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Physeal Change after Tuberculous Osteomyelitis of the
Long Bone in Children
Hsuan-Kai Kao, MD; Wen-E Yang, MD; Hsin-Nung Shih, MD; Chia-Hsieh Chang, MD
Background: Tuberculous osteomyelitis of the long bone in children is often neglected,
and established transphyseal bone lesions are common. The purpose of this
study was to evaluate the clinical outcomes of these patients.
Methods:
Between January 1990 and December 2008, 19 patients (10 boys and 9 girls)
with sustained tuberculous osteomyelitis of the long bone accompanied by
physeal involvement were treated at our institute. The average age was 23.8
months (range, 10-58 months). All patients received surgical treatment and
antituberculosis therapy for at least 6 months. The final radiographic and
functional results were analyzed.
Results:
All patients were followed up for an average of 61.8 months (range, 14-123
months). The most common site of infection was the distal femur (8 patients,
42.1%), followed by the proximal tibia (5 patients, 26.3%) and the distal
tibia (3 patients, 15.8%). Most of the lesions were osteolytic, round to oval in
shape, and showed marginal sclerosis. Some lesions were expanding or multiloculated. The periosteal reaction was minimal. Even in cases with extensive surgical curettage through the physis, the growth plate maintained its
function and gradually remodeled. Clinical symptoms improved within 4-6
weeks. All bone lesions decreased in size in 3-6 months. Further, physeal bar
formation was observed, but the extent was minimal. All transphyseal lesions
healed gradually over a period of several years. Good remodeling of skeletal
lesions was noted.
Conclusions: The diagnosis of tuberculous osteomyelitis of the long bone should be considered in every child with unexplained chronic limb pain or swollen limbs.
The lesions are usually located in the metaphysis and easily cross the growth
plate to the epiphysis. Surgical debridement is beneficial in both diagnosis
and treatment. In patients with growth plate involvement, careful surgical
debridement is recommended to eradicate infection since the risk of permanent physeal damage is minimal. The physis can heal gradually, and full
range of motion of the adjacent joints can be maintained.
(Chang Gung Med J 2010;33:453-60)
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T

uberculosis of the bone is rare in developed
western countries, but it remains a serious prob-

lem in many developing countries. Tuberculous
infection can affect any bone of the body. In about
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50% of patients, the vertebrae are the sites of skeletal
involvement.(1) In Taiwan, the overall incidence of
childhood tuberculosis is about 9.61/100,000 personyears.(2) The incidence of tuberculous osteomyelitis
in children is uncommon, and the characteristics are
different from those in adults. These lesions usually
involve the metaphysis and can cross the physis of
long bones.(3) The clinical findings are not specific.
The only early symptoms are swelling and pain in
the involved limbs. Therefore, it is often neglected or
the diagnosis is delayed.(4,5)
With the introduction of effective multiagent
chemotherapy, the requirement of surgical treatment
of bone lesions has markedly reduced. Surgical
debridement and curettage is indicated for cases with
diffuse destruction.(6-8) It is well known that injury to
growth plates may cause growth disturbance.
However, in patients with tuberculous osteomyelitis,
even after surgical curettage, the growth plate usually maintains the growth potential and heals gradually. This is very different from the physeal injury
caused by trauma or pyogenic osteomyelitis.
It is unclear what extent of destruction by tuberculosis would cause early closure of the growth
plate. The literature on this entity is scarce. The purpose of this retrospective study was to review our
experience with such patients and to analyze the clinical presentation, growth plate remodeling, and long-
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term outcomes.

METHODS
Between January 1990 and December 2008, 19
children younger than 18 years of age with sustained
tuberculous osteomyelitis of the long bone with physeal involvement were diagnosed and treated at our
institute. Patients with lesions that did not involve
long bones or that primarily involved the joint synovium were excluded. The clinical records and radiographs were reviewed for data collection.
There were 10 boys and 9 girls. The children’s
ages ranged from 10 to 58 months (average, 23.8
months). All patients had been given CalmetteGuérin bacillus (BCG) vaccine in infancy. The chest
radiograph and sputum culture for tuberculosis were
performed in all patients and all tests showed negative findings. The most often noted clinical features
were pain, swelling, tenderness, and limpness. No
cases of multifocal lesions or pulmonary tuberculosis
were present in our series. The physeal injury was
confirmed by plain radiography (n = 16), magnetic
resonance imaging (n = 2), and computed tomography (n = 1).
The involved sites were the distal humerus (n =
1, 5.3%) (Fig. 1), the proximal femur (n = 1, 5.3%),
the distal femur (n = 8, 42.1%) (Fig. 2), the proximal
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Fig. 1 Case 4: A 21-month-old girl with an osteolytic lesion in the distal humerus. (A) The lesion extends from the metaphysis to
the epiphysis. The growth plate is disrupted. (B) Six months after the operation, the lesion is sclerotic, and the growth plate has
gradually remodeled. (C) One year after the operation, the growth plate remains uneven. (D) Five years after the operation, excellent remodeling is seen.
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Fig. 2 Case 18: A 24-month-old boy with an osteolytic lesion in the distal femur. (A) The lesion is located in the metaphysis and
epiphysis of the distal femur. The growth plate is disrupted. (B) Four months after the operation, the growth plate has remodeled,
and the margins of the lesion appear sclerotic. (C) One year after the operation, the lesion is healing gradually. (D) Three years after
the operation, good healing is noted, except for a small residual cyst with sclerotic margins.

tibia (n = 5, 26.3%) (Fig. 3), the distal tibia (n = 3,
15.8%), and the distal fibula (n = 1, 5.3%). There
was 1 patient with a discharge sinus from the distal
femur (case 17). The average duration of symptoms
before treatment was 2.4 months (range, 2 weeks to
6 months).
All patients received surgical debridement and
curettage. After curettage, an allogenic bone graft
was used to fill the bony defect in 2 patients (cases 4
and 7). The other 17 patients did not receive any type
of bone grafting. The tuberculosis culture was performed and specimens were taken for pathohistological examination. After operation, oral antituberculosis drugs were administered for at least 6 months.
The diagnosis was confirmed by positive acid-fast
bacillus (AFB) smears, granulomatous inflammation
with or without caseous necrosis in biopsy specimens or isolation of Mycobacterium tuberculosis.
At the time of follow-up, all patients were
queried about limb pain, range of motion of the adjacent joint, and any disabilities in the daily activities.
All patients underwent routine anteroposterior and
lateral radiographic examination of the involved

Chang Gung Med J Vol. 33 No. 4
July-August 2010

limbs. The size of the lesions and remodeling of the
growth plate were evaluated. If the lesions involved
the lower limbs, frontal scanography was carried out
for leg-length measurement. A follow-up radiograph
was made monthly for 3 months after the operation,
then quarterly for 9 months, and annually thereafter.
The final radiographic and functional results were
analyzed.

RESULTS
Nineteen patients were followed up for 14 to
123 months (average, 61.8 months). On radiographs,
soft tissue swelling and osteopenia were seen in all
patients. Most of the lesions were osteolytic, round
to oval in shape, and showed marginal sclerosis.
Some lesions were expanding or multiloculated. The
periosteal reaction was minimal. The lesions were
located predominately in the metaphysis and crossed
the growth plate to the epiphysis.
The diagnosis was confirmed by pathohistological examination in all patients. Mycobacterium
tuberculosis was cultured in 8 patients (42.1%) and
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Fig. 3 Case 2: A 23-month-old girl with a massive osteolytic lesion in the proximal tibia. (A) The lesion is located in the metaphysis and epiphysis of the proximal tibia. The growth plate has been disrupted. (B) Four months after the operation, the lesion is
healing gradually. (C) Two years after the operation, physeal bar formation is noted. (D) Seven years after the operation, good
remodeling is seen, with slight residual sclerosis.

acid-fast bacilli were identified in only 3 patients
(15.8%).
There were 4 patients (cases 9, 10, 18, and 19)
with sustained relapse of the infection, and surgical
debridement was performed again for these patients.
No patient received surgery more than twice. Cases 9
and 19 received revision surgery 1 month after the
first surgery. They were not administered oral antituberculous drugs after the initial surgery because the
diagnosis was unclear. In case 9, Mycobacterium
tuberculosis was cultured from a specimen obtained
from the first surgery; however, this result was
obtained after 4 weeks. In cases 9 and 19, the pathohistological examination at the time of the first
surgery revealed granulomatous inflammation with
necrosis, but antituberculous drugs were not administered until the second surgery. Cases 10 and 18
received revision surgery at 9 months and 5 months,
respectively, after the initial surgery. Standard antituberculous drugs were administered after the first
surgery but the infection relapsed. The debridement
and curettage were more radical in the second
surgery. All lesions healed, uneventfully, after the

second surgery.
Lesions crossing the growth plate were also
curetted. A large area of the metaphysis and epiphysis were curetted through the growth plate. The
extent of physeal destruction was substantial after
operation. All bone lesions decreased in size in 3 to 6
months. These lesions healed gradually and the
growth plate regenerated over many years. The
lesions became smaller and sclerotic during the healing period. Further, physeal bar formation was
observed, but its extent was minimal. Eight patients
experienced complete healing of the lesions and the
other 11 patients showed a residual sclerotic shadow
on the radiographs, but without clinical symptoms.
The growth plate maintained its function and no
growth disturbances occurred. All patients had a full
range of motion of the adjacent joints. The clinical
details are listed in Table 1.

DISCUSSION
Tuberculosis is often thought of as an old disease. Because of advances in public health, tubercu-
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Table 1. Clinical Data of 19 Patients with Tuberous Osteomyelitis of the Long Bone
Case

Age
(months)
/Sex

Duration of
symptoms
(months)

Location

Pulmonary
tuberculosis

Pathological
confirmation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

27/F
23/F
40/M
21/F
27/F
13/M
18/F
33/M
31/M
10/M
10/F
20/F
16/M
14/M
23/F
34/M
58/F
24/M
11/M

3
6
2
6
2
1
1
3
2
3
0.5
3
2
0.5
3
2
2
0.5
3

Proximal tibia
Proximal tibia
Distal tibia
Distal humerus
Proximal femur
Distal femur
Distal femur
Proximal tibia
Distal tibia
Distal tibia
Distal femur
Proximal tibia
Distal femur
Proximal tibia
Distal fibula
Distal femur
Distal femur
Distal femur
Distal femur

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Culture
AFB
Follow-up
confirmation confirmation (months)
N
N
Y
N
N
Y
N
Y
Y
N
Y
Y
N
Y
N
N
N
Y
N

N
N
N
Y
N
N
N
N
N
Y
N
Y
N
N
N
N
N
N
N

123
116
100
98
76
67
66
62
61
57
55
50
49
37
36
36
36
35
14

Outcome
Complete
Sclerosis
Complete
Complete
Complete
Sclerosis
Sclerosis
Sclerosis
Complete
Complete
Sclerosis
Complete
Sclerosis
Sclerosis
Complete
Sclerosis
Sclerosis
Sclerosis
Sclerosis

Sclerosis: small sclerotic lesion on radiographs without clinical symptoms.

losis has been well controlled and is now a rare disease in developed countries. However, it remains a
serious problem in many developing countries. In
75% of the patients, the focus of the infection is
found in the lungs.(9) Skeletal tuberculosis is rare and
constitutes only 1% to 3% of cases.(10,11) Because of
the relative rarity of skeletal tuberculosis and nonspecific early clinical findings, the diagnosis is usually considerably delayed. In this study, the average
duration of symptoms before treatment was 2.3
months (range, 2 weeks to 6 months), which was not
longer than that reported by other authors. Teklali et
al. reported an average delay in diagnosis of 10
months (range, 10 days to 6 years), indicating the
difficulty of making a prompt diagnosis.(12)
In this study, chest radiographs of all patients
were evaluated and none had lesions of pulmonary
tuberculosis. The families of the children were
screened and there was only 1 child (case 3) whose
grandfather had a history of tuberculosis infection. In
the literature, 50% of the patients with tuberculous
osteomyelitis have concomitant pulmonary tuberculosis. (13) However, in our series, tuberculous
osteomyelitis was usually a primary and an isolated
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lesion. This findings is consistent with that of Rasool
et al. who reported that tuberculous osteomyelitis is
rarely associated with pulmonary lesions.(9)
In our series, all patients had undergone BCG
vaccination in infancy, because this is compulsory in
Taiwan. However, BCG vaccination itself can cause
osteomyelitis or a disseminated BCG infection.(14)
The interval between BCG vaccination and disease
presentation usually ranges from 5 months to 5
years.(15) Polymerase chain reaction was performed
for only 1 patient (case 18) in our series at the
Taiwan Centers for Disease Control: the test results
confirmed BCG infection.
In our 19 patients, the most commonly involved
site was the distal femur (8 cases, 42.1%), followed
by the proximal tibia (5 cases, 26.3%) and the distal
tibia (3 patients, 15.8%). The lower limbs appeared
to be common sites of involvement in children, compared with the axial bones and pelvis in adults.(16)
Most of the lesions were radiolucent, round to oval,
with marginal sclerosis. Given its rich vascular supply, the metaphysis of long bones is the most frequent site of infection. In our series, the lesions were
predominantly located in the metaphysis and crossed
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the growth plate to the epiphysis. There are few
reported cases in which the origin of osteomyelitis
was in the epiphysis.(17) Radiographs of our patients
showed that the radiolucent area in the metaphysis
was larger than in the epiphysis. The main
osteomyelitic lesion was thought to be in the metaphysis. These osteolytic bone lesions can represent
benign, malignant, or infectious processes and
require a broad differential diagnosis and astute
observation for accurate diagnosis and timely treatment.(18)
In tuberculous osteomyelitis, positive rates of
acid-fast bacillus smears are low. In our series, there
were only 3 patients (15.8%) with positive results.
Direct smears for acid-fast bacilli are relatively rapid
and inexpensive but may produce false-negative
results. Stains to identify acid-fast bacilli require the
presence of at least 104 acid-fast bacilli per milliliter
of specimen.(19) Isolation of Mycobacterium tuberculosis by culture is currently the gold standard for
making a definitive diagnosis. This method may take
6 to 8 weeks to yield results and paucibacillary specimens may produce false negative results.(20) In our
series, Mycobacterium tuberculosis was cultured in
only 8 patients (42.1%). Because of significant falsenegative rates of smear and culture, the materials
obtained from the lesions were taken for pathohistological examination. If granulomatous inflammation
with or without caseous necrosis was noted within
the infectious bones, this would point toward the
diagnosis.(21) All diagnoses were pathohistologically
confirmed in our series. The initiation of antituberculosis treatment at the time of surgery was recommended to decrease the dissemination of disease.(16)
Surgical curettage was performed in all patients.
The cystic cavity was curetted to remove granulation
tissue and pus. Simultaneous curettage and bone
grafting of the lesion were suggested by Kumar et
al.(22) In our series, only 2 patients received allogenic
bone grafting. Curettage without bone grafting was
performed in the other 17 patients. All of them yielded good results. Resolution and bone remodeling
were satisfactory in all patients. Currently, most
authors agree that curettage alone is sufficient to
yield favorable results.(3,9,23,24)
In cases in which the lesions were located in
both the metaphysis and epiphysis, the surgery was
performed with extreme care. We usually made an
incision near the metaphysis and the lesion was
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curetted. Then, the epiphysis was carefully curetted
through the growth plate. The area of the growth
plate injury was more severe after the operation. It is
well-known that growth disturbances occur after
trauma or disease involving the growth plates.
However, the extent of growth plate injury that
would cause its permanent injury is unknown.
Makela et al. reported that destruction of 7% of the
cross-sectional area of the growth plate caused permanent growth disturbance in rabbits.(25) The possible
mechanism could be that progression of ossification
of the epiphysis facilitated the formation of a bridging callus through the growth plate.(26,27) The physeal
bar (bone extending from the epiphysis to the metaphysis) can cause complete or partial physeal arrest.
Osterman et al. reported that growth disturbance
could be prevented by bridge resection and filling the
defect with a free fat graft.(28) Marsh et al. also reported that physeal bar resection could be performed
using arthroscopic techniques. Even if up to 70% of
the cross-sectional area of the physis was damaged,
it could be treated successfully.(29)
In our patients, the growth plate damage was
great after curettage. The osteolytic lesion healed
gradually. The extent of physeal bar formation was
minimal. The growth plate maintained its function
and the remodeling process went on for many years.
The length of the involved lower limb was equal to
that of the opposite limb. Ohtera et al. reported that
large lesions of the proximal tibia could be fully
recovered.(30) In our series, not only the proximal tibia
but also the distal humerus, distal femur, distal tibia,
etc., yielded good results.
This study had several limitations. First, the
patients in this study were not followed to skeletal
maturity. Although the lesions showed good healing
by the end of the investigation, we were unable to
determine if any residual deformity was present
when the patients achieved skeletal maturity. Second,
most of the patients in this study underwent spot
scanography examination instead of split scanography examination. We were unable to assess the
mechanical axis and anatomical axis of the lower
limbs. Third, with regard to the lesions that involved
the upper limbs, we did not measure the limb length
or angular deformity. The sequelae of tuberculous
osteomyelitis in the upper limbs may be underestimated. Last, the number of patients in this study was
small, and we could not identify significant factors
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related to outcome.
In conclusion, orthopedic surgeons must consider tuberculous osteomyelitis in the differential diagnosis of bone infection. Low suspicion will result in
delayed diagnosis and delayed treatment. The lesions
are usually located in the metaphysis and easily cross
the growth plate to the epiphysis. Surgical debridement is beneficial in both diagnosis and treatment. In
cases of growth plate involvement, careful surgical
debridement is recommended to eradicate the infection since the risk of permanent physeal damage is
minimal. The growth plate can heal gradually, and
the patients usually retain good function of the adjacent joints.
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ආܜඕ८ّលޢۆϠ۞ڕܜត̼
 ͛˘ ߉ૺ ྺܫလᚥ
ࡦ ഀĈ ආ۞ܜඕ८ّលۆགྷ૱జؼᏵ෧ᕝ҃ౄјঽիܬϚϠڕܜĄώࡁտ۞ϫ۞д
̶ֱژϠڕܜజܬϚ۞ঽଈ༊۞ܐাېăତڼ۞צᒚ̈́۞ޢඕڍĄ
͞ ڱĈ ଂ 1990 ѐ ז2008 ѐĂВѣ 19 Ҝܜඕ८ّលۆЪ׀ϠܬڕܜϚ۞ආдώੰତ
ڼצᒚĂπӮѐࡔࠎ 23.8 ࣎͡Ąٙѣ۞ঽଈౌѣତצ౹͘ఙ̈́Ҍ̱͌࣎͡۞ԩඕ
८ෂᘽڼۏᒚĄ ̚2 Ҝঽଈ͘ٺఙ̚ѣତצҋវொങĂዶ 17 ҜঽଈĄ
ژ̶ޢϠޭڕܜೇ۞ଐԛ̈́ዐܕᙯ༼۞ΑਕĄ
ඕ ڍĈ 19 Ҝঽଈᖸ˞ 14 Ҍ 123 ࣎͡ (πӮ 61.8 ࣎͡)Ą૱ܬצϚ۞Ҝཉߏᅈბ۵ (8
ҜĂ42.1%)Ăତߏܕბ∧ (5 ҜĂ26.3%)Ăତߏᅈბ∧ (3 ҜĂ15.8%)Ą̂ొ
̶۞ঽիౌߏ໘ྋّ۞ĂԛٕፚԛĂᙝቡѣถ̼۞ன෪Ą౹͘ఙགྷ૱ᅮࢋ
ࡍ࿅ϠڕܜĂ҃ౄјϠڕܜซ˘Վ۞๋चĄ҃ӈֹߏତ̂צቑಛ۞౹͘ఙĂϠܜ
̪ڕΞͽܲѣϠ۞ܜΑਕĂు႙ޭೇϒ૱Ą
ඕ ኢĈ ࡶආѣ̙ࣧځЯ۞۳វূ൭ٕཚණĂౌᑕྍԯඕ८ّលۆЕˢᝥҾ෧ᕝ̚Ą
ঽիགྷ૱൴Ϡд۞ܜ ბĂιޝटࡍົٽ࿅Ϡܬ҃ڕܜϚ זბĄγࡊ͘
ఙ၆ٺ෧ᕝ̈́ڼᒚߏѣᑒӄ۞ĄԧࣇޙᛉΞͽซҖၔ۞غ౹͘ఙĂӈֹ͘ఙώ֗
ົౄјϠڕܜᗼቑಛត̂Ăҭϖ˳ّ۞Ϡ๋ڕܜचߏ͌ޝ൴Ϡ۞ĄӈֹϠڕܜѣ
ତ̂צቑಛ۞ੵחĂι̪Ξͽు႙ೇࣧĂ۞ܕܢᙯ༼̪ܲѣ։р۞ΑਕĄ
(طܜᗁᄫ 2010;33:453-60)
ᙯᔣෟĈඕ८ّលۆĂඕ८Ăඕ८ঽĂលۆ
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