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Imaging Features of Calvarial Tuberculosis:
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BACKGROUND AND PURPOSE: Tuberculosis of the calvaria is a rare entity, and only
anecdotal reports describing its imaging features have been previously published in the
literature. We report the role of conventional radiography and CT findings on in the evaluation
of calvarial tuberculosis in 42 cases.
METHODS: Forty-two cases of pathologically verified calvarial tuberculosis were analyzed
retrospectively by using conventional radiography and CT imaging. The patients included 28
male and 14 female subjects ranging in age from 5 to 48 years (mean age, 16 years). Surgery was
performed in 28 patients, and the remaining 14 patients underwent fine needle aspiration
cytology. The histologic findings were consistent with the diagnosis of tuberculosis. At follow-up
after 2 years, all patients had completely recovered.
RESULTS: The male-to-female ratio was 2:1 (28 male and 14 female). The maximum number
of patients affected by calvarial tuberculosis ranged in age from 11 to 20 years (61.2%). The
average duration of symptoms was 2.5 months. Thirty-nine (92.8%) patients had subgaleal soft
tissue swelling, whereas 31(73.8%) patients had a well-defined lytic lesion in the calvaria. The
parietal bone was most commonly affected site of the calvaria (ie, in 22 patients [52.4%]). These
lesions were detected at conventional radiography in 34 (80.95%) patients. CT depicted bone
destruction in 36 patients (85.7%) cases. Extradural lesions and intraparenchymal pathologies
were detected in 22 (52.3%) patients and 5 (11.9%) patients, respectively.
CONCLUSION: In calvarial tuberculosis, conventional radiographs of the skull show focal
bone destruction often with accompanying soft tissue opacity. CT helps in assessing the extent
of bone destruction, scalp swelling, and degree of intracranial involvement. Surgery involving
bone debridement is resorted to only in cases where bone destruction is extensive.
Although rare, the incidence of tuberculosis of calvaria is on the rise in developing countries because of
rampant malnutrition, poor socioeconomic conditions, and immunodeficiency syndromes. It usually
presents as a painless scalp swelling, often with a
discharging sinus. It most commonly involves the
frontal and parietal bones. Conventional radiographic
features are inconclusive. CT demonstrates the destruction of the calvaria with scalp involvement. Lesions in brain parenchyma and the extradural tissues
are also detected. A high index of suspicion is important to recognize tuberculous involvement of the
skull. We describe the radiologic features in 42 pa-

tients of pathologically verified calvarial tuberculosis
and include a brief review of the relevant literature.

Methods
Case Selection
The case record of 42 patients from April 1992 to March
2002 (28 male and 14 female; age range, 5– 48 years; mean age,
16 years) of histologically verified calvarial tuberculosis at the
King Edward VII Memorial Hospital, Mumbai, India, was
retrospectively reviewed by two senior radiologists (A.A.R.,
A.M.N.). Contrast-enhanced CT scans of all the patients followed conventional radiographic frontal and lateral views. The
imaging features of these patients were evaluated with reference to the number and distribution of calvarial lesions, scalp
swelling, and extradural, parenchymal, and meningeal evidence
of tuberculosis. The clinical and laboratory findings suggestive
of tuberculous infection were also studied in these patients.

Received May 12, 2003; accepted after revision August 7.
From the Departments of Radiology (A.A.R., A.M.N., A.J.C.,
R.S.N., B.V.L.) and Neurosurgery (D.M., S.F.), King Edward VII
Memorial Hospital, Mumbai, India.
Address correspondence and reprint requests to Abhijit A. Raut,
MD, Department of Radiology, King Edward VII Memorial Hospital, Parel, Mumbai-400012, India.

Image Analysis
Conventional radiographic and CT images of the skull were
analyzed with regard to the site, size, number, location, and
characteristics of the lesion. The sizes of the lesions were
measured in centimeters. By using bony landmarks, the loca-
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FIG 1.

Lateral radiograph shows large circumscribed lytic lesion in frontal bone.

FIG 2.

Anteroposterior radiograph demonstrates a large frontoparietal lytic lesion suggestive of diffuse spreading type.

FIG 3.

Frontal radiograph shows a lytic lesion with a sclerotic margin.

FIG 4. A, Contrast-enhanced axial CT scan shows peripherally enhancing epidural collection in left frontal region with bone defect and
scalp swelling. B, Axial CT with a bone window shows left frontal calvarial defect destroying both inner and outer tables. Note the bony
sequestration.
FIG 5. Contrast-enhanced coronal CT scan shows right frontal epidural collection with subgaleal soft tissue. Note the circumscribed
area of encephalomalacia of CSF attenuation.

tion was described as parietal, frontal, or occipital, depending
on where the greater part of the lesion was seen if it extended
across two zones. The lesions were described as small, circumscribed, and punched out (Fig 1); circumscribed lytic (Fig 2); or
spreading and circumscribed sclerotic (Fig 3), depending on
the pattern of osteolysis, sclerosis, or both. This was followed
by a contrast-enhanced CT, and the findings were analyzed in
a similar manner. In addition, scalp involvement, extradural
extension (Figs 4 and 5) of the lesion, and parenchymal involvement were also evaluated.

Results
The most common age at presentation was between
11 and 20 years (mean age, 16 years). Twenty-eight

(66.6%) patients were younger than 20 years of age.
There was a 2: 1 male predominance (Table 1). A
history of trauma or surgery was present in 42% of
patients. Painless swelling and a discharging sinus
were the primary presenting features in 52% of patients (Fig 6) Seizures were observed in four patients,
and two patients presented with clinical features suggestive of meningitis (Table 2). All patients recovered
completely following surgical debridement, antituberculosis chemotherapy, or both. Three patients were
lost to follow-up. There was no relapse in any of the
patients on follow-up after 2 years of antituberculosis
therapy. Table 3 shows radiologic features.
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TABLE 1: Demographic distribution of patients
Characteristic

Number of Cases (%)

Age (y):
0–10
11–20
21–30
31–40
⬎41
Sex:
Male
Female

2 (4.7)
26 (61.9)
12 (28.5)
2 (4.7)
0 (0)
28 (66)
18 (33)

Discussion
Tuberculosis continues to be among the greatest
health problems in developing countries and has an
enormous social and economic impact. Even in developed countries, where the disease has been largely
controlled, it poses fresh health care challenges. This
is mainly because of the migration of people from the
developing world, where there is a high prevalence of
tuberculosis and HIV infection. This has resulted in a
worldwide resurgence of tuberculosis. During the past
decade, the clinical pattern and presentation of tuberculosis has changed dramatically (1). It is known
that 1.5% of India’s population is infected with the
disease (2).
Reid et al reported the first case of calvarial tuberculosis in 1842 (3). In 1933, Strauss reviewed 220
cases of calvarial tuberculosis that had appeared in
the literature and included three additional cases (4).
In 1942, Meng and Wu (5) reported 40 cases in China
of tuberculosis of the skull. In 1981, Mohanty et al (6)
reported 156 cases of chronic osteomyelitis of the
skull in India, of which 22 cases were tuberculosis.
Before the advent of effective chemotherapy, calvarial tuberculosis was estimated to represent 0.2–
1.3% of all cases of skeletal tuberculosis (4). In his
review, Strauss established an incidence of calvarial
tuberculosis of 1%. In 1974, Nicholson (7) reported
only one case of calvarial tuberculosis in 176 cases of
bone and joint tuberculosis. In 1954, Tirona (8) reported an incidence of 0.4%; however, Danziger et al
(9) encountered nine cases over 7 years and found the
incidence of skull involvement second to that of the
vertebra (10).
About 50% of the cases reported in the literature
were in patients younger than 10 years, and 70 –90%
were younger than 20 years (4, 5, 6). The disease is
rarely seen in infants (1). In our study of 42 cases,
two-thirds of patients were younger than 20 years.
Many authors (4, 11) have hypothesized that trauma
is a predisposing factor in the formation of bony
lesions. Increased vascularity, decreased resistance,
and unmasking of a latent infection secondary to
trauma are thought to be the predisposing factors. In
addition, inflammatory cells are attracted to the site
of trauma and act as vectors (12). Meng and Wu (5)
challenged the significance of trauma, reasoning that
was seconded by Barton (13), who found no patient
with a history of head injury. In our series, 18 (42.8%)
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patients had a history of trauma. Three patients had
undergone surgery of the scalp before the onset of the
tuberculous lesions. It is believed that calvarial tuberculosis occurs by hematogenous seeding of bacilli to
the diploe. Lymphatic dissemination of tuberculosis,
common in other bones, is not thought to occur in the
skull (8, 14). Another school of thought, however,
suggests the likelihood of a lymphatic mode of transmission. This would explain the rarity of calvarial
tuberculosis, because the skull has a poor lymphatic
supply (15). In many cases, the primary infection lies
elsewhere in the body; the lungs are thought to be the
most common site (5, 13, 16, 17). Other primary sites
affected by tuberculosis are bones, lymph nodes, the
gastrointestinal tract, the kidneys, and the central
nervous system (4, 13, 17). We were not able to
establish a primary focus of infection in any of our
patients. Concentrically placed proliferating fibroblasts encircle the tuberculous granulation tissue and
prevent its further extension through the diploe (14,
8). If the process is not contained, further extension
can occur through the inner and/or outer table of the
skull. Cranial sutures do not prevent the spread of
granulation tissue, and hence extensive destruction
can occur before a sinus or swelling manifests (18).
The common sites of involvement are frontal and
parietal, followed by the occipital and sphenoid
bones. This is probably accounted for by a greater
amount of cancellous bone with diploeic channels at
these sites (5, 19).
Tuberculosis may present as a subgaleal swelling
(Pott’s puffy tumor) (10) with a discharging sinus
when the outer table is involved. Involvement of the
inner table is associated with formation of underlying
extradural granulation tissue. Strauss (4) concluded
that the inner table was more likely to be involved.
In their study, however, Meng and Wu (5) found
both tables to be equally affected. With excessive
granulation tissue in the extradural space, the patients
might manifest a neurologic deficit. Despite the dura
mater, which is an effective barrier to the spread of
infection, subdural empyemas, meningitis, and parenchymal granulomas can also be encountered (4, 6, 20,
21). In 223 cases of calvarial tuberculosis reviewed by
Strauss (4), 30% had extradural granulation tissue,
10% had meningitis, and 5% had cerebral tuberculomas. In our series, 85% of patients had bone destruction. Epidural collections were seen in 52%. Periosteal reaction, noted by Brown et al (10) in their study
of tuberculosis of the skull, was not seen in any of our
cases.
In most cases discussed in the literature, patients
present with painless scalp swelling and, at times, a
discharging sinus in the scalp (5, 6, 13, 22, 23). Initial
presentation with seizures (4), motor deficits (16), or
other manifestations of meningitis (12) is uncommon.
These observations were consistent with our findings.
The erythrocyte sedimentation rate was raised and
the tuberculin test was found positive in all our patients. This has been an observation in most studies
reported so far (13, 24, 25).
Depending on the nature of calvarial destruction,
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FIG 6. A, Coronal CT scan demonstrates
a peripherally enhancing epidural collection over parietal region, crossing the midline associated with subgaleal soft tissue.
On subsequent imaging, superior sagittal
sinus showed no evidence of filling defect.
The sinus tract is seen. B, Coronal bone
window demonstrates destruction of right
parietal bone.

TABLE 2: Clinical features of calvarial tuberculosis
Feature
Scalp swelling
Sinuses
Seizures
Meningitis

Number of Cases (%)
39 (92.8)
22 (52.3)
4 (.095)
2 (.047)
Duration of Presenting Symptoms (mo)

Sinuses:
0–1
2–3
4–6
⬎6

8 (19)
27 (64)
4 (9)
3 (7)

TABLE 3: Radiologic features of calvarial tuberculosis
Feature
Location:
Parietal bone
Frontal bone
Occipital bone
Plain radiographic finding:
Circumscribed lesions
Sclerotic lesions
Diffuse spreading
Subgaleal soft tissue
CT scan finding:
Extradural soft tissue
Calvarial destruction
Parenchymal involvement
Subgaleal soft tissue
Sinus formation

Number of Cases (%)
22 (52.3)
14 (33.3)
6 (14.2)
31 (73.8)
3 (7)
8 (19)
39 (92.8)
22 (52)
36 (85.7)
5 (11.9)
38 (90)
22 (52.3)

three types of the lesions of tuberculosis osteitis are
described at conventional radiography. They depend
on the virulence of the organism and the immune
response of the host. The presence of sclerosis is
thought to represent secondary infection (15). Capillary obliteration occurs, and bone trabeculae are replaced by granulation tissue. Microscopic examination reveals caseation, granulation tissue with areas of
necrosis, and macrophages. “Perforating tuberculosis
of the skull” is a term used by Volkmann (26) to
describe small punched-out lesions with granulation

tissue covering both the inner and outer tables of the
calvaria. It is associated with little tendency to spread
and hence is not associated with a periosteal reaction.
These lesions are commonly known as “circumscribed
lytic lesions.”
Konig used the term “diffuse tuberculosis of the
cranium” for lesions causing widespread destruction
of the inner table of the skull. When these lesions are
associated with extradural granulation tissue, they
have been redefined as “spreading-type” lesions (27).
The least common lesion is the “circumscribed sclerotic type” (6). Cold abscesses, commonly associated
with this form of tuberculosis, are known to precede
destructive changes in bone. In this series, 31 patients
showed “circumscribed lytic” lesions, eight had the
“diffuse spreading” type of lesions, and only three
patients showed “circumscribed sclerotic” lesions. Although the features at conventional radiography of
the skull are not pathognomonic of calvarial tuberculosis, they help in screening patients at high risk (18).
CT demonstrates soft tissue swelling with accompanying destruction of one or both skull tables. A bony
sequestrum may also be seen. It also shows spread of the
disease process to the extradural space, meninges, and
brain parenchyma. Epidural granulation tissue appears
as crescentic or lentiform low-attenuation collection.
The surrounding meninges enhance intensely following
contrast medium administration. CT also reveals evidence of meningitis and parenchymal disease.
MR imaging as a mode of investigation was not
performed because of financial constraints. The
highly specific imaging characteristics of this technique can, in most cases, lead to a conclusive diagnosis. Proton density– and T2-weighted images show a
high-signal-intensity soft tissue mass within the defect
in bone (Fig 7). This may project into the subgaleal
and/or epidural spaces (28) and show peripheral capsular enhancement on the contrast-enhanced image.
MR imaging is sensitive in demonstrating changes in
the meninges and the ventricular walls and in detecting parenchymal foci of involvement.
Because it is not always possible to reach a conclusive diagnosis on the basis of radiologic and clinical
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FIG 7. A, Axial T1- weighted MR image shows a predominantly isointense lesion in the right parietal bone. The hypointensity within
it is suggestive of sinus tract. A streak of hyperintensity is also seen in the epidural region. B, Axial T2-weighted MR image shows the
hypointense lesion in the right parietal bone. The epidural collection is hyperintense. C, Axial T1-weighted contrast-enhanced MR image
shows diffuse enhancement of the calvarial lesion.

findings, microbiologic or histologic confirmation is
essential before starting chemotherapy. The demonstration of acid-fast bacilli in pus smear by using Ziehl
Nelsen stain or isolation of mycobacteria from culture
is diagnostic (18, 20). Microscopic examination reveals a preponderance of lymphocytes, Langhans giant cells, and multiple epitheloid and polymorphonuclear cells with proliferating blood vessels (Fig 8). The
presence of caseous granulomas on histopathologic
examination provides the most conclusive evidence of
tuberculosis infection. Smears and cultures are often
negative (29).
Before the advent of antituberculosis chemotherapy, surgical excision was the mainstay of treatment
of calvarial tuberculosis (30); however, surgery is now
performed in cases in which large extradural collections cause neurologic deficits or large scalp swellings
with sinus formation lead to fulminant secondary infections (12). In such cases, complete excision of
diseased bone and granulation tissue with extirpation
of the sinus tract is recommended. Current trends
advocate the administration of five drugs in the treatment of calvarial tuberculosis for a period of at least
24 months (31). Because the role of anticonvulsants is
controversial, its use in most cases is avoided.

Conclusion
Although calvarial tuberculosis is rare, the incidence of this disease is on the rise, especially with the
prevalence of immunodeficiency syndromes. Conventional radiography and CT findings, in most cases,
help in establishing the diagnosis (28). The scalp
swelling and bone destruction and the less commonly
encountered intracranial manifestations of the disease are detected by using CT. Although MR imaging
has a higher degree of sensitivity than CT scanning in
detecting these lesions, its routine use is not considered essential in the present context of the disease.

FIG 8. Histopathologic analysis (Ziehl Nelsen stain) of surgical
specimen obtained from the lesion showing multiple epitheloid
granulomas with central caseation and palisade epitheloid cells
(white arrowhead) with Langerhans giant cells (white arrow).
Magnification ⫻100.
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