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ABSTRACT Musculoskeletal tuberculosis (TB) accounts for
approximately 10% of all extrapulmonary TB cases in the United
States and is the third most common site of extrapulmonary
TB after pleural and lymphatic disease. Vertebral involvement
(tuberculous spondylitis, or Pott’s disease) is the most common
type of skeletal TB, accounting for about half of all cases of
musculoskeletal TB. The presentation of musculoskeletal TB
may be insidious over a long period and the diagnosis may be
elusive and delayed, as TB may not be the initial consideration in
the differential diagnosis. Concomitant pulmonary involvement
may not be present, thus confusing the diagnosis even further.
Early diagnosis of bone and joint disease is important to
minimize the risk of deformity and enhance outcome.
The introduction of newer imaging modalities, including MRI
(imaging procedure of choice) and CT, has enhanced the
diagnostic evaluation of patients with musculoskeletal TB and
for directed biopsies of affected areas of the musculoskeletal
system. Obtaining appropriate specimens for culture and other
diagnostic tests is essential to establish a definitive diagnosis
and recover M. tuberculosis for susceptibility testing. A total
of 6 to 9 months of a rifampin-based regimen, like treatment
of pulmonary TB, is recommended for the treatment of drug
susceptible musculoskeletal disease. Randomized trials of
tuberculous spondylitis have demonstrated that such regimens
are efficacious. These data and those from the treatment
of pulmonary TB have been extrapolated to form the basis
of treatment regimen recommendations for other forms of
musculoskeletal TB.

INTRODUCTION
Musculoskeletal tuberculosis (TB) accounts for approx-
imately 10% of all extrapulmonary TB cases in the
United States and is the third most common type of
extrapulmonary TB after pleural and lymphatic dis-
ease. Vertebral involvement (tuberculous spondylitis,
or Pott’s disease) is the most common type of skeletal
TB, accounting for about half of all cases of musculo-
skeletal TB. The presentation of musculoskeletal TBmay
be insidious over a long period and the diagnosis may be

elusive and delayed, as TB may not be the initial con-
sideration in the differential diagnosis. The diagnosis is
often confused with malignancy. Concomitant pulmo-
nary involvement may not be present, thus confusing the
diagnosis even further.

Ancient skeletal remains dating back several thou-
sand years have preserved the history of skeletal TB.
Egyptian mummies are some of the oldest specimens
and demonstrate evidence of spinal TB, as well as psoas
abscesses (1). PCR has confirmed that these ancient
lesions are due to Mycobacterium tuberculosis and not
Mycobacterium bovis as others have suggested (2).
There is also evidence of skeletal TB, including verte-
bral disease, in pre-Columbian, NewWorld remains (3).
Molecular diagnostic studies have also confirmed these
lesions as M. tuberculosis (4, 5). These findings dem-
onstrate that TB was present in the New World prior to
the arrival of Europeans, which had been disputed for
some time.

Vertebral TB was described by Hippocrates in an-
cient Greece. Sir Percivall Pott in 1779 was the first to
describe the modern presentation of the clinical aspects
of vertebral TB when he described a patient that had
spinal deformity with paraplegia. He even proposed
drainage of adjacent paraspinal abscesses, which fre-
quently are seen in skeletal TB, and reported improve-
ment in symptoms after the procedure (6). It was not
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until the late 19th century, after the description of the
tubercle bacillus in 1882 by Robert Koch, that Pott’s
disease was linked to illness caused by M. tuberculosis.

EPIDEMIOLOGY
The incidence of TB in the United States declined sig-
nificantly during most of the 20th century and into
the 21st century. However, in the mid-1980s through
the early 1990s, there was a resurgence of this ancient
disease. Between 1985 and 1992 there were an addi-
tional 40,000 cases of TB in the United States that were
unexpected. This resurgence of TB was due to several
factors, including the human immunodeficiency virus
(HIV) epidemic and a breakdown in the public health
infrastructure in the United States for TB control due
to decreases in funding. As cases of pulmonary TB in-
creased, a rise in the number of extrapulmonary disease
cases, including musculoskeletal TB, was seen. Enhanced
efforts at TB control (including increased funding) were
implemented in response to the resurgence and led to
a subsequent decline in TB cases and incidence in the
United States beginning in 1993. In 2015, a total of
9,557 TB cases were reported in the United States, for
a TB rate of 3.8 cases per 100,000 population, which is
the lowest ever reported (7). Most TB cases in the United
States (approximately two-thirds) now occur among
foreign-born persons, reflecting the global TB epidemic
(7). The large majority of extrapulmonary TB cases,
including musculoskeletal TB, diagnosed in the United
States also occur among foreign-born persons.

Bone and joint TB cases have consistently accounted
for 2 to 3% of all reported TB cases in the United States
despite an overall decrease in total TB cases (Table 1);
in some series reported from outside the United States,
>6% of TB cases have been due to bone and joint dis-
ease (8). Data from the preantibiotic era demonstrated
that half of those with musculoskeletal TB had evidence
of coexisting pulmonary disease (9). As the number of
reported TB cases and incidence of TB disease have de-
creased in the United States, an increasing racial dis-
parity has been noted, with more cases occurring among
minorities and the foreign-born. Reports from the United
States and United Kingdom have indicated that about
three-fourths of all patients with musculoskeletal TB are
foreign-born (10). This is important for clinicians to re-
member, as multiple studies have shown that immigrants
(i.e., foreign-born persons) have accounted for an in-
creasing percentage of extrapulmonary TB cases and the
diagnosis is often delayed (7, 8, 10, 11). Extrapulmonary
TB is more common among patients with HIV infection,

but musculoskeletal TB is not necessarily increased in
HIV-seropositive patients compared to those that are
HIV seronegative (12). Tumor necrosis factor alpha
(TNF-α) inhibitors have been shown to greatly increase
the risk of disseminated TB disease among patients with
latent TB infection, and recent reports have noted that
this includes the development of serious musculoskeletal
infections (13).

In countries where TB is endemic, older children
and young adults are most commonly affected with
musculoskeletal TB, while in developed countries, the
disease is often seen in older persons (14). Histori-
cally, musculoskeletal TB was a disease of children and
adolescents, often seen developing within a few years
after primary infection. In resource-limited areas, this
is still often the case, whereas in the developed coun-
tries, musculoskeletal TB most commonly results from
reactivation.

Osteoarticular lesions result from hematogenous
spread of a primary infection. Any bone, joint, or bursa
can be infected, but the spine, hip, and knee, in order
of frequency, are the preferred sites of infection, repre-

TABLE 1 Numbers and proportions of musculoskeletal TB
cases in the United States, 1993 to 2015a

Yr

No. of bone/
joint/skeletal
TB cases

% of U.S. cases
due to bone/
joint/skeletal TB

Total no. of
TB cases
reported (U.S.)

1993 641 2.55 25,102

1994 563 2.33 24,206

1995 541 2.38 22,726

1996 559 2.64 21,210

1997 511 2.59 19,751

1998 491 2.69 18,286

1999 471 2.69 17,499

2000 457 2.80 16,308

2001 433 2.72 15,945

2002 462 3.07 15,055

2003 435 2.93 14,835

2004 435 3 14,499

2005 423 3.01 14,060

2006 421 3.07 13,728

2007 376 2.83 13,282

2008 389 3.02 12,893

2009 357 3.1 11,520

2010 357 3.2 11,159

2011 357 3.4 10,510

2012 343 3.45 9,942

2013 328 3.43 9,550

2014 313 3.33 9,406

2015 297 3.11 9,557

aData obtained from CDC, Division of TB Elimination.
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senting 70 to 80% of infections (14, 15). The diagnosis
of musculoskeletal TB is often delayed due to the indo-
lent nature of the disease and low clinical suspicion in
areas with a low incidence of TB disease. In a series of
194 patients from India with musculoskeletal TB, 30%
of cases occurred during the second decade of life, 22%
in the first decade, 18% in the third decade, and 14% in
the fourth decade (16). However, in developed countries
with a lower prevalence of TB, musculoskeletal TB is
seen more frequently in the adult age group, especially
among foreign-born persons.

Vertebral or spinal TB is the most common type of
musculoskeletal TB, accounting for about 50% of cases
in most series. In Los Angeles County, CA, a total of 220
cases of musculoskeletal TB were registered between
1990 and 1995; the distribution of sites was as follows:
118 (54%) had vertebral TB, 56 (26%) had joint in-
volvement (29 cases [13%] with knee involvement,
18 [8%] with hip involvement, and 9 [4%] with wrist
involvement), and 10 (4%) had soft tissue/muscle in-
volvement (Table 2) (15). A report from India with 194
cases of musculoskeletal TB noted reported the distri-
bution of cases as follows: 49% had vertebral disease,
34 (18%) had knee involvement, 32 (16%) had hip in-
volvement, 15 (8%) had ankle/foot involvement, 8 (4%)
had elbow involvement, 4 (2%) had hand involvement,
and 3 (1%) had wrist involvement (16). Other sites in
this series with two or fewer cases included the ileum,
shoulder, rib, pubis, calcaneus, femur, and sacro-iliac
joint. TB can also cause disease of the peripheral joints,
skull, and ribs, but these are less commonmanifestations
(17).

PATHOGENESIS
The common lesion in skeletal TB consists of both
osteomyelitis and arthritis. Bone involvement usually is
the result of hematogenous spread of M. tuberculosis
(especially occurring following primary infection), but
bone and joint involvement can also be due to lym-
phatic drainage or secondary to a contiguous focus
of disease. The growth plates (metaphyses) receive the
richest blood supply and are most often the initial site
of infection. Tubercle bacilli invade the end arteries,
causing endarteritis and bone destruction through the
epiphysis. After crossing the epiphysis, bacilli can drain
into the joint space, resulting in tuberculous arthritis, or
form a sinus tract after being released from the destroyed
bone. M. tuberculosis does not produce any cartilage-
destroying enzymes as are seen in pyogenic infections.
If the infection progresses without treatment, abscesses
surrounding the joint or bone may develop. These are
often described as being “cold” abscesses. The abscesses
may rupture, forming sinus tracts which have long been
associated with musculoskeletal TB. Healing of mus-
culoskeletal TB, especially of the joints, involves the
formation of fibrous scar tissue. Calcifications are also
frequently seen in healed lesions, especially if an abscess,
infected bursa, or paraspinous mass was involved. A cal-
cified psoas muscle in someone with healed Pott’s disease
(spinal TB) is a classic example of this. The same hema-
togenous spread of tubercle bacilli can also primarily
infect the synovium, bursae, or tendon sheaths, although
this occurs much less frequently than bone involvement.

In children, the main route of infection in skeletal TB
is through hematogenous spread from a primary source.
Children may also experience musculoskeletal TB from
reactivation of a quiescent focus after the development
of latent TB infection, as occurs not uncommonly among
adults. Children historically have been most affected
with musculoskeletal TB because of the increased vas-
cularity of their bones during growth, thus making them
more susceptible during the period of hematogenous
dissemination (e.g., following primary infection). Large
weight-bearing bones and joints are the most commonly
affected. Muscles are rarely primarily infected in adults
or children, but tuberculous myositis may occur sec-
ondarily from contiguous bone infection or a draining
sinus tract, as is seen with psoas muscle involvement
that occurs secondary to Pott’s disease (18).

After the dissemination of bacilli to the bone, a gran-
ulomatous inflammatory response ensues. Biopsies of
bone samples from those with skeletal TB reveal few or-
ganisms compared with pulmonary TB. The infected area
consists of abscess and granulation tissue, and histology

TABLE 2 Anatomic sites of musculoskeletal TB reported in
Los Angeles County from 1990 to 1995

Group Site No. % of group % of total

Spine (n = 118) Cervical 6 5 3

Thoracic 45 38 21

Lumbar 65 55 30

Sacrum 2 2 1

Peripheral joints
(n = 78)

Hip 18 23 8

Knee 29 37 13

Ankle 5 6 2

Foot 7 9 3

Shoulder 4 5 2

Elbow 5 6 2

Wrist 9 12 4

Finger 1 1 0.5

Other (n = 24) Other Bone/
soft/tissue/
muscle

14 58 6

10 42 4
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demonstrates giant cells, epithelioid histiocytes, and a
mantle of lymphocytes and plasma cells, with an outer
layer of proliferating fibroblasts and granulation tissue.
As the area of infection enlarges, the center becomes
necrotic, resulting in an area of caseating necrosis. This
caseation may progress to cause bone expansion and
eventually destruction of the cortex. A pathological fea-
ture of tuberculous osteomyelitis is that there is usually no
bone regeneration (sclerosis) or periosteal reaction (19).

PATHOPHYSIOLOGY
Tuberculous Spondylitis
Sir Percivall Pott described the classic presentation of
vertebral TB in 1779 as destruction of two or more con-
tiguous vertebrae and apposed end plates, commonly
associated with a paraspinal mass or abscess (20).
In 1936, Compere and Garrison from the University
of Chicago provided classic descriptions of vertebral
TB, comparing radiologic findings with pathology and
autopsy findings (21). They also compared findings
at autopsy of patients with tuberculous spondylitis and
pyogenic infections. Their descriptions of tuberculous
spondylitis noted that the anterior portion of the verte-
bral body is much more commonly affected than the
posterior components of the vertebrae. From this site,
TB may spread to adjacent intervertebral disks. More
than one vertebra is usually involved because of the
contiguous spread along the anterior longitudinal liga-
ments. Skip lesions can also occur.

Tuberculous spondylitis begins with infection of the
subchondral bone that then spreads to the cortex. The
cartilage resists destruction by M. tuberculosis and de-
spite there being a rich blood supply to the vertebrae,
there is no blood supply to the disk (22). The anterior
portion of the vertebral body is the most affected, with
sparing of the posterior components. Involvement of
the posterior components (i.e., laminae, pedicles, trans-
verse processes, and spinous processes) is rare (23). In
children, the intervertebral disk is vascularized; there-
fore, tuberculous diskitis in children may be the result
of primary infection. In adults, the disk is avascular and
disk disease is due to the contiguous spread of infection
from the vertebral body. The narrowing disk space vis-
ible in adults on plain radiography is more often due
to collapse of the vertebral end plate than to destruction
of the disk itself (24). Collapse of the anterior spinal
elements results in a kyphotic deformity, giving the
hunchback appearance and Gibbus deformity associated
with Pott’s disease. TB of the vertebral skeleton causes
lytic destruction without new bone formation (sclerosis).

The infection can extend to the soft tissue, forming
paraspinal abscesses. The degree of the kyphosis is pro-
portional to the initial loss of vertebral body volume and
continues until the vertebral bodies meet anteriorly or
until the caseous material and granulation tissue mature
into bone (25).

Vertebral TB most commonly involves the thoracic
and lumbar regions of the spine. Historically, the tho-
racic vertebrae have been the most commonly affected
area of the spine. Some reports have indicated that the
thoracic spine is involved in about 50% of spinal TB
cases, whereas the lumbar spine is involved in 25% of
cases (26). Cervical and sacral involvement occurs less
frequently. However, other more recent reports have sug-
gested that among adults, lumbar involvement may be
most common. Of 118 cases of vertebral TB reported from
a series in Los Angeles, 65 patients had lumbar tuberculous
spondylitis, 45 thoracic, 6 cervical, and 2 sacral. Cervical
involvement is frequently associated with retropharyngeal
abscess and severe neurologic defects (27).

Spinal deformity and paraplegia/quadriplegia are the
most common and serious complications of TB of the
spine. Rarely do they result directly from the kyphotic
defect unless it is severe enough to cause subluxation
of the spine. Paraplegia can be due to compression of
the spinal canal by an adjacent abscess, sequestra of the
vertebral body or disk, or direct dural invasion. Cervical
vertebral TB is highly associated with early and severe
neurologic compromise (28).

Paraspinal abscesses are quite common in vertebral
TB, occurring in more than 90% of cases. The abscess
may extend anteriorly to adjacent ligaments and soft
tissues, or it may also extend posteriorly into the epi-
dural space. Because the abscesses can spread beneath
the ligament, distant sites may be involved. There are
also reports of tuberculous paraspinal abscesses eroding
into internal organs or to the body surface (29). Lum-
bar disease may spread into or beneath the psoas-iliac
muscle, causing abscesses in the thigh. Sacral lesions
have been reported to extend into the perineum.

Pyogenic abscesses differ from vertebral TB in sev-
eral ways. Pyogenic abscesses destroy the disk rapidly,
resulting in early disk space narrowing. Calcification
of a large paraspinous abscess, which may be seen with
TB, is not a prominent feature of a pyogenic abscess. In
a study comparing pyogenic, tuberculous, and brucellar
vertebral osteomyelitis in Spain, patients with vertebral
TB were found to be more likely to have a prolonged
clinical course, thoracic segment involvement, absence
of fever, presence of spinal deformity, neurologic deficit,
and paraspinal or epidural masses (30).
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Tuberculous Osteomyelitis and Arthritis
Tuberculous osteomyelitis may extend to a joint or teno-
synovium. In adults, the lesion may be single and affect
any bone, including long bones, the pelvis, ribs, and
skull. In children, multiple lesions in long bones domi-
nate, but the bones of the hands and feet may be af-
fected. Tuberculous dactylitis (involvement of the short
bones of the hands or feet) is more common among
children than adults. Tuberculous osteomyelitis has a
predilection for the metaphysis of long bones such as
the femur, tibia, and ulna. In children, TB may violate
the growth plate and lesions of the epiphysis may ex-
tend into the joint space. Destruction of the epiphyseal
growth plates in children can also result in shortening
of the affected limb. Although uncommon, TB can also
involve the ribs and skull. The skull contains little can-
cellous bone which is usually affected by M. tuberculo-
sis. Disease involving the skull occurs more often in
children and anecdotally may be associated with head
trauma (31). In a review of 223 cases of TB involving the
skull, Strauss found that only 15 had associated central
nervous system disease (10 with meningitis and 5 with
cerebral TB). This is thought to be due to the dura being
resistant to infection with M. tuberculosis (32). TB of
the ribs can occur either by hematogenous seeding of
the ribs or, in some cases, due to contiguous spread in a
patient with pulmonary disease. TB of the ribs (Fig. 1) is

an uncommon manifestation of the disease but is the
second most common cause of nontraumatic rib lesions
after malignancy (33). A closed cystic form of skeletal
TB can occur, especially in the long bones, and may not
have associated sclerosis, osteopenia, or abscess/sinus
tract formation as in other forms of skeletal TB. This
form of TB is more likely to occur in children andmay be
misdiagnosed as a malignancy (34, 35).

Tuberculous osteomyelitis is frequently complicated
by tuberculous arthritis (discussed below) as well as by
the development of cold abscesses that may form around
the adjacent bone process and can rupture, creating
draining sinus tracts (Fig. 2). Cold abscesses are com-
posed of white blood cells, products of caseating necro-
sis from the tubercle, bone debris, and tubercle bacilli.
Cold abscesses appear to occur commonly among HIV-
infected patients.

Several reports have noted an association between
mechanical factors such as trauma and the development
of skeletal TB. In a Canadian study of 99 patients with
skeletal TB, 30 had a history of trauma preceding their
presentation and 7 had a recent history of intra-articular
steroid injection. This may also explain why weight-
bearing joints are most frequently involved. Trauma
may be associated with skeletal TB because of resulting
increased vascularity, decreased resistance, or unmask-
ing of latent infection (15, 31).

Tuberculous Arthritis
Tuberculous arthritis most typically involves large
weight-bearing joints such as the hip and the knee,
although any other joint may be affected. Invasion of
the joint space may be either hematogenous seeding
or indirectly from lesions in epiphyseal bone (in adults)
or metaphyseal bone (in children) eroding into the
joint space. Contiguous spread of TB from other organs
to bones may also occur. In long bones, hematogenous
spread commonly affects the synovium, causing an ero-
sive deforming arthritis that is monoarticular in about
90%of cases. Initially, the synovium develops an inflam-
matory reaction, followed by formation of granulation
tissue, which leads to the development of a pannus. The
pannus can erode the margins and surface of the joint.
As the effusion develops, fibrin may precipitate, forming
“rice bodies” seen in the synovial fluid, bursae, and
tendon sheaths. Rice bodies are not unique to TB, as they
can also be seen in rheumatoid arthritis. The infection
then spreads to the epiphysis and upper metaphysis
on either side of the joint through the periarticular vas-
culature. The granulation tissue erodes and eventually
destroys the cartilage, eventually leading to demineral-

FIGURE 1 TB of the rib. Shown is a postero-anterior radio-
graphic view of the chest of a man after 3 months of suc-
cessful anti-TB chemotherapy. Note the mass in the left chest
with destruction of a portion of the adjacent rib. A biopsy
and culture confirmed TB. The mass resolved with continued
therapy.
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ization of the bone and caseating necrosis. In advanced
and late disease, paraosseous cold abscesses develop
surrounding the joints. Spontaneous drainage of cold
abscesses results in sinus tract formation.

Poncet’s Disease (Poncet’s Arthritis)
Poncet’s disease is a reactive polyarthritis usually asso-
ciated with extrapulmonary TB (e.g., visceral or dissemi-
nated TB) in the absence of any evidence of mycobacterial
infection of the joints. Poncet’s disease was originally
described by Charcot in 1864 and Lancereaux in 1871,
but Anton Poncet first gave a detailed description of
this syndrome when he described polyarthritis occurring
in a 15-year-old with suppurative TB of the hip in 1897
(36). Poncet’s arthritis is a reactive form of arthritis
and is a separate entity from TB directly affecting joint
spaces. Usually, it occurs during acute TB infection and is
a polyarticular process associated with fever. Erythema
nodosummay be a hallmark of disease. The pathogenesis
of Poncet’s disease is unclear. As noted, joint fluid anal-
ysis does not reveal the presence of M. tuberculosis dis-
ease in the joint space, and clinical symptoms resolve
with anti-TB therapy. In a recent review, extrapulmonary
TB was present in half of the patients with Poncet’s dis-
ease, and only 6% of the patients presented with ery-
thema nodosum (37).

Tuberculous Myositis
Tuberculous myositis is an uncommon manifestation of
the disease and usually the result of contiguous infection,
especially seen in Pott’s disease (38, 39). Tuberculous

myositis can also be “primary” (i.e., a cause of pyo-
myositis), resulting from hematogenous spread, but this
is a less common manifestation of disease and much less
likely to occur than myositis due to secondary or con-
tiguous spread (18, 40). The tuberculous lesion of pri-
mary myositis may present as a solitary nodule with
epithelioid granuloma and caseating necrosis or a cystic
formation containing a gelatinous material enclosed
by a thick wall (41). The most common presentation
of tuberculous myositis is a psoas abscess due to a com-
plication of and contiguous spread from tuberculous
spondylitis; this may extend below the inguinal ligament
(38). Tuberculous myositis has been reported more fre-
quently among HIV-infected patients (42).

CLINICAL FEATURES
The onset of musculoskeletal TB is usually an insidious
process that often takes months and occasionally years
from the first symptoms to the time of diagnosis. Pre-
sentation depends upon the stage of the disease, site
of the disease, and presence of complications such as
neurologic deficits, abscesses, or sinus tracts. Local pain
and tenderness are generally the presenting symptoms,
followed by impairment of function and swelling of the
affected part. Regional muscle wasting and joint defor-
mity are common findings. In some cases, a painless cold
abscess (Fig. 2) may be the only presenting clinical fea-
ture for an extended period. Systemic symptoms such as
fever, night sweats, and weight loss may be seen with
early disease but are more likely to occur with advanced
cases. About half of the cases of musculoskeletal TB
have evidence of active or healed pulmonary TB (16). A
single site of involvement is generally seen, but multiple
locations are not uncommon. Multiple lesions occur
more often in those who are immunocompromised, in-
cluding persons with HIV infection. Several studies have
reported that >90% of patients with musculoskeletal
TB were tuberculin skin test positive (43); however,
these studies were largely carried out in the pre-HIV era.

Tuberculous Spondylitis
Tuberculous spondylitis remains the most common
manifestation of musculoskeletal TB. The progression
of disease is usually slow and insidious, and the main
symptom, back pain, is not specific. This frequently re-
sults in delayed diagnosis, resulting in diagnosis from
weeks to years after the onset of symptoms. Pertuiset
et al. reported a median of 4 months’ duration of
symptoms prior to diagnosis, with a range of 1 week to
3 years among 103 patients with spinal TB, and noted

FIGURE 2 This photograph demonstrates a cold abscess of
the chest wall in a patient with TB. Aspiration of this mass
yielded material that was AFB smear positive, and the culture
yielded M. tuberculosis.
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weight loss in 48%, fever (>38°C) in 31%, and night
sweats in 18% (44). As the disease advances, cold ab-
scesses, neurologic deficits, sinus tract formation, and
kyphotic deformities can develop. Cold abscesses of
the paraspinal tissues or psoas muscle abscesses may be
large and found to protrude under the inguinal ligament
when a patient is examined for the first time. Some de-
gree of kyphosis is frequently present. Weakness and
paralysis of the lower extremities may occur early during
the disease process. HIV infection has not been shown to
alter the clinical presentation or course of tuberculous
spondylitis (12).

On physical examination, there may be focal tender-
ness over the spinal processes as well as back spasm.
Fluctuance, erythema, and focal warmth on exam are
unusual findings, as the spinal infection typically in-
volves the anterior column of the spine (45). Range-of-
motion testing may produce severe pain, and especially
with advanced disease, focal kyphosis can be seen on
physician examination. Neurologic symptoms may be
subtle at first and progress over time. Initially, these in-
clude numbness and tingling in the lower extremities or
a subjective sense of weakness with activity. With more
advanced disease there is evidence of spinal cord com-
pression, which can result in paraplegia. Between 10
and 25% of patients in reported case series have had
paraplegia (44). Patients with cervical disease are prone
to developing neurologic compromise very quickly and
may develop retropharyngeal abscesses (27, 46, 47).
Cervical TB can also manifest as torticollis, dysphagia,
hoarseness, and cranial nerve 12 palsy, depending upon
which level of the cervical spine is affected (48). The
degree of neurologic damage correlates with prognosis,
with those presenting with complete motor loss being
unlikely to recover neurologically. Extrinsic cord com-
pression can occur due to vertebral subluxation, collapse
of a vertebral body, or an extradural abscess.

Tuberculous Arthritis
Tuberculous arthritis usually occurs as a monoarthritis
mostly of weight-bearing joints such as the knee, hip,
or ankle. It is slowly progressive and characterized by
painful, boggy swelling caused by synovial hypertrophy
and effusion (Fig. 3). Eventually, ankylosis of the joint
may occur. Periarticular abscesses and draining sinus
tracts are late findings. Pain is such a prominent symp-
tom that it may lead to immobility of the affected joint.
Prolonged immobility may eventually lead to defor-
mity, especially of the knee and hip. Tuberculous ar-
thritis clinically can mimic other processes such as gout
or juvenile rheumatoid arthritis, making the diagnosis

confusing and delayed (49). Polyarticular tuberculous
arthritis has been reported but is rare (50).

Tuberculous Osteomyelitis
Tuberculous osteomyelitis often occurs in conjunction
with tuberculous arthritis, but it can occur as a dis-
tinct entity without joint involvement. In adults, tuber-
culous osteomyelitis without joint involvement usually
presents as a single lesion, usually in the metaphysis of
long bones (e.g., femur and humerus), although the ribs,
pelvis, skull, mastoid, and mandible can be affected. In
children, older adults, and immunocompromised per-
sons, including those with HIV infection, the lesions may
be multiple (51). In children, the lesions may affect the
short bones of the hands and feet; tuberculous dactylitis
has been reported to occur in adults but is unusual.
Patients with widespread lesions may be misdiagnosed
as having a malignant process. Bacterial superinfection
can also mask the diagnosis and presentation, as there
are reports of infection due to coexisting Staphylococcus
aureus infection and TB (52, 53).

Tuberculous osteomyelitis usually manifests with pain
and swelling adjacent to the bone, with eventual limi-
tation of movement of the affected limb. Symptoms
may be present for 6 to 24 months before a diagnosis
is made. Fever, weight loss, and night sweats are often
present. Abscesses and sinus tracts may occur, often later
in the course. Tuberculous involvement of the skull may
be associated with headaches and soft tissue masses.

FIGURE 3 Swollen knee of a patient with tuberculous arthritis.
An HIV-infected patient presented with a painful, swollen
knee. He had a recent history of trauma to the knee. On ex-
amination the knee was warm and an effusion was present.
Culture of the synovial fluid following arthrocentesis grew
M. tuberculosis.
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TB involving the ribs manifests with chest pain and
sometimes with a “cold” chest wall mass (Fig. 2). In-
fection of bones of the head and neck, especially the
mastoid and mandible, has been reported to result from
tuberculous otitis and disease involving the oral cavity.
Facial paralysis can occur secondarily to tuberculous
mastoiditis (54). TB of the temporomandibular joint has
also been reported as a cause of chronic temporoman-
dibular joint pain (55). TB of the sternum canmanifest as
anterior chest pain (56).

Tuberculous Tenosynovitis
Tuberculous tenosynovitis is an unusual manifestation
of the disease. When it occurs, it may occur in conjunc-
tion with another form of skeletal TB, such as TB of
the carpal bones in the hand or, rarely, hematogenous
spread to the synovium (57). Carpal tunnel syndrome is a
common presentation of tuberculous synovitis (58, 59).
Carpal tunnel syndrome occurs when the median nerve,
going through the flexor compartment of the wrist, is
compressed secondarily to thickening and edema of the
tendon sheath. Diagnosis is often made late in the course
due to its slow progression, indolent symptoms, and the
fact that the diagnosis may be delayed because infectious
causes are not considered initially (60). Presenting symp-
toms include swelling, followed by wrist pain, numb-
ness and tingling of the fingers, and decreased range
of motion (57). Other causes of carpal tunnel syndrome
in the differential diagnosis include trauma, diabetes,
amyloidosis, and sarcoidosis. Another presentation of
tuberculous tenosynovitis is a ganglion formation along
the volar carpal ligament that manifests with soft tissue
swelling above the flexor retinaculum (61).

DIAGNOSIS
A high index of suspicion is needed for the diagnosis of
musculoskeletal TB, especially given the insidious onset
of symptoms and reports of a long duration between
onset of symptoms and diagnosis of disease. In coun-
tries with a high burden of TB disease, musculoskeletal
complaints may be attributed to TB correctly based on
clinical and radiologic examination. In the developed
world with a lower incidence of TB, the diagnosis may
not be initially considered and the diagnosis is frequently
delayed. Any bone or joint may be involved, but the
spine and weight-bearing joints are the most common
sites of infection. Pain is the most common complaint
that leads a patient to seek medical care, and TB should
be considered in the differential diagnosis of the cause
of skeletal pain. Interestingly, local pain, swelling, and

limitation of movement may even on occasion precede
radiographic findings by up to 8 weeks (62). Cold ab-
scesses can occur and sometimes with draining sinus
tracts, but this is usually seen in advanced, untreated
disease or among patients with HIV infection. The dif-
ferential diagnosis of musculoskeletal TB includes other
infectious causes of musculoskeletal disease (bacterial,
fungal, and other mycobacterial pathogens), as well as
malignancy, rheumatologic conditions, and sarcoidosis.

Imaging techniques, which include conventional ra-
diography, computed tomography (CT), and magnetic
resonance imaging (MRI), are useful in evaluation of
patients with suspected musculoskeletal TB and other
skeletal diseases. Use of newer techniques such as CT,
MRI, and CT-guided fine-needle aspiration biopsy has
revolutionized the diagnostic approach and has resulted
in more accurate results and much less invasive pro-
cedures than when only plain radiography and open
biopsy were available. Previously, conventional radiog-
raphy had been the mainstay in the diagnosis of tuber-
culous arthritis and osteomyelitis. However, MRI is
now accepted as the imaging modality of choice for
diagnosis of tuberculous spondylitis and other types
of musculoskeletal TB and can demonstrate the extent
of the disease of tuberculous spondylitis and soft tissue
TB (63, 64). MRI may be very helpful in providing
diagnostic clues in the evaluation of spondylodiscitis,
as it may easily demonstrate anterior corner destruc-
tion, the relative preservation of the intervertebral disk,
multilevel involvement with or without skip lesions,
and a large soft tissue abscess, as these are all arguments
in favor of a tuberculous spondylitis (versus a pyogenic
infection).

Since there are no pathognomonic radiographic find-
ings, the diagnosis is usually made by tissue biopsy
and/or culture data (14). Needle aspiration and biopsy
can confirm the diagnosis with the findings of caseating
granuloma and the presence of acid-fast bacilli (AFB). A
positive culture for M. tuberculosis provides definitive
evidence of tuberculous disease and allows antimicrobial
susceptibility testing to be performed, which is essential
for helping to prescribe optimal therapy. Fine-needle
aspiration biopsy of involved bone (often CT directed)
to obtain specimens for culture is useful diagnostically
as well as for the draining of abscesses in certain situa-
tions (65). In addition to modern culture techniques
performed on specimens obtained by biopsy of involved
tissues, the use of molecular diagnostics to detect the
presence of M. tuberculosis has the potential to im-
prove the ability to diagnose skeletal and other types
of musculoskeletal TB. While nucleic acid amplification
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tests have demonstrated high sensitivity and specificity
for AFB smear-positive respiratory specimens, there
are limited data on the utility of these tests for extra-
pulmonary TB (66). This is especially the case for the
use of these molecular diagnostic tests for musculo-
skeletal TB. The currently commercially available and
FDA-approved nucleic acid amplification tests are not
approved for use in extrapulmonary TB, including mus-
culoskeletal cases. While further data are needed on the
utility of these tests in the aid of diagnosis of musculo-
skeletal TB, recent reports from South Africa appear
promising and suggest that Xpert MTB/RIF may be
a valuable diagnostic test for musculoskeletal TB in
both adults and children (67, 68). Recent TB diagnostic
guidelines published by the American Thoracic Society,
Infectious Diseases Society of America, and CDC sug-
gest that the quality of data for the utility of nucleic acid
amplification tests performed on specimens from pa-
tients with suspected extrapulmonary TB is low: the test
results are specific but may lack sensitivity (69). This
suggests that a positive Xpert MTB/RIF is valuable but
that a negative test does not rule out extrapulmonary
TB, in this case musculoskeletal TB.

Tuberculous Spondylitis
Plain radiography is often the first imaging technique
employed by clinicians when considering tuberculous
spondylitis. At least 30 to 50% of the vertebra needs to
be destroyed before the disease can be detected on plain
radiography, making this an insensitive diagnostic tool
(Fig. 4) (19, 70). Plain radiography may reveal several
features indicative of tuberculous spondylitis, such as
osteoporotic end plates, involvement of multiple levels,
and anterior destruction leading to collapse (Table 3).
Sometimes a paravertebral abscess or enlarged psoas
muscle may be observed on plain radiography. Plain
radiography will show calcifications in abscesses if they
are present. Atypical features that may be seen on radi-
ography include involvement of posterior elements,
single vertebral involvement, and an “ivory” vertebra,
which is the result of diffuse sclerosis (71).

Nuclear medicine imaging is not very useful in diag-
nosing tuberculous spondylitis because of its low sensi-
tivity and is not recommended as a diagnostic imaging
modality in the evaluation of patients with spondylitis.
CT scanning is superior to both plain radiography and
nuclear medicine imaging. CT has also proved useful in
determining the extent of soft tissue infection, such as
abscesses and draining sinus tracts as well as soft tissue
calcifications (Fig. 5). Irregular lytic lesions, sclerosis,
and disk collapse all can be demonstrated on CT. CT is

also very helpful in providing guidance for percutaneous
drainage and biopsy of vertebra-associated lesions and
abscesses (72).

As noted above, MRI is the imaging modality of
choice for the evaluation of patients with suspected tu-
berculous spondylitis because it detects early marrow
and paraspinal soft tissue changes with multiplanar ca-
pabilities and excellent soft tissue contrast resolution
(19, 70). Contrast-enhanced MRI scanning is the opti-
mal test for defining intraspinal extension, focal mye-
lopathy, and spinal cord or nerve root compression
(14). Paravertebral abscesses are often seen at multiple
levels and show peripheral enhancement with central
necrosis on contrast-enhanced images (20). MRI allows
the entire spine to be viewed and provides high-contrast
resolution. By comparing T1 and T2 weighted images,
one can accurately differentiate various diseased tissues,
delineate clearly vertebral bodies, and detect marrow
infiltration, intervertebral disks, intraspinal contents,

FIGURE 4 Plain film radiograph of the lumbar spine of a pa-
tient with tuberculous spondylitis demonstrating anterior end
plate destruction, sclerosis, loss of disk space, and evidence
of bony debris. These findings are suggestive of tuberculous
spondylitis. A CT-directed biopsy was performed to obtain
material for cultures, which yielded M. tuberculosis.
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posterior vertebral components, meningeal involvement,
and paraspinal tissues (Fig. 6). MRI best demonstrates
the origin of the pathological tissue causing spinal cord
compression (Fig. 6) by differentiating pus and granu-
lation tissue from the bony, disk, or fibrotic causes of
compression, thus helping to avoid unnecessary and
aggressive surgical decompression (73).

Newer imaging techniques are helpful in distinguish-
ing tuberculous spondylitis from other infectious etiol-
ogies and from neoplastic processes (Table 4). Two
distinct patterns of vertebral TB may be seen. The first is
the classic finding of spondylodiscitis, characterized by
destruction of two or more contiguous vertebrae and
opposed end plates, disk infection, and commonly a
paraspinal mass or collection. The second pattern, in-
creasing in frequency, is an atypical form of spondylitis
without disk involvement (74). The combination of
clinical findings, characteristic lesions on plain radiog-
raphy, CT, and MRI, and sometimes either with a pos-
itive tuberculin skin test or gamma interferon release
assay or evidence of pulmonary TB strongly suggests the
diagnosis of tuberculous spondylitis. CT-directed biopsy
can also be helpful by providing means for a directed
biopsy to definitively make the diagnosis by obtaining
material for pathological examination, culture, nucleic
acid amplification testing (e.g., Xpert MTB/RIF), and
susceptibility testing. It is essential to obtain appropriate
specimens for mycobacterial cultures and other diag-
nostic tests to establish a definitive diagnosis. In spinal
TB, a CT-guided biopsy often yields the diagnosis. Open
spinal biopsy is generally reserved for cases of difficult
diagnosis or when surgical therapy is otherwise indi-
cated (14, 26).

Tuberculous Arthritis
The classic triad of juxta-articular osteoporosis, pe-
ripheral osseous erosion, and gradual narrowing of
the joint space comprises radiologic characteristics of
tuberculous arthritis which were described by Phemister
and Hatcher in 1933 (75). The joint space is preserved

early in tuberculous arthritis, as opposed to most pyo-
genic infections, in which there is early destruction of
cartilage due to the production of proteolytic enzymes
by bacterial pathogens. The radiologic characteristics
of pyogenic, tuberculous, and rheumatoid arthritis are
shown in Table 5. The differential diagnosis of tuber-
culous arthritis includes bacterial and fungal infections
of the joint as well as noninfectious processes (e.g.,
rheumatologic). Pyogenic (bacterial) arthritis is usually
a monoarticular process as is seen with tuberculous
arthritis, but the time course is usually more acute in
those with a pyogenic bacterial infection than the more
chronic and initially indolent course seen among pa-
tients with tuberculous arthritis. Trauma or bacteremia
is frequently associated with pyogenic arthritis. No-
cardia spp., Brucella spp., and Sporothrix schenckii
can also cause a chronic monoarthritis resembling TB.
In addition to pyogenic and other inflammatory pro-
cesses, pigmented villonodular synovitis, which can
cause synovial thickening and joint erosions, needs to be
included in the radiographic differential diagnosis of
TB arthritis (71).

Radiologic studies may provide some clues to the di-
agnosis as discussed above (Table 5) but cannot defini-
tively differentiate bacterial from tuberculous arthritis.
Because the process begins with synovial thickening and
an effusion, joint space swelling is the first radiographic
sign. Bone sequestration and dense triangular collections
may be found at the edge of the joint. Marginal erosions
are especially prominent in the weight-bearing joints

TABLE 3 Radiographic characteristics of tuberculous
spondylitis

Multiple levels involved

Lytic destruction of anterior portion of vertebral body

Disk space narrowing

Vertebral end plate osteoporosis

Increased anterior wedging

Collapse of vertebral bodies
Paravertebral shadow of an abscess, sometimes with calcification

Enlarged psoas muscle shadow, often with calcifications

FIGURE 5 CT evaluation of patients with tuberculous spon-
dylitis. CT demonstrated a large right psoas abscess in an HIV-
infected patient with tuberculous spondylitis of the lumbar
spine. A percutaneous drain was placed into the psoas ab-
scess, and the fluid culture yielded M. tuberculosis.
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(Fig. 7). Sclerosis is usually not seen in tuberculous ar-
thritis except in children, in whom a layered periosteal
reaction can be seen (19, 76). Eventually, severe joint
destruction and fibrous ankylosis occur when the pro-
cess is left untreated (Fig. 8 and 9).

Martini and Ouahes (43) summarized the radiologic
changes of tuberculous arthritis in the following classi-
fication, which also reflects the pathogenesis of the in-
fectious process:

• Stage I: no bony lesions, localized osteoporosis
• Stage II: one or more erosions or lytic lesions in the

bone; discrete diminution of the joint space
• Stage III: involvement and destruction of the whole

joint without gross anatomic disorganization
• Stage IV: gross anatomic disorganization

CT imaging of the joint may be useful for evaluating
bony destruction and soft tissue swelling or abscess
and any evidence of bony sequestration (Fig. 10), but
in general, MRI is considered the imaging test of choice

for musculoskeletal TB. MRI can detect earlier changes,
especially synovial thickening and periarticular soft tis-
sue changes, and has even been shown to demonstrate
rice bodies in the joint space (77). An absence of marrow
enhancement on MRI along with bony erosions is sug-
gestive of tuberculous arthritis rather than a pyogenic
process (76). MRI may reveal hemosiderin deposits in
the synovium and demonstrate the erosions that occur
with advanced disease and are often centrally located. As
discussed below, a definitive diagnosis should be made.
Pursuing arthrocentesis to obtain appropriate specimens
(e.g., synovial fluid) or performing a synovial biopsy to
obtain specimens for bacterial, fungal, and mycobacte-
rial culture is crucial in establishing a definitive diagnosis
and to recover the organism to make a microbiological
diagnosis so that susceptibility testing can be performed.
The synovial fluid is often nondiagnostic, and biopsy
and culture of the synovium and periarticular bone are
often necessary to make the diagnosis (14).

Tuberculous Osteomyelitis
Radiographically, tuberculous osteomyelitis is often
confused with malignancy, especially if the lesions are
diffuse and lytic. Plain radiographs may show osteopo-
rosis, lytic lesions, sclerosis, and periostitis. Sequestra
may appear as spicules of increased radiodensity within
the area of destruction. Cystic lesions may be seen, es-
pecially in children and young adults. The differential
diagnosis of cystic bone lesions is shown in Table 6. The
lesions in children are less well defined than in adults,
in whom well-defined margins of sclerosis are usually

FIGURE 6 MRI of a patient with multifocal tuberculous
spondylitis who has both thoracic and lumbar spine involve-
ment which is not contiguous (i.e., skip lesions). The thoracic
lesion reveals anterior collapse of adjacent vertebrae and a
Gibbus formation leading to kyphosis. There is also evidence
of lumbar disease in this patient.

TABLE 4 Imaging features associated with tuberculous
spondylitisa

Imaging features suggestive of tuberculous spondylitis versus other
infectious etiologies

More than one vertebra involved

Multicentric involvement

Relative sparing of the disk

Large paravertebral abscess

Paravertebral osseous debris

Subligamentous spread

Heterogenous signal intensity on MRI

Rim enhancement pattern on MRI

Imaging features suggestive of tuberculous spondylitis versus
neoplastic disease

Paravertebral abscess

Paravertebral osseous debris

Subligamentous spread

Predominant distribution adjacent to end plates or vertebral
corners

aAdapted from reference 71.
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present (34). Multifocal disease is an uncommon pre-
sentation and occurs primarily in children and the im-
munocompromised (78, 79). MRI is useful in detecting
osteomyelitis early because of changes in the bone
marrow. The normal marrow fat signal on T1 weighted
images is replaced by low signal intensity, with corres-
ponding high signal intensities on T2 weighted images
and enhancement of T1 weighted images after gado-
linium (19). Tuberculous lesions are rarely seen in the
hands and feet, but tuberculous dactylitis occurring in
children is a well-recognized entity. The typical radio-
logic appearance is a ballooned-out configuration of
“spina ventosa” in which the dissolution of bone causes
absorption of trabeculae and expansion of the affected
digit (78).

Tuberculous Myositis
Tuberculous myositis is usually discovered secondarily
to a known skeletal focus. Primary myositis can occur,
especially in the immunocompromised patient, whereas
secondary tuberculous myositis, which is much more
common, is usually seen in conjunction with vertebral
TB. The differential diagnosis of primary myositis or
pyomyositis is shown in Table 7. Plain radiography may
show calcifications or, in the case of a psoas abscess,
an enlarged psoas shadow. CT imaging shows a well-
marginated tumor-like lesion, either hypodense or iso-
dense compared with normal muscle (Fig. 5 and 11).
MRI (the imaging procedure of choice) can demonstrate
a distinct mass that can be of either lower or higher
density than the muscle depending on the T1 or T2
weighted image (80). CT and MRI cannot really differ-
entiate tuberculous myositis from other causes of muscle
lesions, but the diagnosis may be highly suspected in the
proper clinical setting (e.g., TB at a contiguous or distant
site (41). Ultimately, a definitive diagnosis needs to be
based on histologic and microbiological studies. Psoas
abscesses are often associated with vertebral TB, but
other etiologies should be considered as well (Table 8).
CT andMRI are both useful in detecting a psoas abscess.
A calcified psoas muscle on plain film is pathognomonic
of a tuberculous abscess secondary to vertebral disease
(81).

TABLE 5 Radiologic characteristics in the differential
diagnosis of tuberculous arthritis

Condition

Radiologic result

Osteopenia
Marginal
erosions

Joint space
narrowing

TB + + Late, mild

Pyogenic +/− + Early, significant

Rheumatoid
arthritis

+ + Early, significant

Gout Mild, absent + 0

FIGURE 7 Radiographs of the knee of a patient with tuberculous arthritis. (A) Plain
radiograph of the knee shown in Fig. 3. Marginal erosions are visible, along with soft tissue
swelling.
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Mycobacteriological and Histologic Diagnosis
Radiologic methods may suggest a diagnosis of TB, but
bacteriological or histologic confirmation is required
to prove the diagnosis. Every attempt should be made
to establish a microbiologically confirmed diagnosis
(i.e., recovery of M. tuberculosis from culture) so that
an isolate is available for susceptibility testing. A pre-
sumptive diagnosis can be made by observing caseating
granulomas with or without AFB on histologic exami-

nation of specimens. However, granulomas in muscu-
loskeletal specimens do not always indicate infection
with M. tuberculosis. Other diseases producing syn-
ovial granulomas include fungal diseases, infection with
nontuberculous mycobacteria, sarcoidosis, traumatic fat
necrosis, brucellosis, and foreign-body giant cell reac-
tions. In developing countries where TB is highly en-
demic and resources, including imaging and diagnostic
capabilities, are limited, the diagnosis of musculoskeletal
TB is often based on the clinical and radiologic (i.e.,
plain film) findings.

Differentiating pyogenic, tuberculous, or inflamma-
tory arthritis can be difficult radiographically, and ulti-
mately a microbiological diagnosis needs to be made.
For tuberculous arthritis, synovial fluid examination
is the first procedure performed. As noted above, biopsy
of the synovium may be required to establish a diagno-
sis of tuberculous arthritis. Synovial fluid in early stages
of disease appears xanthochromic, and as the disease
process advances the fluid becomes yellow-white and
thick and gelatinous in nature because of the presence of
degenerated cartilage and bony debris (82). An elevated
protein over 2.5 g/dl is a uniform finding. The joint fluid
glucose level is thought to be low compared to serum
levels; the synovial fluid glucose is usually 40 mg/dl less
than the blood glucose among patients with tubercu-
lous arthritis. The synovial fluid white blood cell count
can vary widely, with the average being in the range
of 10,000 to 20,000/ml, but white blood cell counts
of 50,000 to 100,000/ml (in the range of what is often
reported for bacterial or “septic” arthritis) have been
reported. These findings can be consistent with rheu-

FIGURE 8 TB of the knee. The radiograph shows findings of
TB (left) and the normal knee (right). Note the narrowed joint
space, lytic bone destruction in the distal femur and proximal
tibia, and soft tissue swelling in the abnormal knee, which had
shown clinical evidence of TB for more than 10 years (but the
patient had not undergone treatment).

FIGURE 9 TB of the hip. (A) Plain radiograph of a 12-year-old girl who presented with
an abnormal gait for several months. The left femoral head is completely destroyed.
(B) Operative specimen of the destroyed femoral head.
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matoid arthritis as well. For these reasons, a bacterio-
logical and/or histologic diagnosis is imperative.

AFB staining of synovial fluid has a sensitivity that
is low but is thought to be higher than that seen in ex-
amination of fluid from other serosal membranes (e.g.,
pleura, pericardium, and peritoneum). Synovial biopsy
and culture had a higher yield, with 94% of specimens
having a positive histology and yielding a positive cul-
ture for M. tuberculosis. Open biopsy and fine-needle
aspiration biopsy also have a high likelihood of yielding
a positive culture (>90%) but are generally not required.
Mondal reported a series of 116 fine-needle aspiration
biopsies in which TB was diagnosed in 38 patients;
metastatic tumor was diagnosed in the remaining 78
patients. Thirty-four of the 38 patients with tuberculous
arthritis had cultures positive forM. tuberculosis (89%),
and 11 (39%) were smear positive for AFB. The remain-
ing four cases of tuberculous arthritis were confirmed
histologically, and the patients demonstrated improve-
ment with anti-TB treatment (83). Masood performed
fine-needle aspiration biopsy for diagnosis of bone and
soft tissue lesions in 11 patients, and 64% were smear
positive for AFB and 84% were culture positive; the
author concluded that fine-needle biopsy is as good as
open biopsy and less invasive (84). As noted, additional
data are needed on the utility of molecular diagnostic
techniques (e.g., nucleic acid amplification tests) for the
diagnosis of tuberculous arthritis.

Debeaumont showed that the total bacterial pop-
ulation of an infected spine may comprise less than
1 million organisms, whereas an expectorated sputum
specimen may produce up to 300,000 bacilli in 1 ml

(85). The lower burden of organisms may help explain
why it is sometimes difficult to recover tubercle bacilli
in paraspinal or psoas abscesses and draining sinus
tracts. The yield from culturing material from a sinus
tract can be increased if the specimen is collected with
a syringe rather than a swab (86). The low bacillary
burden also implies that there is a lower chance of de-
veloping drug-resistant TB in skeletal disease than in
pulmonary TB.

TREATMENT
Early diagnosis and initiation of appropriate anti-TB
therapy are important, as early treatment can prevent
loss of function and mobility. There is now abundant
evidence to show that musculoskeletal TB, detected
early, can be cured by chemotherapy without the pre-
viously expected, inevitable sequelae of deformity in
the spine or ankylosis in the limb joints. Even if minor
radiologic changes have occurred, full restoration of
function without deformity can be confidently expected
if the diagnosis is made early enough. Simple survival
of the patient in a moderately disabled condition is
no longer acceptable. Early diagnosis may indeed be
the greatest contribution that surgery adds in modern
management of musculoskeletal TB.

The basic principles that underlie the treatment of
pulmonary TB also apply to extrapulmonary forms of
the disease (87, 88). Regimens that are effective for the
treatment of drug-susceptible pulmonary TB are ap-
propriate for the treatment of susceptible musculoskel-
etal TB. Several studies have examined the treatment of
bone and joint TB and have shown that 6- to 9-month
(short-course) regimens containing rifampin are at least
as effective as 18-month regimens that do not contain
rifampin for the treatment of drug-susceptible disease
(89–91). Because of the difficulties in assessing response,
some experts tend to favor the 9-month duration, and
in the setting of extensive orthopedic hardware, some
experts extend the duration of treatment further to
12 months (88). As discussed below, no additional bene-

FIGURE 10 CT imaging of the knee of a patient with tuber-
culous arthritis, showing extensive marginal destruction as
well as erosions.

TABLE 6 Differential diagnosis of cystic bone lesions

Cystic TB

Syphilis

Eosinophilic granuloma

Sarcoidosis

Cystic angiomatosis

Multiple myeloma

Neoplasm (metastatic, lymphoma, neuroblastoma)

Fungal infection (blastomycosis, coccidioidomycosis)
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fit of surgical debridement in combination with chemo-
therapy compared with chemotherapy alone for spinal
tuberculosis has been found in clinical trials. Surgical
therapy for spinal TB is recommended only in selected
cases based on expert opinion, as discussed below. Con-
comitant use of corticosteroids in the treatment of
persons with bone and joint disease is not recommended
unless there is evidence of concomitant tuberculosis
meningitis; such cases should be treated as is done for
tuberculous meningitis (88). There are few reports of
multidrug-resistant skeletal TB, but the same treatment
principles as used in the treatment of pulmonary multi-
drug-resistant TB should apply to musculoskeletal TB.

Tuberculous Spondylitis
Historical perspective
Before the availability of effective anti-TB chemothera-
py, Pott’s disease was treated with immobilization using
prolonged bed rest or a body cast. In Dobson’s series
of 914 patients, all received prolonged immobiliza-
tion, with either a brace or a body plaster cast, and 54
underwent a spinal fusion (92). The mortality rate was
20%, and 22% were readmitted for relapses. Anti-TB
chemotherapy was gradually introduced into the treat-
ment of osteoarticular TB after the studies of Canetti
et al. (93) and Debeaumont (85) demonstrated the effect
of chemotherapy in osteoarticular disease. Hodgson
et al. described the first series combining a surgical ap-
proach using an anterior approach for decompression
and autologous bone grafting for fusion with chemo-
therapy and reported a high success rate (94). Konstam
and Blesovsky were the first to report an ambulatory,
medical approach for tuberculous spondylitis (95). They
reported treatment of 207 patients with isoniazid and
p-aminosalicylic acid (PAS) for at least 12 months (until
there was radiographic improvement) and did not in-
clude bracing or immobilization as part of the therapy.
Surgery was performed only in 27 patients who needed
abscesses drained. Eighty-six percent of patients ex-
hibited complete recovery. It was demonstrated that
patients with vertebral TB could be cured with chemo-

therapy alone and without prolonged immobilization
or a complicated surgical procedure.

It was this divergence of opinion and practice that
led the British Medical Research Council to set up a
series of randomized controlled clinical trials in differ-
ent centers (96–103). Patients included in these research
studies had evidence of active TB of the thoracic or
lumbar spine. These studies were carried out in Korea,
Zimbabwe (then called Rhodesia), South Africa, and
Hong Kong. All patients received chemotherapy (in
most studies this consisted of 18 months of isoniazid and
PAS supplemented with streptomycin during the first 3
months for some patients). The methods of treatment
were determined by the therapy available at that time
plus locally available resources and included outpatient
anti-TB therapy, chemotherapy with immobilization
by bed rest or body casts, chemotherapy and conserva-
tive debridement of infected bone without fusion, and,
in Hong Kong and South Africa, chemotherapy with
“radical surgery.” The radical surgical therapy consisted
of anterior resection, debridement of granulation tissue
and nonviable bone, and autologous bone strut grafting
(90, 96). Nonoperative treatment produced a favorable
status in 67% of subjects at 18 months, 85% at 3 years,
and 88% at 5 years. The continued improvement that
became apparent with the passage of time, from 67%
to 85 to 90% at 5 to 10 years, is a valid warning against
panic if all does not seem well at the end of the initial
period of chemotherapy. No statistically significant dif-
ference could be shown at any stage between the results
in patients who underwent 6 months of inpatient care,

TABLE 7 Differential diagnosis of primary myositis

TB

Actinomycosis

Sarcoidosis

Malignancy (sarcoma)

Bursa or tendon cyst

Hematoma

Pyogenic myositis

Melioidosis

FIGURE 11 CT imaging of a psoas muscle abscess. The CT
shows the lower extremities in a patient with lumbar tuber-
culous spondylitis who has a psoas abscess that extends into
the right thigh.
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9 months in plaster jackets, or neither. In addition,
no statistically significant advantage could be shown
from the addition of streptomycin to PAS and isoniazid.
It was therefore concluded that in this series of cases,
from the point of view of the preservation of life and
health, ambulant outpatient chemotherapy gave excel-
lent results, as judged over a period of 5 years, in patients
whose drug taking had been supervised as strictly as
possible under the prevailing conditions. Debridement
by open operation with or without anterior spinal fu-
sion, in addition to chemotherapy, gave no better ulti-
mate results than did ambulant outpatient treatment.
Favorable outcome in these studies was defined as “full
physical activity with clinically and radiographically
quiescent disease, with no sinuses, abscesses or myelo-
pathy with functional impairment, all without modifi-
cation of the allocated regimen” (98).

Radical surgery, as performed in Hong Kong, gave
similar results in the long term so far as preservation of
life and health is concerned. The Hong Kong operation
consisted of anterior resection, debridement of infected
bone, and autologous bone grafting. At the end of the
period of chemotherapy (18 months), 89% of patients
had already reached a favorable status; at 3 years, 87%
of patients had a favorable status; and at 5 years, 89%
were considered to have a favorable status. The Hong
Kong operation in conjunction with non-rifampin-based
regimens (in the era before the availability of rifampin),
however, produced certain distinct advantages: (i) ab-
scesses, including mediastinal abscesses, resolved more
rapidly than after conservative treatment and even after
debridement; (ii) bony fusion occurred much earlier;
and (iii) most importantly, kyphosis did not worsen (96).
The Hong Kong radical procedure was also performed
in South Africa, but unlike in the reports from Hong
Kong, it did not show advantages over debridement
alone. In the era before the availability of rifampin, spi-
nal TB was best treated by a combination of appropriate
chemotherapy and the Hong Kong radical operation if,

and only if, adequate surgical expertise, anesthesia, and
nursing facilities were available. If not, surgery was to be
avoided.

Modern therapy for tuberculous spondylitis
Stimulated by the efficacy of short-course chemother-
apy for pulmonary TB with isoniazid and rifampin, the
British Medical Research Council Working Party started
a second series of trials in Hong Kong, Korea, and South
India (89–91). In Hong Kong, all patients underwent
the radical operation with either 6 or 9 months of che-
motherapy with isoniazid and rifampin supplemented
by streptomycin for 6 months. In Korea, only ambula-
tory chemotherapy with a regimen of 6 or 9 months of
isoniazid plus rifampin was compared with a regimen
of 9 or 18 months of isoniazid plus PAS or ethambutol.
In Madras (now Chennai), South India, ambulatory
chemotherapy with a regimen of 6 or 9 months of iso-
niazid and rifampin was compared with a regimen
of 6 or 9 months of isoniazid plus rifampin and the
Hong Kong radical operation. After 3 years, all studies
showed that >95% had favorable results for regimens
containing isoniazid and rifampin (89–91). These results
confirmed the efficacy of a short course of rifampin-
based regimens, 6 or 9 months, for spinal TB. The res-
olution of sinuses and abscesses present on admission
was more rapid in patients treated with isoniazid plus
rifampin than in patients treated with isoniazid plus
PAS or ethambutol. There was no recurrence in patients
prescribed rifampin-containing regimens. The resolution
of myelopathy was very good in ambulatory regimens,
with 83 to 88% of patients making a full recovery. There
was no clear evidence that 9 months of treatment with
isoniazid plus rifampin had any advantages over 6months
of treatment. Primary resistance to isoniazid and strepto-
mycin was a problem, particularly in the Hong Kong
studies.

Thus, on the basis of the results of these more recent
randomized trials carried out by the Medical Research
Council Working Party on Tuberculosis of the Spine, tu-
berculous spondylitis of the thoracolumbar spine due to
drug-susceptible organisms is best treated by a rifampin-
based regimen including isoniazid and rifampin for a
period of 6 to 9 months, supplemented by pyrazinamide
for 2 months (and ethambutol pending susceptibility
results), similar to those regimens used in the treatment
of pulmonary TB (88). Among patients taking rifampin-
based short-course regimens, there was no demonstrated
additional benefit of surgical debridement or radical
operation (resection of the spinal focus and bone graft-
ing) in combination with chemotherapy compared with

TABLE 8 Etiologies of a psoas muscle abscess

Vertebral TB (Pott’s disease)

Diverticulitis

Appendicitis

Crohn’s disease

Postpartum infection

Neoplasm of spine or bowel

Renal calculi

Hematoma

Pyogenic infection (especially Staphylococcus aureus)

Actinomycosis
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chemotherapy alone (91). In addition, myelopathy with
or without functional impairment most often responds
to chemotherapy. In two studies conducted in Korea,
24 of 30 patients in one study (89) and 74 of 85 patients
in an earlier study (104) had complete resolution of mye-
lopathy or complete functional recovery when treated
medically.

As noted above, several trials found no additional
benefit of surgical debridement in combination with
chemotherapy compared with chemotherapy alone for
spinal TB (89, 91, 104, 105). Therefore, the most recent
TB treatment guidelines from the American Thoracic
Society, CDC, and Infectious Diseases Society of America
recommend that uncomplicated cases of spinal tuber-
culosis be managed with medical rather than surgical
treatment (88). In some circumstances, however, surgery
appears to be beneficial and may be indicated. Based
on expert opinion, surgery can be considered in situa-
tions in which (i) there is poor response to chemotherapy
with evidence of ongoing infection or ongoing deterio-
ration, (ii) relief of cord compression is needed in patients
with persistence or recurrence of neurologic deficits,
or (iii) there is instability of the spine or progressive
kyphosis of the spine (88).

Despite the large number of patients enrolled in the
Medical Research Council trials, patients with obvious
myelopathy were excluded, so there are no controlled
trials evaluating the role of surgery when paresis is
present. In addition, patients with tuberculous spon-
dylitis of the cervical spine were not included in the
Medical Research Council studies, in part because of
the low incidence of cervical disease. In two case series
which reported on a total of 46 patients with upper and
lower cervical TB, all patients received anti-TB chemo-
therapy and surgery (106, 107). Medical therapy con-
sisted of isoniazid plus rifampin for 12 to 15 months
or isoniazid plus PAS for 15 to 21 months. Of the
six patients with upper cervical disease, four recovered
without sequelae. There were 40 patients with lower
cervical disease; all experienced a meaningful clinical
and radiologic recovery. Twelve patients with cord com-
pression experienced full neurologic recovery. Treat-
ment recommendations for cervical TB are based on case
series (106–108). Surgical intervention of the cervical
spine is often indicated because of the likely association
of neurologic deficits, frequent abscesses that can cause
respiratory compromise, and the relative instability of
the cervical spine, although in some cases, such as those
reported by Jain et al. (108), there can be recovery
without surgical intervention, as was reported for about
two-thirds of the patients in their series. An anterior

approach is considered the treatment of choice. A lami-
nectomy should be avoided because it is not as effective
in relieving cord compression and can lead to instability
of the cervical spine.

Tuberculous Arthritis and Osteomyelitis
There are no controlled trials assessing treatment of
musculoskeletal TB, except for tuberculous spondylitis,
which is discussed above. Based on experience from
treating tuberculous spondylitis and the experience with
treating other forms of extrapulmonary disease, it is
recommended that treatment of drug-susceptible tuber-
culous arthritis and osteomyelitis be carried out using
rifampin-based short-course regimens like those that
are used for the treatment of pulmonary disease. Surgery
is generally reserved for diagnosis and when necessary
to drain an abscess that is not responding to medical
therapy or to drain a large abscess to relieve pressure
(109). Late treatment or inadequate treatment results in
ankylosis of the affected joint by fibrosis or bony fusion.
The function of the affected joint is compensated by
other joints which in the long term are overused andmay
become painful because of degenerative arthritis. Recent
technical developments have stimulated interest in in-
dications for arthroplasty in joints with old, healed TB
(110–112). Su et al. reported 16 cases of patients with
a history of TB of the knee who underwent total knee
replacement; 8 patients had a preoperative diagnosis of
TB and had received at least 2 months of anti-TB medi-
cations, and 8 were diagnosed at the time of the opera-
tion. Five patients, four of whom did not receive anti-TB
chemotherapy at the time of the operation, suffered a
recurrence of disease after arthroplasty (112). There
are no formal recommendations, but some experts have
suggested that patients requiring total arthroplasty for
quiescent TB receive perioperative chemotherapy for at
least 3 weeks before and at least 6 to 9 months after
surgery to minimize the risk of reactivation (113).

PROSTHETIC JOINT INFECTIONS
Prosthetic joint infections with M. tuberculosis are un-
common, but with an increasing number of procedures
being done yearly and globalization, the potential to see
a rise in cases exists, especially as more prosthetic joints
are being placed in areas where TB endemicity is higher,
such as India. Prosthetic joint TB may be a reactivation
of a latent focus that reaches the joint by hematogenous
spread or local reactivation. A history of TB and im-
munosuppressive diseases or medications appear to be
risk factors. No large series exist in the literature, but
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based on case reports, most cases appear to be due to
reactivation versus primary infection (114–116). Re-
activation has occurred as late as 42 years after initial
TB infection (117). In 11 cases reported by Tokumoto
et al., symptoms were present from a range of 2 weeks to
2 years before diagnosis; the most common symptom
was pain, and swelling and/or a draining sinus tract was
the most common physical finding (116).

There are no specific treatment recommendations
available, but treatments often require a combined me-
dical and surgical approach. A series of cases of TB in-
volving prosthetic knee arthroplasties and review of
the literature showed that early infection (up to 8 weeks
postoperative) in three of four patients who had no
loosening of hardware or draining sinus tracts were
treated with prolonged standard TB therapy and one
also had concurrent debridement (114). The authors
concluded that with late presentation, greater than
2 months postoperatively, a two-stage reconstruction
along with standard anti-TB therapy was indicated.
Late-onset presentation may be associated with osteo-
lysis, hardware loosening, or draining sinus tracts. Of
nine patients who were treated with a two-stage regi-
men, none had recurrent disease (114). However, none
of these data involve randomized trials, and they are
extrapolated from the literature and based on anecdotal
experience.

CONCLUSIONS
The diagnosis of musculoskeletal TB is often delayed
because of failure to consider the diagnosis. Early diag-
nosis of bone and joint disease is important to minimize
the risk of deformity and enhance outcome. The intro-
duction of newer imaging modalities, including MRI
(imaging procedure of choice) and CT, has enhanced the
diagnostic evaluation of patients with musculoskeletal
TB and for directed biopsies of affected areas of the
musculoskeletal system. Obtaining appropriate speci-
mens for culture and other diagnostic tests is essential to
establish a definitive diagnosis and recover M. tubercu-
losis for susceptibility testing. A total of 6 to 9 months
of a rifampin-based regimen, like treatment of pulmo-
nary TB, is recommended for the treatment of drug-
susceptible musculoskeletal disease. Randomized trials
of tuberculous spondylitis have demonstrated that
such regimens are efficacious. These data and those from
the treatment of pulmonary TB have been extrapolated
to form the basis of treatment regimen recommenda-
tions for other forms of musculoskeletal TB. Finally, en-
suring adherence to chemotherapy is essential for good

outcomes; therefore, directly observed therapy is recom-
mended for the treatment of all persons with musculo-
skeletal TB.
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