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Background
Sarcoidosis, first described in 1878,1 is a multisystem granu-
lomatous disorder characterized by the accumulation of CD4 
lymphocytes and activated macrophages in affected organs, 
resulting in the formation of granulomas.2 The lungs and the 
bilateral hilar lymph nodes are primarily affected, but the dis-
ease can affect other organs, such as the skin, joints, and eyes.3 
Sarcoidosis mainly affects young people, especially in the third 
and fourth decades of life, but children and elderly subjects 
may also be affected.4 Because many cases remain asympto-
matic, it is difficult to determine the real incidence and preva-
lence.3 However, the prevalence is estimated at about 4.7 to 64 
in 100 000, and the incidence is estimated at about 1.0 to 35.5 
in 100 000 per year.5,6

Although the clear etiology of sarcoidosis is still unknown, 
specific antigenic stimuli processed by activated macrophages 
induce an altered immune response modulated by T cells and 
macrophages.7 This altered response is caused by the upregu-
lated expression and function of MHC-2 molecules and 
costimulatory molecules such as CD86, CD80, and intercellu-
lar adhesion molecule (ICAM).8 The production of CXCR3 
chemokines, such as CXCL10, allows the influx of CXCR3-
positive T-helper 1 (Th1) cells into affected organs,8 which are 
capable of producing interferon-γ, tumor necrosis factor-α 
(TNF-α), and interleukin 2.8

When the antigen persists, the chronic immune response 
generated results in a progressive disease.9 Consequently, epi-
thelioid-cell-rich non-necrotizing granulomas trap remnants 

of causative agents. These epithelioid granulomas are derived 
from activated macrophages being surrounded by T-helper-
inducer CD4+ lymphocytes and rare B cells.9 Rarely, 
Langerhans cells with Schaumann and asteroid bodies can be 
found inside the granuloma.9

Because of the activation of several immune cells and the 
release of chemokines, joint, bone, muscle, and vessel involve-
ment is possible. As such, this article will review some 
reported musculoskeletal manifestations and complications 
of sarcoidosis along with pathophysiological links and treat-
ment modalities.

Articular Involvement
As part of the nonspecific systemic symptoms of sarcoidosis, 
arthralgias can occur. Sarcoid arthritis is usually categorized 
into acute, which is the more common form, and chronic.10

Acute arthritis

Acute arthritis may be self-limited oligoarthritis of the large 
joints resembling reactive arthritis11 or occurs as part of the 
triad of Löfgren syndrome (LS) (Figure 1): symmetric hilar 
adenopathy, joint pain, and erythema nodosum.12 It usually 
occurs in up to 40% of patients with sarcoidosis and can be the 
initial presentation of the disease.13

In most patients with LS, bilateral ankle involvement is 
noted.14 Sarcoid monoarthritis is typically rare, except when 
occurring in the setting of gout and septic arthritis.15
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The presence of HLA-DRB1 and HLA-DRB1*03 alleles 
has been linked to better prognosis for patients with LS.16 
Bilateral hilar adenopathy is detected by chest radiographs in 
90% of patients.14 On the contrary, erythema nodosum only 
occurs in around 40% of patients and has been reported more 
commonly in Caucasians and women.17 In most cases, LS self-
resolves within few months.17 Very rarely, relapse and joint 
destruction occur.18

In sarcoid arthropathy, compared with LS, noncaseating 
granulomas are usually detected in synovial biopsy.19

Imaging by ultrasound usually reveals joint swelling attrib-
utable to periarticular soft tissue swelling and tenosynovitis.20 
True joint synovitis or effusions can be rarely detected on 
Doppler.20 Although not required for diagnosis, synovial fluid 
analysis might reveal mild inflammatory infiltrate with a pre-
dominance of mononuclear cells.21 A histopathological exami-
nation may not demonstrate a granulomatous reaction.21

As LS is a self-limiting process, nonsteroidal anti-inflam-
matory drugs are sufficient in most cases.22 Nevertheless, 10 to 
20 mg of prednisolone is also usually sufficient.22 Most patients 
go into remission within a maximum of 6 months.18

For granulomatous sarcoid arthropathy, local corticosteroid 
injection and hydroxychloroquine have demonstrated efficacy 
secondary to their immunomodulatory properties.23

Chronic arthritis

Chronic arthritis usually occurs as part of multiple manifesta-
tions, including parenchymal lung involvement, lupus pernio, 
chronic uveitis, and tenosynovitis.24 It mostly presents as per-
sistent oligoarthritis or polyarthritis, along with occasional 
dactylitis.14 In advanced cases, erosive changes or Jaccoud-type 
arthropathy (no joint destruction) may occur.25 Chronic arthri-
tis is relatively rare affecting around 0.2% of cases, at least 
6 months after the disease onset.26

The differential diagnosis of chronic sarcoid arthritis 
includes reactive arthritis and rheumatoid arthritis. Elevated 
rheumatoid factor and citrullinated peptide antibodies hint 
toward rheumatoid arthritis. In addition, synovial fluid analysis 
has a milder inflammatory component in sarcoid arthritis than 
rheumatoid arthritis or infectious arthritis, although some-
times a synovial biopsy might be needed to distinguish rheu-
matoid arthritis from sarcoid arthritis.21

Imaging is not very specific for chronic arthropathy of 
sarcoidosis. For example, radiography might infrequently 
show signs of demineralization associated with soft tissue 
infiltration.27 However, destructive arthropathies might 
lead to narrowing of the joint space and demineralization of 
the subchondral bone.27 Similarly, magnetic resonance 
imaging (MRI) findings might depict those of tenosynovi-
tis, such as the involvement of the extensor tendons of the 
fingers.28

While synovial fluid analysis shows mononuclear and poly-
morphonuclear cells, synovial biopsy shows noncaseating 
granulomas.26

Chronic arthritis has a poorer prognosis than acute arthri-
tis.24 Despite that the management is poorly studied, multiple 
pharmacological therapies have been tried (Table 1). 
Methotrexate has been found beneficial in few case-series.29,30 
The TNF antagonists have not been efficacious on the long-
term.31 Other options include azathioprine, local corticosteroid 
injection, and hydroxychloroquine.32

Muscular Involvement
The first published case of sarcoidosis of the skeletal muscles 
goes back to 1908.39 Muscle involvement occurs in up to 
80% of patients with sarcoidosis, although the involvement 
stays asymptomatic in most cases.40 A muscle biopsy is help-
ful for diagnosis as it reveals noncaseating granuloma.40 
Classically, sarcoid muscular involvement has been classified 
into 4 main classifications: asymptomatic, nodular, acute 
myositis, and chronic (Table 2).41 However, with a newly 
suggested classification based on clinical manifestations, 
electromyography (EMG), MRI, and pathology, muscle 
involvement in sarcoidosis suggests 4 patterns: nodular, 
smoldering, myopathic, and combined myopathic and neuro-
genic pattern.42 Notably, more than 1 type can coexist in the 
same patient.43

The nodular type

Nodular sarcoid myopathy presents as painful growing palpable 
nodules in the extremity muscles along with myalgia but without 
motor deficit.42 Although not well studied, the nodular form has 
specific MRI and EMG findings (Table 2). As the course of the 
nodular type is relapsing-remitting, immunosuppression is 

Figure 1. A 45-year-old man with Löfgren syndrome (acute erythema nodosum, arthropathy, and bilateral hilar lymphadenopathy).
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commonly used for treatment.42 The nodular type is the second 
least common type of sarcoid muscular involvement.56

Chronic myopathic type

Chronic myopathy is the most common type of presentation 
of sarcoid muscular involvement.46 As it presents with sym-
metrical weakness and atrophy of the proximal muscle 
groups,46,49 it can mimic muscular dystrophy. Muscle enzyme 
activity is usually insensitive. Gallium-67 (67Ga) scintigra-
phy can be helpful in identifying muscular involvement.57 
Patients with chronic sarcoid myopathy generally respond 
well to glucocorticosteroids.57

Acute myositic type

This type of sarcoid muscular involvement is the rarest.44 Usually, 
it presents with muscular swelling and pain.58 Because nonspe-
cific findings are noted on imaging,59 laboratory and histopatho-
logical work-up is needed for diagnosis. Glucocorticosteroids are 
the mainstay of treatment.58

Smoldering type

A newly described smoldering pattern of sarcoid muscular 
involvement refers to constant myalgia without nodules, motor 
deficits, or myotrophy.42 The smoldering pattern less frequently 
affects African Americans and the MRI is usually normal.42 

Table 1. Literature review of the types and outcomes of pharmacological interventions used for treatment of chronic arthritis secondary to 
sarcoidosis.

THERApy STUDy STUDy TypE RESULT AnD oUTcoME

Methotrexate Suda et al29 case report cR

Kaye et al30 case series 5/5 cR up to 30 mo

Agarwal et al33 Retrospective chart review 12/12 cR up to 30 mo

Ungprasert et al10 Retrospective chart review 2 treated
no response

Agarwal et al33 Retrospective chart review 5 treated
cR

Ungprasert et al10 Retrospective chart review 2 treated
no response

Hydroxychloroquine Ungprasert et al10 Retrospective chart review 1 patient with cR
2 patients with no response

Ulbricht et al34 case report cR

Azathioprine Hobbs35 case report cR

Leflunomide Khanna et al36 case report cR

Infliximab callejas-Rubio et al37 case report cR

Etanercept Belkhou et al38 case report Relapse at 1 year

Abbreviations: cR, complete remission.

Table 2. A summary of the symptomatic sarcoid muscular involvement.

SARcoID MUScULAR 
pATTERn

cLInIcAL EMG MRI TREATMEnT

nodular painful growing nodules44

young African Americans2

no motor deficit42

Myopathic 
changes42

Star-shaped areas of low signal intensity 
surrounded by areas of high signal 
intensity on T2-weighted images42

Glucocorticosteroids45

Immunosuppression42

chronic myopathic Elderly women46

Bilateral and symmetrical proximal 
muscle weakness and wasting46

progressive44

Myopathic 
changes42

Homogeneous bright signal intensity on 
the T2-weighted image47

Glucocorticosteroids48

Methotrexate49-53

Azathioprine49,51,54

Hydroxychloroquine45

Acute myositis Acute or insidious respiratory 
problems, as well as proximal 
muscle weakness and pain55

Myopathic 
changes42

Diffusely increased signal intensity on T2-
weighted images44

Glucocorticosteroids44

Abbreviations: EMG, electromyography; MRI, magnetic resonance imaging.
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Around 70% of patients with smoldering muscular sarcoid 
respond to glucocorticosteroids with no subsequent relapse.42 
Hydroxychloroquine is sometimes useful.42

Osseous Involvement
The first case of sarcoid bone involvement goes back to 1903.60 
Bone involvement has been reported in 3% to 13% of patients 
with sarcoidosis.61,62 Around half of the patients with bone 
involvement stay asymptomatic.63 Although peripheral 
involvement is most commonly reported,15 recent radiological 
data are reporting more frequent axial involvement.61

Bone lesions

Sarcoid bone lesions are usually divided into permeative or 
“moth-eaten” appearance, lytic lesions or bone cysts, and scle-
rotic lesions.64 The “moth-eaten” pattern involves the cortex of 
the phalanges and is accompanied by soft tissue swelling.62 
Lytic lesions usually involve the cortex and medulla, most fre-
quently of the middle and proximal phalanges64 (Figure 2). 
Sclerotic lesions are seen in the spine and must be differenti-
ated from metastatic lesions.61 Although the exact etiology of 
these lesions has not yet been elucidated, certain factors could 
play a role65-67 (Figure 3).

In case the bone lesion occurs in the absence of typical pul-
monary and extrapulmonary features of sarcoidosis, a bone 
biopsy is needed to demonstrate the presence of noncaseating 
granuloma.64

Bone metabolism

Several factors could contribute to a low bone mass in patients 
with sarcoidosis. Diffuse skeletal granulomatosis and frequent 
use of glucocorticosteroids are principal contributing factors.68 
Besides, the overproduction of calcitriol (1,25(OH)2 D3) by the 
granulomas can decrease bone mineralization and promote fra-
gility.68 Therefore, clinicians should be cautious with supple-
mentation with calcium and vitamin D.69 The risk of fragility 
fractures among patients with sarcoidosis is increased in the 

distal forearm, being independent of glucocorticosteroid use.70 
Notably, there is no significant increase in fracture risk in ver-
tebrae, proximal femora, and humerus.70

Hypercalcemia and hypercalciuria

Hypercalcemia may be seen in up to 18% of patients with 
sarcoidosis, whereas hypercalciuria might be observed in 
around half of patients.71 The increased production of calci-
triol is the primary contributing factor for hypercalcemia. As 
calcitriol is produced by macrophages that have no alterna-
tive metabolic pathway activated under conditions of hyper-
calcemia, it is possible that hypercalcemia in patients with 
sarcoidosis is associated with a normal plasma level of calci-
triol.68 The administration of vitamin D2 is associated with a 
slight increase in serum level of both 25(OH)D3 and 
1,25(OH)2D3, in contrast to healthy individuals who will 
have an enhanced level of 25(OH)D3.72 Rarely, parathyroid 
hormone–related protein (PTHrP), produced by mac-
rophages and giant cells, might contribute to hypercalce-
mia.73 Importantly, urinary calcium output is associated with 
serum chitotriosidase activity, an important biomarker of the 
disease activity.74

Sarcoid Vasculitis
Rarely, sarcoidosis may be complicated by systemic vasculitis 
that can affect small, medium, or large arteries, with granu-
lomatous lesions seen on vessel biopsy. Necrotizing sarcoid 
granulomatosis (NSG) is characterized by sarcoid-like granu-
loma, vasculitis, and variable degrees of necrosis, in the absence 
of other contributing factors75 (Figure 4).

Figure 2. Radiograph of the bilateral hands in a 32-year-old man with 

mild pulmonary sarcoidosis.

Figure 3. certain factors that could be contributing to the formation of 

bone lesions in patients with sarcoidosis.65-67
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Small-vessel vasculitis

Small-vessel sarcoid involvement usually affects the white pop-
ulation.76 Leukocytoclastic vasculitis (LCV), a type of small-
vessel vasculitis, might coexist with sarcoidosis.77-81 Most of 
the reported cases of LCV-associated sarcoidosis are limited to 
cutaneous involvement, in particular petechiae, purpuric spots, 
and infiltrative erythema. Necrosis is limited in LCV, in com-
parison with NSG.82 Glucocorticoids, with or without cyclo-
phosphamide, are usually beneficial for treatment.83

Medium-vessel vasculitis

Medium-sized vessels, along with pulmonary lymphatic capil-
laries, are usually associated with the pulmonary form of sar-
coidosis.84 In contrast to small-vessel involvement, medium- 
vessel sarcoid vasculitis presents with systemic symptoms that 
can include fever, arthritis, and cutaneous manifestations.83 An 
example of medium/small-vessel vasculitis is granulomatosis 
with polyangiitis (GPA), which may be difficult to be differen-
tiated from lung-necrotizing sarcoid granulomatosis, a variant 
of sarcoidosis with angiitis being a prominent feature.85 For 
example, an isolated pulmonary involvement of GPA might be 
misdiagnosed as sarcoidosis.86 In addition, granulomatous angi-
itis and/or microangiopathy can be present in up to 31% of sar-
coid skin lesions.83 Anti-neutrophil cytoplasmic antibody is 
usually negative in sarcoid vasculitis (NSG), and renal involve-
ment is less common than in GPA.87 Similarly, patients with 
sarcoid vasculitis have no upper airway disease, nephritis, or sys-
temic vasculitis, which is the case in GPA.88

Large-vessel vasculitis

Large-vessel vasculitis, namely Takayasu arteritis (TAK) and 
giant cell arteritis (GCA), can be very rarely induced by sar-
coidosis and can also be very rarely associated with sarcoidosis. 
Therefore, it is important to differentiate between the coexist-
ence of large-vessel vasculitis and sarcoidosis and the entity of 

sarcoid-induced vasculitis. For example, TAK can contribute to 
a granulomatous inflammation, which does not represent a true 
sarcoidosis. The association of TAK and sarcoidosis has been 
described in around 25 cases so far.89 The prognosis has been 
good in most cases, with gucocorticoids being the mainstay of 
treatment.89 Similarly, it is difficult to distinguish between 
large-vessel vasculitis and GCA. Age and vascular distribution 
can help in distinction. An age of disease onset above 50 with 
cranial symptoms secondary to involvement of extracranial 
branches of the carotid artery favors GCA.90 An age less than 
40 with symmetric bilateral hilar lymphadenopathy suggests 
sarcoidosis.90 However, both conditions could coexist.

Conclusion
Sarcoidosis is a multisystem disease that can involve the muscu-
loskeletal system, in particular the joints, muscles, bones, and 
vessels. In rare cases, musculoskeletal involvement can be the 
presenting clinical feature of sarcoidosis. Acute sarcoid arthritis 
is usually self-resolving, in contrast to chronic arthritis which has 
a higher risk of joint destruction. Both acute and chronic sarcoid 
arthropathies are associated with systemic manifestations. Acute 
arthritis can present in the picture of LS, whereas chronic arthri-
tis is associated with multiple organ involvement. Symptomatic 
sarcoid muscular involvement has been classically divided into 
nodular, acute myositis, and chronic myopathic, although asymp-
tomatic involvement is the most common. Although imaging 
can be helpful to determine the nodular and chronic myopathic 
type, the acute myositic type has nonsensitive findings. 
Glucocorticoids have been found to be beneficial in the treat-
ment of the 3 types. Similar to muscular involvement, the osse-
ous involvement of sarcoidosis remains asymptomatic in around 
half of the patients. Sarcoid bone lesions can be permeative, lytic, 
and sclerotic mostly depending on the location of the bones 
involved. As a result of the disease process and activation of oste-
oclasts, the bone density can decrease increasing the risk of frac-
ture, in particular in the distal forearm. In addition, hypercalciuria 
may be present in up to half of the patients, but hypercalcemia in 
only around 18%. The vascular involvement of sarcoidosis is still 
infrequently studied. Although vasculitis can coexist and some-
times be induced by sarcoidosis, the pathophysiology and the 
clinical approach still need to be better deciphered.
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Figure 4. Granulomas are surrounded by lymphocytes and plasma cells; 

irregular areas of necrosis are seen admixed with granulomas, but 

necrosis seems to be unassociated with granulomas.



6 Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders 

ORCID iDs
Georges El Hasbani  https://orcid.org/0000-0003-2571-1450
Imad Uthman  https://orcid.org/0000-0001-8285-6483

RefeRenCeS
 1. Young RC Jr, Rachal RE, Cowan CL Jr. Sarcoidosis—the beginning: historical 

highlights of personalities and their accomplishments during the early years. J 
Natl Med Assoc. 1984;76:887-896.

 2. Hunninghake GW, Costabel U, Ando M, et al. ATS/ERS/WASOG statement 
on sarcoidosis. American Thoracic Society/European Respiratory Society/World 
Association of Sarcoidosis and other Granulomatous Disorders. Sarcoidosis Vasc 
Diffuse Lung Dis. 1999;16:149-173.

 3. Bargagli E, Prasse A. Sarcoidosis: a review for the internist. Intern Emerg Med. 
2018;13:325-331.

 4. Kouranos V, Jacob J, Wells AU. Severe sarcoidosis. Clin Chest Med. 
2015;36:715-726.

 5. Hillerdal G, Nou E, Osterman K, Schmekel B. Sarcoidosis: epidemiology 
and prognosis. A 15-year European study. Am Rev Respir Dis. 1984;130: 
29-32.

 6. Morimoto T, Azuma A, Abe S, et al. Epidemiology of sarcoidosis in Japan. Eur 
Respir J. 2008;31:372-379.

 7. Prior C, Knight RA, Herold M, Ott G, Spiteri MA. Pulmonary sarcoidosis: pat-
terns of cytokine release in vitro. Eur Respir J. 1996;9:47-53.

 8. Zissel G, Prasse A, Muller-Quernheim J. Immunologic response of sarcoidosis. 
Semin Respir Crit Care Med. 2010;31:390-403.

 9. Chen ES, Song Z, Willett MH, et al. Serum amyloid A regulates granulomatous 
inflammation in sarcoidosis through toll-like receptor-2. Am J Respir Crit Care 
Med. 2010;181:360-373.

 10. Ungprasert P, Crowson CS, Matteson EL. Clinical characteristics of sarcoid 
arthropathy: a population-based study. Arthritis Care Res (Hoboken). 
2016;68:695-699.

 11. Selmi C, Gershwin ME. Diagnosis and classification of reactive arthritis. Auto-
immun Rev. 2014;13:546-549.

 12. Lofgren S. Primary pulmonary sarcoidosis. II. Clinical course and prognosis. 
Acta Med Scand. 1953;145:465-474.

 13. Nessrine A, Zahra AF, Taoufik H. Musculoskeletal involvement in sarcoidosis. J 
Bras Pneumol. 2014;40:175-182.

 14. Visser H, Vos K, Zanelli E, et al. Sarcoid arthritis: clinical characteristics, diag-
nostic aspects, and risk factors. Ann Rheum Dis. 2002;61:499-504.

 15. Bechman K, Christidis D, Walsh S, Birring SS, Galloway J. A review of the 
musculoskeletal manifestations of sarcoidosis. Rheumatology (Oxford). 
2018;57:777-783.

 16. Grunewald J, Eklund A. Lofgren’s syndrome: human leukocyte antigen strongly 
influences the disease course. Am J Respir Crit Care Med. 2009;179:307-312.

 17. Mañá J, Gómez-Vaquero C, Montero A, et al. Löfgren’s syndrome revisited: a 
study of 186 patients. Am J Med. 1999;107:240-245.

 18. Gran JT, Bohmer E. Acute sarcoid arthritis: a favourable outcome? A retrospec-
tive survey of 49 patients with review of the literature. Scand J Rheumatol. 
1996;25:70-73.

 19. Kobak S, Sever F, Usluer O, Goksel T, Orman M. The clinical characteristics of 
sarcoid arthropathy based on a prospective cohort study. Ther Adv Musculoskelet 
Dis. 2016;8:220-224.

 20. Le Bras E, Ehrenstein B, Fleck M, Hartung W. Evaluation of ankle swelling due 
to Lofgren’s syndrome: a pilot study using B-mode and power Doppler ultraso-
nography. Arthritis Care Res (Hoboken). 2014;66:318-322.

 21. Pettersson T. Sarcoid and erythema nodosum arthropathies. Baillieres Best Pract 
Res Clin Rheumatol. 2000;14:461-476.

 22. Perruquet JL, Harrington TM, Davis DE, Viozzi FJ. Sarcoid arthritis in a 
North American Caucasian population. J Rheumatol. 1984;11:521-525.

 23. Beegle SH, Barba K, Gobunsuy R, Judson MA. Current and emerging pharma-
cological treatments for sarcoidosis: a review. Drug Des Devel Ther. 
2013;7:325-338.

 24. Torralba KD, Quismorio FP Jr. Sarcoid arthritis: a review of clinical features, 
pathology and therapy. Sarcoidosis Vasc Diffuse Lung Dis. 2003;20:95-103.

 25. Kobak S. Sarcoidosis: a rheumatologist’s perspective. Ther Adv Musculoskelet Dis. 
2015;7:196-205.

 26. Sweiss NJ, Patterson K, Sawaqed R, et al. Rheumatologic manifestations of sar-
coidosis. Semin Respir Crit Care Med. 2010;31:463-473.

 27. Brandao Guimaraes J, Nico MA, Omond AG, et al. Radiologic manifestations 
of musculoskeletal sarcoidosis. Curr Rheumatol Rep. 2019;21:7.

 28. Moore SL, Teirstein AEJR. Musculoskeletal sarcoidosis: spectrum of appear-
ances at MR imaging. Radiographics. 2003;23:1389-1399.

 29. Suda T, Sato A, Toyoshima M, et al. Weekly low-dose methotrexate therapy for 
sarcoidosis. Intern Med. 1994;33:437-440.

 30. Kaye O, Palazzo E, Grossin M, Bourgeois P, Kahn MF, Malaise MG. Low-dose 
methotrexate: an effective corticosteroid-sparing agent in the musculoskeletal 
manifestations of sarcoidosis. Br J Rheumatol. 1995;34:642-644.

 31. Banse C, Bisson-Vaivre A, Kozyreff-Meurice M, Vittecoq O, Goëb V. No 
impact of tumor necrosis-factor antagonists on the joint manifestations of sar-
coidosis. Int J Gen Med. 2013;6:605-611.

 32. Baughman RP, Lower EE. Steroid-sparing alternative treatments for sarcoid-
osis. Clin Chest Med. 1997;18:853-864.

 33. Agarwal V, Agrawal V, Agrawal A, et al.; and Arthritis in Sarcoidosis Group 
(ASG). Arthritis in sarcoidosis: a multicentric study from India. Int J Rheum Dis. 
2018;21:1728-1733.

 34. Ulbricht KU, Stoll M, Bierwirth J, Witte T, Schmidt RE. Successful tumor 
necrosis factor alpha blockade treatment in therapy-resistant sarcoidosis. Arthri-
tis Rheum. 2003;48:3542-3543.

 35. Hobbs K. Chronic sarcoid arthritis treated with intraarticular etanercept. Arthri-
tis Rheum. 2005;52:987-988.

 36. Khanna D, Liebling MR, Louie JS. Etanercept ameliorates sarcoidosis arthritis 
and skin disease. J Rheumatol. 2003;30:1864-1867.

 37. Callejas-Rubio JL, Ortego-Centeno N, Lopez-Perez L, Benticuaga MN. Treat-
ment of therapy-resistant sarcoidosis with adalimumab. Clin Rheumatol. 
2006;25:596-597.

 38. Belkhou A, Younsi R, El Bouchti I, El Hassani S. Rituximab as a treatment 
alternative in sarcoidosis. Joint Bone Spine. 2008;75:511-512.

 39. Bogrow S. Moskauer venerologische und dermatologische Gesellschaft. Arch 
Dermatol Syph. 1914;117:921-923.

 40. Stjernberg N, Cajander S, Truedsson H, Uddenfeldt P. Muscle involvement in 
sarcoidosis. Acta Med Scand. 1981;209:213-216.

 41. Silverstein A, Siltzbach LE. Muscle involvement in sarcoidosis. Asymptomatic, 
myositis, and myopathy. Arch Neurol. 1969;21:235-241.

 42. Cohen Aubart F, Abbara S, Maisonobe T, et al. Symptomatic muscular sarcoid-
osis: lessons from a nationwide multicenter study. Neurol Neuroimmunol Neuroin-
flamm. 2018;5:e452.

 43. Orandi AB, Eutsler E, Ferguson C, White AJ, Kitcharoensakkul M. Sarcoidosis 
presenting as granulomatous myositis in a 16-year-old adolescent. Pediatr Rheu-
matol Online J. 2016;14:59.

 44. Ahmad Z, Skinner J, Field R. Sarcoid myositis: a rare presentation. BMJ Case 
Rep. 2010;2010:bcr0220102759.

 45. Fayad F, Liote F, Berenbaum F, Orcel P, Bardin T. Muscle involvement in sar-
coidosis: a retrospective and followup studies. J Rheumatol. 2006;33:98-103.

 46. Kidd D, Beynon HL. The neurological complications of systemic sarcoidosis. 
Sarcoidosis Vasc Diffuse Lung Dis. 2003;20:85-94.

 47. Otake S. Sarcoidosis involving skeletal muscle: imaging findings and relative 
value of imaging procedures. Am J Roentgenol. 1994;162:369-375.

 48. Sazliyana Shaharir S, Jamil A, Kosasih S, Soo Fin L, Sridharan R, Hayati Md 
Pauzi S. Sarcoid myopathy mimicking polymyositis: a case report and pool anal-
ysis of the literature reviews. Acta Med Iran. 2017;55:800-806.

 49. Scola RH, Werneck LC, Prevedello DM, Greboge P, Iwamoto FM. Symptom-
atic muscle involvement in neurosarcoidosis: a clinicopathological study of 5 
cases. Arq Neuropsiquiatr. 2001;59:347-352.

 50. Ahmedani Y, Qadir F, Khalid G. Sarcoidosis presenting as proximal myopathy. 
J Pak Med Assoc. 2003;53:440-441.

 51. Sepúlveda-Sánchez JM, Villarejo-Galende A, Cabello A, Alonso-Ortiz A, 
Ibero-Esparza C, Porta-Etessam J. [Sarcoid myopathy. Report of two cases and 
review of the bibliography]. Rev Neurol. 2005;41:159-162.

 52. Fujita H, Ishimatsu Y, Motomura M, et al. A case of acute sarcoid myositis 
treated with weekly low-dose methotrexate. Muscle Nerve. 2011;44:994-999.

 53. Marie I, Levesque H, Manrique A, Vera P, Mehdaoui A. Positron emission 
tomography in the diagnosis of muscular sarcoidosis. Am J Med. 
2007;120:e1-e2.

 54. Karadeli E, Ulu EM. Acute sarcoid myositis with unusual radiologic findings. 
Diagn Interv Radiol. 2010;16:232-235.

 55. Jamal MM, Cilursu AM, Hoffman EL. Sarcoidosis presenting as acute myositis. 
Report and review of the literature. J Rheumatol. 1988;15:1868-1871.

 56. Nemoto I, Shimizu T, Fujita Y, Tateishi Y, Tsuji-Abe Y, Shimizu H. Tumour-
like muscular sarcoidosis. Clin Exp Dermatol. 2007;32:298-300.

 57. Suehiro S, Shiokawa S, Taniguchi S, et al. Gallium-67 scintigraphy in the diag-
nosis and management of chronic sarcoid myopathy. Clin Rheumatol. 
2003;22:146-148.

 58. Ost D, Yeldandi A, Cugell D. Acute sarcoid myositis with respiratory muscle 
involvement. Case report and review of the literature. Chest. 1995;107:879-882.

 59. Liem IH, Drent M, Antevska E, Lamers RJ, Heidendal GA. Intense muscle uptake 
of gallium-67 in a patient with sarcoidosis. J Nucl Med. 1998;39:1605-1607.

 60. James DG, Williams WJ. Sarcoidosis and Other Granulomatous Disorders. Phila-
delphia, PA: W.B. Saunders Company; 1985.

 61. Sparks JA, McSparron JI, Shah N, et al. Osseous sarcoidosis: clinical character-
istics, treatment, and outcomes—experience from a large, academic hospital. 
Semin Arthritis Rheum. 2014;44:371-379.

https://orcid.org/0000-0003-2571-1450
https://orcid.org/0000-0001-8285-6483


El Hasbani et al 7

 62. Zhou Y, Lower EE, Li H, Farhey Y, Baughman RP. Clinical characteristics 
of patients with bone sarcoidosis. Semin Arthritis Rheum. 2017;47:143- 
148.

 63. Neville E, Carstairs LS, James DG. Bone sarcoidosis. Ann N Y Acad Sci. 
1976;278:475-487.

 64. Wilcox A, Bharadwaj P, Sharma OP. Bone sarcoidosis. Curr Opin Rheumatol. 
2000;12:321-330.

 65. Rizzato G. Clinical impact of bone and calcium metabolism changes in sarcoid-
osis. Thorax. 1998;53:425-429.

 66. Meyrier A, Valeyre D, Bouillon R, Paillard F, Battesti JP, Georges R. Different 
mechanisms of hypercalciuria in sarcoidosis. Correlations with disease extension 
and activity. Ann N Y Acad Sci. 1986;465:575-586.

 67. Fallon MD, Perry HM 3rd, Teitelbaum SL. Skeletal sarcoidosis with osteopenia. 
Metab Bone Dis Relat Res. 1981;3:171-174.

 68. Kucharz EJ. Osseous manifestations of sarcoidosis. Reumatologia. 
2020;58:93-100.

 69. Toriu N, Sumida K, Oguro M, et al. Increase of 1,25 dihydroxyvitamin D  
in sarcoidosis patients with renal dysfunction. Clin Exp Nephrol. 2019;23: 
1202-1210.

 70. Ungprasert P, Crowson CS, Matteson EL. Risk of fragility fracture among 
patients with sarcoidosis: a population—based study 1976—2013—supplemen-
tary presentation. Osteoporos Int. 2018;29:1201.

 71. Studdy PR, Bird R, Neville E, James DG. Biochemical findings in sarcoidosis. J 
Clin Pathol. 1980;33:528-533.

 72. Baughman RP, Papanikolaou I. Current concepts regarding calcium metabolism 
and bone health in sarcoidosis. Curr Opin Pulm Med. 2017;23:476-481.

 73. Krikorian A, Shah S, Wasman J. Parathyroid hormone-related protein: an 
unusual mechanism for hypercalcemia in sarcoidosis. Endocr Pract. 
2011;17:e84-e86.

 74. Cameli P, Gonnelli S, Bargagli E, et al. The role of urinary calcium and chitot-
riosidase in a cohort of chronic sarcoidosis patients. Respiration. 2020;99: 
207-212.

 75. Liebow AA. The J. Burns Amberson lecture—pulmonary angiitis and granulo-
matosis. Am Rev Respir Dis. 1973;108:1-18.

 76. Kerr GS, Hallahan CW, Giordano J, et al. Takayasu arteritis. Ann Intern Med. 
1994;120:919-929.

 77. Aractingi S, Cadranel J, Milleron B, Saiag P, Malepart MJ, Dubertret L. Sar-
coidosis associated with leucocytoclastic vasculitis. A case report and review of 
the literature. Dermatology. 1993;187:50-53.

 78. Cecchi R, Giomi A. Annular vasculitis in association with sarcoidosis. J Derma-
tol. 1999;26:334-336.

 79. Garcia-Porrua C, Gonzalez-Gay MA, Garcia-Pais MJ, Blanco R. Cutaneous 
vasculitis: an unusual presentation of sarcoidosis in adulthood. Scand J Rheuma-
tol. 1998;27:80-82.

 80. Numakura T, Tamada T, Nara M, et al. Simultaneous development of sarcoid-
osis and cutaneous vasculitis in a patient with refractory Crohn’s disease during 
infliximab therapy. BMC Pulm Med. 2016;16:30.

 81. Ocakli B, Özmen I, Sonkaya E, et al. An uncommon coexistence of sarcoidosis and 
cutaneous leukocytoclastic vasculitis in an adult. Indian J Dermatol. 2019;64:486-489.

 82. Judson MA. Granulomatous sarcoidosis mimics. Front Med (Lausanne). 
2021;8:680989.

 83. Fernandes SRM, Singsen BH, Hoffman GS. Sarcoidosis and systemic vasculitis. 
Semin Arthritis Rheum. 2000;30:33-46.

 84. Takemura T, Matsui Y, Saiki S, Mikami R. Pulmonary vascular involvement in 
sarcoidosis: a report of 40 autopsy cases. Hum Pathol. 1992;23:1216-1223.

 85. Gibson LE, el-Azhary RA, Smith TF, Reda AM. The spectrum of cutaneous 
granulomatous vasculitis: histopathologic report of eight cases with clinical cor-
relation. J Cutan Pathol. 1994;21:437-445.

 86. Begum S, Srinivasan S, Kathirvelu S, Vaithy A. Limited granulomatosis with 
polyangiitis presenting as an isolated lung lesion. Indian J Pathol Microbiol. 
2020;63:611-614.

 87. Hammar SP. Granulomatous vasculitis. Semin Respir Infect. 1995;10:107-120.
 88. Frazier AA, Rosado-de-Christenson ML, Galvin JR, Fleming MV. Pulmonary 

angiitis and granulomatosis: radiologic-pathologic correlation. Radiographics. 
1998;18:687-710; quiz 727.

 89. Saha BK, Burns SL, Foulke LA, Judson MA. Coexistent Takayasu arteritis and 
sarcoidosis: a case report and review of the literature. Sarcoidosis Vasc Diffuse Lung 
Dis. 2019;36:311-317.

 90. Iyer VN, Lindell RM, Young JR, Koster M. A case of sarcoid arteritis or giant 
cell arteritis? Paper presented at: B34. AUTOIMMUNE LUNG DISEASE 
CASE REPORTS; May 21, 2018. https://www.atsjournals.org/doi/pdf/10.1164/
ajrccm-conference.2018.197.1_MeetingAbstracts.A3090.

https://www.atsjournals.org/doi/pdf/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A3090
https://www.atsjournals.org/doi/pdf/10.1164/ajrccm-conference.2018.197.1_MeetingAbstracts.A3090

