis
2014:1315–8. https://doi.org/10.5588/ijtld.14.0284.

[95] Dheda K, Esmail A, Limberis J, Maartens G. Selected questions and controversies
about bedaquiline: a view from the field. Int J Tuberc Lung Dis 2016;20:24–32.

[96] Dheda K, Cox H, Esmail A, Wasserman S, Chang KC, Lange C. Recent controversies
about MDR and XDR-TB: global implementation of the who shorter MDR-TB re-
gimen and bedaquiline for all with MDR-TB? Respirology 2018:36–45. https://doi.
org/10.1111/resp.13143.

[97] Acquired resistance to bedaquiline and delamanid in therapy for tuberculosis. N
Engl J Med 2015;373:e29.

[98] Bloemberg GV, Keller PM, Stucki D, Trauner A, Borrell S, Latshang T, et al. Acquired
resistance to bedaquiline and delamanid in therapy for tuberculosis. N Engl J Med
2015;373:1986–8.

[99] Madhuripan N, Hicks J. R, Feldmann E, Rathlev K. N, Salvador D, Artenstein W. A.
A Protocol-Based Approach to Spinal Epidural Abscess Imaging Improves
Performance and Facilitates Early Diagnosis. Journal of the American College of
Radiology 2018;15(4):648–51. https://doi.org/10.1016/j.jacr.2017.09.041.

A. Pandita, et al. J Clin Tuberc Other Mycobact Dis 19 (2020) 100151

7

http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0071
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0072
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0072
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0073
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0073
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0073
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0074
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0074
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0075
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0075
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0075
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0076
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0076
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0077
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0077
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0078
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0078
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0079
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0079
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0079
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0080
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0080
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0080
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0081
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0081
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0081
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0082
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0082
https://www.cdc.gov/tb/statistics/reports/2017/default.htm
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0083
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0083
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0083
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0084
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0084
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0084
https://doi.org/10.1093/cid/ciz914
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0086
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0086
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0086
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0086
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0087
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0087
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0087
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0087
https://doi.org/10.1016/j.ijtb.2019.09.007
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0089
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0089
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0089
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0090
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0090
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0090
https://doi.org/10.1073/pnas.0711697105
https://doi.org/10.1073/pnas.0711697105
https://doi.org/10.5588/ijtld.14.0284
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0093
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0093
https://doi.org/10.1111/resp.13143
https://doi.org/10.1111/resp.13143
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0095
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0095
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0096
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0096
http://refhub.elsevier.com/S2405-5794(20)30009-7/sbref0096
https://doi.org/10.1016/j.jacr.2017.09.041

	Challenges and controversies in the treatment of spinal tuberculosis
	Introduction
	Challenges and controversies
	Basic concepts
	Medical management
	Diagnosis
	Frequency of therapy
	Duration of therapy
	Curative end point

	Surgical management
	Complications
	Neurological involvement
	Deformity and kyphosis

	Drug resistance and newer agents

	Conclusion
	Ethical statement
	mk:H1_16
	References




