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a  b  s  t  r  a  c  t

Objective:  To  describe  the  clinical  presentation,  distribution  of  lesions,  treatment,  and  outcomes  of
osseous  sarcoidosis.
Methods: A  French  retrospective  multicenter  study  of  patients  with  biopsy-proven  sarcoidosis  analyzed
patients  with  1)  a  biopsy-proven  granuloma  without  caseous  necrosis,  and  either 2)  osseous  clinical
manifestations,  or 3) abnormal  osseous  imaging.  Sarcoidosis  patients  with  osseous  involvement  (cases)
were  compared  with  264  age-  and  sex-matched  sarcoidosis  patients  with  no  osseous  manifestations
(controls).
Results:  In  the  osseous  sarcoidosis  group (n = 88),  forty-two  (48%)  patients  had  osseous-related  symptoms
involving  the  axial  (69%)  and/or  appendicular  (58%)  skeleton.  On imaging,  the  most  commonly  affected
bones  were  in the  spine  (52%),  pelvis  (42%),  hands  (22%) and  femur  (19%).  Compared  with  controls,  cases
had  higher  rates  of  mediastinal  (93%  vs.  47%)  and  extra-thoracic  lymph  node  involvement  (66%  vs.  21%),
pulmonary  (90%  vs.  65%)  and cutaneous  involvement  (44%  vs. 23%)  (all  P < 0.0001),  and  hypercalcemia
(8.5%  vs. 2%,  P =  0.014).  Spleen/liver  and  gastrointestinal  involvement  were  less  frequent  in the  osseous
sarcoidosis  group  (29%  vs. 45%,  and  1%  vs. 17%,  respectively,  P  < 0.0001).  Response  rates  to  with  glucocor-
ticoids  alone,  glucocorticoids  plus  methotrexate  or glucocorticoids  plus  hydroxychloroquine  were  23/44
(52%), 9/13  (69%)  and 4/6 (67%),  respectively.

Conclusion:  In  patients  with  osseous  sarcoidosis  the  spine  and  pelvis  were  the  most  commonly  affected

bones.  Compared  with  controls,  cases  with  osseous  sarcoidosis  have  higher  rates  of thoracic  and  extra-

thoracic  lymph  node  involvem
patients  with  osseous  sarcoido
ate  or  hydroxychloroquine.
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Table 1
Main characteristics of cases with osseous sarcoidosis and controls with non-
osseous sarcoidosis.

Osseous
sarcoidosis
(n = 88)

Non-osseous
sarcoidosis
(n = 264)

P

Female, n (%) 44 (50) 132 (50) 1*
Median age at diagnosis, years
[IQR]

41 [34–51] 39 [30–51] 0.174*

Ethnic origin; n (%) 0.725
White 42/83 (51) 128 (46)
Black 24/83 (29) 70 (27)
Asian 2/83 (2) 4 (2)
Other 15/83 (18) 62 (24)

Extra-osseous manifestations,
n (%):

Mediastinal lymph node 78/84 (93) 171 (65) < 0.0001
Pulmonary 79/88 (90) 124 (47) < 0.0001
Extra-thoracic lymph node 56/85 (66) 56 (21) < 0.0001
Cutaneous 38/86 (44) 61 (23) < 0.0001
ENT 26/85 (31) 55 (21) 0.076
Liver/spleen 25/86 (29) 118 (45) 0.012
Arthritis 25/88 (28) 73 (28) 0.891
Central nervous system 13/85 (15) 40 (15) 1
Eye 11/82 (13) 40 (15) 0.859
Heart 10/83 (12) 38 (14) 0.716
Peripheral nervous system 9/85 (11) 15 (6) 0.139
Muscular 7/86 (8) 45 (17) 0.054
Renal 4/84 (5) 14 (5) 1
Gastro-intestinal 1/86 (1) 46 (17) < 0.0001

Hypercalcemia, n (%) 6/71 (8.5) 5 (2) 0.014
90 I. Ben Hassine et al. / Joint

Sarcoidosis is a multi-systemic inflammatory disease charac-
erized by non-caseating granulomas in the affected organs [1–3].
ntrathoracic lymph nodes and pulmonary involvement are most
ommon, affecting more than 90% of patients with this diagnosis
3]. Musculoskeletal manifestations of sarcoidosis are less common,
bserved in 25–33% of patients [4]. Osseous sarcoidosis is a rare
anifestation, reported in 3–13% of sarcoidosis patients [1,5,6].

ome authors have noted that bone involvement in sarcoidosis
ccurs very rarely in the absence of skin lesions [7]. Since only
alf of the patients with osseous sarcoidosis are symptomatic, bone

nvolvement may  be more common than previously reported [8].
he most commonly affected regions are those of the appendicular
keleton, particularly the hands and the feet [1]. Magnetic reso-
ance imaging (MRI) and positron emission tomography (PET/CT)
re useful for describing bone lesions as permeative, destructive
r lytic [9,10]. There is no general consensus for the treatment of
sseous sarcoidosis, although glucocorticoids were the most com-
on  treatment used. There have been several reports of successful

reatment of refractory osseous sarcoidosis with anti-tumor necro-
is factor alpha (TNF) agents [11]. We  aimed to describe the clinical
resentation, distribution of bone lesions, treatment strategies and
utcomes of patients with osseous sarcoidosis.

. Methods

A French retrospective multicenter study of patients with
iopsy-proven sarcoidosis and osseous manifestations was  con-
ucted. Patients with osseous sarcoidosis (cases) were identified
hrough a regional (Paris area) call and a national call for medi-
al records via the Club Rhumatismes et Inflammation (a working
roup of the French Society of Rheumatology). A group of 264
ontrol subjects with biopsy-proven sarcoidosis without osseous
nvolvement were screened in a national medical records database.
atients with osseous sarcoidosis were compared with age- and
ex-matched sarcoidosis patients without osseous manifestations
controls). The inclusion criteria for adult patients with osseous
arcoidosis were:

a biopsy-proven granuloma without caseous necrosis, and either;
osseous clinical manifestations, or;
abnormal osseous imaging.

Löfgren’s syndrome, joint pain, or arthritis were considered
on-osseous manifestations of sarcoidosis. Patients with the above
bnormalities were eligible for inclusion only if they also had evi-
ence of osseous involvement on imaging or bone biopsy.

For patients and controls, we retrospectively collected from
edical records data concerning the characteristics of sarcoidosis

t the initial diagnosis, the type of non-osseous sarcoidosis organ
anifestations, osseous symptoms, the main laboratory tests val-

es, osseous and non-osseous imaging findings, treatment, and
athology results. Osseous involvement was characterized accord-

ng to the distribution of affected bones by biopsy or imaging. We
efined the axial skeleton as the spine, pelvis, ribs, scapulae, clavi-
les, skull or facial bones. Appendicular bones included the femur,
ibia, fibula, feet, humerus, ulna, radius, and hands. Imaging modal-
ties included X-ray, computed tomography (CT), MRI, 99mTc-HDP
one scintigraphy and 18FDG PET-CT.

Response to treatment was evaluated 6 to 12 months after ther-
py initiation for sarcoidosis. Patients were classified as responders
f they had clinical and/or radiological osseous improvement.

sseous non-responders were defined as patients with neither clin-

cal nor radiologic improvement, and/or patients without capacity
o reduce the daily dose of prednisone below 0.5 mg/kg. The study
as approved by the Ethics Committee of the School of Medicine
*Osseous sarcoidosis (cases) and non-osseous sarcoidosis (controls) patients were
matched for age and sex.

at Strasbourg University (Université de Strasbourg, Strasbourg,
France).

2. Statistical analysis

Data are expressed as medians and the interquartile range [IQR]
for quantitative variables, or counts and percentages (%) for cate-
gorical variables. Comparison between quantitative variables was
performed using the nonparametric paired Wilcoxon test, and the
Fisher’s exact test for categorical variables. P-values below 0.05
were considered to be significant. Tests were performed using SPSS
Statistics version 17.0 for Microsoft Windows (Chicago, IL, USA).

3. Results

3.1. Characteristics of the study population

The demographics and organ involvement of patients with
osseous sarcoidosis and controls are shown in Table 1. In the
osseous sarcoidosis group (n = 88), the median age [IQR] at sar-
coidosis diagnosis was 41 [34–51] years, and 44 (50%) patients
were women. Forty-two out of 83 (51%) patients were white and
24 (29%) were black. All osseous sarcoidosis patients had numerous
other extra-osseous manifestations of sarcoidosis. Compared with
non-osseous sarcoidosis patients, those with osseous sarcoidosis
showed significantly higher rates of mediastinal lymphadenopathy
(93% versus 67%), pulmonary involvement (90% vs. 45%), extra-
thoracic lymph node involvement (66% vs. 21%), cutaneous mani-
festations (44% vs. 23%) (P < 0.0001 for all), and hypercalcemia (8.5%
vs. 2%) (P < 0.014). On the contrary, patients with bone sarcoidosis
had significantly lower rates of liver/spleen (29% vs. 45%, P = 0.012)
and gastrointestinal involvement (1% vs. 17%, P < 0.0001). Rates of

other non-osseous sarcoidosis manifestations, i.e. ENT, central ner-
vous system, ocular, cardiac, peripheral nervous system and renal
involvement, were not different between the groups. Of note, non-
osseous musculoskeletal sarcoidosis manifestations such as joint
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Table  2
Main characteristics of bone involvement in patients with bone sarcoidosis.

Presentation of osseous sarcoidosis
Median duration of sarcoidosis prior to osseous sarcoidosis,

years (mean ± SD)
2.8 ± 4.35

Osseous sarcoidosis diagnosed at initial presentation of
sarcoidosis, n (%)

33/85 (39)

Type of osseous manifestations, n (%)
No symptoms 42/88 (48)
Digital pain, swelling and erythema (dactylitis) 13/46 (28)
Back pain 11/46 (24)
Digital pain 7/46 (15)
Pelvic pain 4/46 (9)
Mandibular pain 4/46 (9)
Teeth loss 1/46 (2)
Fracture 0/46 (0)

Laboratory measurements
Serum ACE level elevated at osseous diagnosis, n (%) 42/71 (59%)
Median serum calcium at osseous diagnosis, mmol/L 2.46
Serum calcium level elevated at osseous diagnosis, n (%) 6/71 (8%)

Pathology, n (%)
Bone biopsy 25/88 (28)
Bone biopsy showing typical features of osseous sarcoidosis 17/25 (68)

Distribution of bone lesions, n (%)
Axial skeleton involvement 59/85 (69)

Only axial 34/59 (58)
Spinal bone 46/59 (78)
Cervical 16/46 (35)
Dorsal 36/46 (78)
Lumbar 37/46 (80)
Pelvic bone 37/59 (63)
Skull 11/59 (19)
Rib 11/59 (19)
Scapular 11/59 (19)
Sternum 14/59 (24)
Facial bones 2/59 (3)

Appendicular skeleton involvement 47/81 (58)
Only appendicular 26/47 (55)
Hand 19/47 (40)
Phalanx 17/47 (36)
Metacarpal 5/47 (11)
Carpal 2/47 (4)
Femur 17/47 (36)
Feet 10/47 (21)
Phalanx 8/47 (17)
Tarsal 2/47 (4)
Humerus 9/47 (19)
Tibia 2/47 (4)
Ulna 1/47 (2)
Radius 1/47 (2)
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Fig. 1. X-ray of hands showing cysts known as Perthes’ disease and Jüngling’s dis-
ease.
Fibula 1/47 (2)

CE: angiotensin-converting enzyme; SD: standard deviation.

ain and muscular symptoms were noted in 28% vs. 28% (P = 0.891),
nd 8% vs. 17% (P = 0.054) in cases and controls, respectively.

.2. Characteristics of bone sarcoidosis

The median duration of sarcoidosis prior to the diagnosis of
sseous sarcoidosis was 2.8 years (Table 2). Thirty-three out of
5 (39%) patients had bone involvement at the initial presenta-
ion of sarcoidosis. Osseous sarcoidosis was incidentally detected
n 42 (48%) cases on imaging abnormalities. Among patients with
o osseous symptom, 4 (9.5%) patients had elevated serum calcium
nd 21 (50%) patients had elevated serum angiotensin-converting
nzyme (ACE). Forty-six patients experienced bone symptoms,
ainly dactylitis (28%); and back (24%), digital (15%) and pelvic pain

9%). Fifty-nine out of 85 (69%) patients had axial bone involvement,
nd 34 of them were solely affected at the axial skeletal bones. The
wo most common axial sites were the spine (46/59; 78%) and the

elvis (37/59; 63%). Forty-seven out of 81 (58%) cases had appendic-
lar bone involvement, and 26 of them were solely affected at the
ppendicular skeletal bones. The hands (19/47; 40%), femur (17/47;
6%), feet (10/47; 21%) and humerus (9/47; 19%) were the most
affected sites. Six out of 71 (9%) osseous sarcoidosis cases had ele-
vated serum calcium, and 42 out of 71 (59%) had elevated serum
angiotensin-converting enzyme levels.

Imaging modalities were used for the diagnosis of bone involve-
ment, i.e. MRI  in 42 (48%), PET/CT-scan in 42 (48%), and X-rays in
33 (38%) patients (Figs. 1 and 2). Bone scan was  performed in 22
(25%) patients, and bone scintigraphy in 16 (18%) patients. The clas-
sic lesions in the small bones of the hands and feet are known as
Perthes’ disease and Jüngling’s disease. They are well characterized
on standard X-rays (Fig. 1). MRI  findings included T1 hypo intensity
and T2 and STIR hyper intensity lesions (Fig. 2).

Twenty-five out of 88 (28%) patients had a bone biopsy that
showed typical non-caseating granulomas in 17 of 25 patients.
The bone biopsy site was determined by clinical manifestations or
imaging abnormalities. Fifteen out of 88 (17%) patients had both
abnormal bone biopsy and imaging for the diagnosis. The other
non-osseous tissue sites of biopsy showing typical features of sar-
coidosis were the lymph nodes (26/76; 34%), lungs (21/76; 28%),
skin (21/76; 28%), liver (6/76; 8%), thyroid (1/76; 1%) and lip (1/76;
1%).

3.3. Treatment and outcomes

Patients with osseous sarcoidosis received glucocorticoids
alone (54%), methotrexate alone (53%) or hydroxychloroquine
alone (31%) (Table 3). Glucocorticoid therapy was  combined
with methotrexate or hydroxychloroquine in 16% and 7% of
cases, respectively. Only 7 out of 88 (8%) patients had no spe-
cific treatment. Rates of clinical and/or radiological response
of bone sarcoidosis in patients treated with glucocorticoids
alone, glucocorticoids plus methotrexate or glucocorticoids plus
hydroxychloroquine were 25/44 (57%), 9/13 (69%) and 4/6 (67%),
respectively (P = 0.50). Only 3 of the 19 (16%) patients who were
treated with glucocorticoids alone were non-responders. TNF-
alpha inhibitors were given to 10 out 81 patients, and all patients
had a good response. Other immunosuppressive drugs were given

mostly for severe or refractory non-osseous sarcoidosis, and in most
of these cases patients had a good response for osseous sarcoidosis.
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Fig. 2. MRI  coronal sequences demonstrating T1 hypo inte

Table 3
Treatment of osseous sarcoidosis patients.

Treatment Patient treated
n (%)

Osseous
responder
n (%)

Glucocorticoid 63 (71.5) 38 (60)
Glucocorticoid alone 44 (50) 25 (57)
Methotrexate alone 43 (49) 41 (95)
Hydroxychloroquine alone 25 (28) 20 (80)
Glucocorticoid plus
methotrexate

13 (15) 9 (69)

TNF-alpha inhibitor 10 (11) 10 (100)
Azathioprine 10 (11) 10 (100)
IV  cyclophosphamide 7 (8) 7 (100)
Glucocorticoid plus
hydroxychloroquine

6 (7) 4 (67)

Mycophenolate 4 (4.5) 4 (100)
Thalidomide 1 (1) 1 (100)
Rituximab 1 (1) 1 (100)
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V: intravenous.

. Discussion

Based on a large French multicenter study of patients with sar-
oidosis and osseous manifestations, we found that:

although the axial and appendicular skeletons were similarly
affected, dactylitis and osseous pain were the first main clinical
symptoms;
osseous involvement was frequently asymptomatic and was inci-
dentally detected in half of the patients;
compared to sarcoidosis patients with no osseous involvement,
cases with osseous sarcoidosis had higher rates of thoracic and
extra-thoracic lymph nodes, pulmonary and cutaneous involve-
ment, and hypercalcemia;
most patients had a good response to corticosteroids used in
combination with methotrexate or hydroxychloroquine.

Earlier studies reported that bones of the hands and feet were
he most commonly affected by osseous sarcoidosis. Axial skele-
on involvement was rarely reported [12]. In the present study,
arcoidosis affected the axial as well as the appendicular skele-
on. Axial bone involvement from sarcoidosis mostly affected the
pine. On either MRI  with hyperintense lesions in multiple vertebral
odies and gadolinium enhancement of osseous lesions or PET/CT
ith active metabolism in bone, no feature can reliably distinguish

arcoidosis from malignant lesions, particularly in the spine and

he pelvis. Bone biopsies may  be required to exclude malignancy.
parks et al. and Zhou et al., respectively, identified 90% and 87.5%
f patients with the spine and pelvis as the most affected sites
1,5]. The hands were the third most affected site, while no patient
nsity (A) and STIR hyper intensity (B) pelvic lesions.

demonstrated foot involvement [5]. This difference in distribu-
tion of osseous involvement may  reflect the frequent use of MRIs
and PET-CTs in recent decades. Symptoms of osseous sarcoidosis
include pain, swelling, erythema or distortion of the fingers. Pain is
often a prominent feature of axial skeletal sarcoidosis [1,5]. In this
study, we  did not find serious manifestations related to pathological
fractures, vertebral compression fractures, nerve compression or
hypercalcemia [1,5]. Gowani et al. [1,5] reported pathological frac-
tures in only 6 out of 118 (5%) patients, and radicular pain in 10 out
of 118 (8.5%) patients. However, vitamin D status was not available
for these patients, this might be of interest since serum 25(OH)D
levels above 20 ng/mL has been associated with lower bone min-
eral density values and a higher risk of fractures in patients with
sarcoidosis [13]. Increased serum calcium levels remains a rare
manifestation of osseous sarcoidosis [1,5].

Most patients in this study showed systemic manifestations
of sarcoidosis other than osseous sarcoidosis, a feature found
by others [1]. Patients with osseous involvement experienced
a higher prevalence of involvement of three or more organs
compared with the non-osseous sarcoidosis control group [5].
This can be accounted for by the long duration between the
diagnosis of sarcoidosis and the osseous involvement [14]. In
line with other studies, cutaneous involvement was  common in
this study [7]. Osseous sarcoidosis patients also have high rates
of mediastinal lymphadenopathy, pulmonary involvement, and
extra-thoracic lymph nodes [1]. Results are less clear for rates of
arthritis, and liver/spleen and gastrointestinal manifestations [5].
Many hypotheses have been suggested for the pathogenesis of
osseous sarcoidosis, although without a clear picture between the
hematogenous theory, the airway route of lung involvement and
musculocutaneous disruption of skin involvement [15].

Osseous lesions of sarcoidosis can be incidentally detected
with imaging modalities, especially MRI  and PET/CT [1,5]. How-
ever, histological proof remains necessary since imaging modalities
have limited specificity in differentiating between sarcoidosis and
malignancy [16–18]. All patients in our study had histological con-
firmation of sarcoidosis with evidence of non-caseating epithelioid
cell granulomas in the bones or in other sites [5]. In one study how-
ever, non-caseating granulomas were identified in all thirty-five
patients with positive MRI  or PET/CT who  underwent bone biopsy
[5]. This observation suggests that pathological confirmation may
not be required for patients with typical imaging patterns.

There is no consensus for the treatment of osseous involve-
ment in sarcoidosis. Asymptomatic patients do not appear to
require treatment [19]. However, since osseous sarcoidosis patients
often present with a systemic disease, many patients will receive
treatment for other non-osseous manifestations. Glucocorticoid

therapy was the most frequently used treatment [1,5,14]. Glu-
cocorticoids were very effective in providing symptomatic relief,
but they have been shown to result in persistent radiographic
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bnormalities despite clinical resolution [20]. In their literature
eview, Gowani et al. found that glucocorticoids were used in 70
ut of 95 patients with osseous sarcoidosis, with all cases reporting
linical improvement and half of the cases radiographic improve-
ent [14]. Methotrexate used alone has been reported to be useful

or the treatment of osseous sarcoidosis [5]. Methotrexate has
hown equal efficacy when compared with corticosteroids as a
rimary treatment [14,21]. Patients treated with anti-TNF also
howed a good response in all cases; of note however is that this
reatment was mainly given to patients with systemic sarcoido-
is [1,5,11,14,22,23]. Surgery was resorted to in rare cases with
rreversible bone pain, neurological involvement, and pathological
ractures [14].

This study has several limitations. It was a retrospective multi-
enter study. The imaging modalities used were not the same for
ll patients and osseous sarcoidosis can be asymptomatic and inci-
entally detected with PET-scan. However, concomitant osseous
ET positivity might be non-specific and scintigraphy might reflect
rthrosis or overuse. While we analyzed each treatment received
y osseous sarcoidosis patients and therapeutic response, all cen-
ers in this study did not share the same therapeutic protocol. This
epresents rather a real-life clinical practice and observational data
ince no current standard therapy exist for osseous sarcoidosis.

In conclusion, the axial as well as the appendicular skeleton
re affected in patients with osseous sarcoidosis. Compared with
hose having sarcoidosis without osseous involvement, patients
ith osseous sarcoidosis have higher rates of thoracic and extra-

horacic lymph nodes, pulmonary and cutaneous involvement, and
ypercalcemia. Most patients with osseous sarcoidosis had a good
esponse to glucocorticoids used alone or in combination with
ethotrexate or hydroxychloroquine.
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