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Abstract: 
Musculoskeletal (MSK) involvement is a very frequent manifestation of patients with 
systemic sclerosis (SSc). There are several reports about clinical trials assessing 
musculoskeletal involvement in SSc. However, only few controlled studies have been 
conducted. The prevalence of musculoskeletal symptoms, clinical and radiographic findings 
has been assessed. 
The most important articular (arthralgia, synovitis, contractures), tendon (tendon friction rubs, 
tenosynovitis) and muscular manifestations (myalgia, muscle weakness, myositis) should be 
carefully evaluated during the assessment of SSc patients, because these are not only 
common, but substantially influence the quality of life and some of them also have predictive 
value concerning disease activity and severity. 



 

Introduction 
Systemic sclerosis (SSc) is a multi-system disease characterized by vascular damage, 
autoimmune and fibrotic processes. Involvement of the internal organs – lungs, heart and 
kidney - is responsible for the high mortality of the disease. Musculoskeletal (MSK) 
involvement, on the other hand, is one of the main factors of the devastating disability and the 
dramatically decreased quality of life in scleroderma patients. 
MSK involvement altogether is very common in SSc however, there are great differences in 
the frequency of the various MSK manifestations. It is one of the main factors affecting 
quality of life in SSc. Although in different pattern and extent, it is present in both the diffuse 
(dSSc) and limited (lSSc) cutaneous subtypes of SSc. The MSK manifestations are listed 
organized by complaints, signs and symptoms below in Table I.  
I. Table. Musculoskeletal manifestations in systemic sclerosis 

 Skeletal muscle 
manifestations 

Skeletal manifestations Tendon 
manifestations Articular Non-articular 

Complaints - myalgia 
- weakness 

- arthralgia 
- joint stiffness 

- shortening of 
digits 
-loss of digits 

- pain over the 
tendons 

Symptoms - muscle 
weakness 
- muscle 
tenderness 

- joint tenderness 
and/or swelling 
(arthritis) 
- joint contractures 

- pathological 
fractures 

- tendon friction 
rubs 

Signs 
(laboratory, 
imaging, 
histology) 

- elevated creatin 
kinase and 
aldolase levels 
- signs of 
myopathy, 
myositis on 
electromyography 
- mononuclear 
inflammation,  
fibrosis, 
microangiopathy, 
necrosis on 
muscle biopsy 

- elevated acute 
phase reactants 
- joint space 
narrowing 
-marginal erosions 
- synovial 
proliferation 
- synovial effusion 

- generalized 
osteoporosis or 
osteopenia 
- acroosteolysis 
and other 
localized bone 
resorption 
-osteomyelitis 

- tenosynovitis 
- carpal tunnel 
syndrome 

 

Muscle involvement 
 



Prevalence 
The prevalence of skeletal myopathy in SSc varies from 5% to 96% due to the lack of 
diagnostic consensus criteria [1-11]. In the published studies most often combinations of 
clinical, biological, electromyographic (EMG), MRI and/or histological evidence for muscle 
abnormalities were used [1, 3, 5, 10, 12-15]. Another factor of the varying prevalence may be 
the inclusion or exclusion of scleroderma-myositis overlap syndromes [7, 16, 17]. There is no 
consensus whether an inflammatory myopathy in SSc should rather be considered as disease 
symptom or as scleroderma-myositis overlap. SSc is the most common connective tissue 
disease associated with inflammatory myopathies, and it was found to account for 42% of 
patients with myositis overlap [17]. 
In a study by Medsger et al [5] only 20% of patients reported muscle-related symptoms 
whereas upon examination 6 (11%) had ‘marked’, 10 (19%) had ‘severe’, 18 (34%) had 
‘moderate’, and 9 (17%) had ‘minimal’ weakness. Proximal muscle weakness was found in 
20 of 38 patients (53%).  
The role of genetic factors has not yet been systematically investigated. One Japanese study 
reported a prevalence of myopathy of 14% in SSc patients [13]. Afro-American scleroderma 
patients were found to have a higher prevalence of myositis and severe skeletal muscle 
involvement was also more often encountered compared to white SSc patients [18, 19] and 
another study has shown a prevalence of 37% of myositis in black South Africans with SSc 
[14]. In another study, important sociodemographic, clinical, and serologic differences were 
found between whites, African Americans, and Hispanics, however, the frequency of myositis 
was not significantly different among these patient groups [20]. 
 
Clinical symptoms 
The most frequent clinical symptoms are muscle pain and weakness. The frequency of muscle 
pain varies from 20% to 86% [5, 21] in SSc patients. Scleroderma patients with myopathy 
have usually symmetric proximal limb weakness that is indistinguishable from that seen in 
patients with idiopathic inflammatory myositis. Distal weakness may be also present [2, 5] but 
sometimes it can be difficult to distinguish myopathic weakness from the limitation of 
movement due to skin sclerosis, articular changes in proximity to the assessed muscles or 
fibrosis of underlying tissues. 
Muscle weakness reported by the treating physician was 18.9% in the lSSc and 33.5% in the 
dSSc subset in patients fulfilling the ACR classification criteria, and 36.5% in the ‘other’ 
subgroup, consisting of patients with skin sclerosis distal to metacarpophalangeal (MCP) 
joints in the EUSTAR database comprising data of 9165 SSc patients [22]. This latter group 
included most probably patients with early SSc as well as cases with overlap syndromes. In 
other studies, the prevalence of abnormal muscle strength tested manually varied widely, from 
10% up to 96% [1, 5, 23-25]. The lower prevalence of self-reported muscle weakness in the 
majority of the studies may suggest that muscle involvement in SSc patients is frequently 
rather mild and/or that the level of physical activity of SSc patients is reduced due to other 
reasons such as malaise, synovitis, and heart or lung disease. However, in a study by 
Clements et al the prevalence of self-reported muscle weakness was higher (26-40%) if 
compared to decreased muscle strength by manual muscle testing (MMT) (10%) [23] 



indicating that sometimes muscle weakness may not be due to a primary myopathy but due to 
other scleroderma-associated disease symptoms such as joint involvement, skin contractures 
or fatigue.  
Apart of the muscles of the limbs, other muscles might be also affected in SSc, e.g. head 
extensor muscles [7, 26-28] described in several recent case reports. There are no data about 
the involvement of respiratory muscles in SSc, however in patients with SSc- 
polymyositis/dermatomyositis overlap syndrome, respiratory muscles may also be affected 
[29].  
Clinical association of myopathy was found with tendon friction rubs (TFR) in both SSc 
subsets in a recent EUSTAR study, where TFR was positively associated with muscle 
weakness. However, whether this was due to a generally increased disease activity or 
secondary due to affection of joints and tendons cannot be answered [30]. 
The presence of myositis was also found to be associated with myocarditis in SSc patients [4, 
10]. In accordance with previous studies [13, 14], recent case-control studies confirmed 
myopathy as independent risk factor for cardiac involvement and left ventricular dysfunction 
in SSc [3, 31]. Patients who developed cardiac disease in the aforementioned studies had 
more frequently inflammatory myositis with marked increase of creatine kinase (CK) levels.  
 
Evaluation and examination 
As myopathy is relatively frequent in SSc patients and may be an early disease manifestation, 
all patients should be screened for muscle involvement at disease onset and regularly later on. 
However, it can be difficult to distinguish primary myopathic weakness from the limitation of 
movement due to skin thickening, articular changes in proximity to the assessed muscles or 
fibrosis of underlying tissues, and whether it is due to inflammation or muscle damage. Other 
secondary causes of myopathy are  muscle weakness due to disuse (fatigue, joint involvement, 
pulmonary/heart involvement), atrophy because of weight loss or due to side-effects of drugs 
(steroids, statins, antimalarials) [32]. Therefore, when the history or physical exam (MMT) 
suggests the possibility of proximal muscle weakness, additional testing is indicated including 
laboratory testing of muscle enzymes and respective auto-antibodies, EMG, MRI and muscle 
biopsy. 
Laboratory testing includes creatine kinase and aldolase levels, as elevation of one or both are 
characteristic of underlying myopathic process. However, a normal value does not exclude 
inflammatory myopathy, as it was demonstrated in the study by Ranque et al, where 82% of 
patients with biopsy proven myositis had increased CK and 76% had increased aldolase levels 
[21].  
Several autoantibodies have been demonstrated to be associated with skeletal muscle disease 
in SSc patients. The anti PM/Scl antibody was described in patients with scleroderma and 
polymyositis overlap. In a meta-analysis, 31% of patients with SSc and either polymyositis or 
dermatomyositis were anti-PM/Scl positive [33]. The PM/Scl positive patients from the 
Pittsburgh Scleroderma Databank had inflammatory changes on muscle biopsy in the majority 
of cases (58%) [34]. Other commercially available autoantibody that may be useful to identify 
the risk of muscle involvement in the individual patient is the anti-Ku antibody, which was 
associated with muscle weakness, CK elevation and myopathic EMG features compared to 
anti-Ku negative patients [35]. Both the PM/Scl positive and anti-Ku antibody positive SSc 



patients have limited cutaneous rather than diffuse scleroderma. On the contrary, the presence 
of anti-centromere antibody (ACA) has been found to be ’protective’ for myositis [3, 4, 34].  
A recent EUSTAR analysis showed that in anti-Scl70 (=anti-topoisomerase I) positive 
patients muscle involvement occurred more often (muscle weakness in 32%, muscle atrophy 
in 16% and CK elevation in 8.7%) compared to ACA positive patients [9]. The presence of 
anti-U3-RNP (fibrillarin) was also associated with myopathy [34, 36, 37] in SSc patients. In a 
large SSc patient cohort, 4.1% of patients were found to have anti-U3-RNP positivity (38% 
having lSSc and 62% having dSSc). 54% of anti-U3 RNP positive dSSc patients developed 
myositis [38]. Anti-PL7 and anti-PL12 were found to be positive in patients with myositis-
overlap syndromes but at a low frequency. Anti-Jo1 autoantibodies occur in scleroderma-
myositis overlap syndromes in 8-24% [7, 17] of patients who have myositis. Anti-SRP 
positivity occurs most often in “pure” myositis [39] and in patients with scleroderma-myositis 
overlap syndromes [17] and is associated with severe muscle weakness and atrophy [39].  
The EMG displays pathologic findings in the vast majority of SSc patients (>90%) [1, 2, 21] 
regardless of clinical muscle involvement, laboratory features or disease duration. The 
electromyographic features are similar to those of patients with polymyositis [1, 2]. The 
overall sensitivity to detect myopathy is higher with EMG compared to MRI [21] or muscle 
biopsies [1, 5, 21, 32].  
The role of MRI in diagnosing muscle involvement in SSc has not been defined and up to 
now there are only a few studies assessing its use in this patient cohort. In a recent study, 12 
patients underwent MRI of whom 8 (67%) showed inflammation of girdle muscles with 
muscle atrophy and fatty infiltration in three cases [21]. Another study performed with 18 SSc 
patients with musculoskeletal complaints showed MRI findings compatible with myopathy or 
myositis in 14 (78 %) patients, but no correlation was seen with the CK levels [40]. In clinical 
practice, MRI can be an important aid in the identification of biopsy sites.  
New imaging methods for the assessment of inflammatory myopathies include contrast 
enhanced muscle ultrasound (US) to differentiate atrophic from inflamed muscles and 
specialized MR techniques such as T2 mapping, diffusion-weighted imaging and blood 
oxygenation level-dependent imaging, which can provide information on muscle recruitment, 
myofibrillar structure and can functionally evaluate the microcirculation [41, 42]. 
The histological findings of muscle biopsies in SSc patients with myopathy are heterogeneous 
and non-specific. They include mononuclear inflammation, interstitial fibrosis in the 
perimysium and epimysium, microangiopathy, atrophy, myofiber necrosis and regeneration of 
variable degree [5, 6, 10, 21]. These histological findings were indistinguishable from patients 
with poly-/dermatomyositis [1, 7, 10, 43, 44]. Only few data are available about the 
characterization of the cellular infiltrates in patients with SSc myopathy. In one study of 11 
scleroderma muscle biopsy specimens, CD8+ and CD4+ cells were found in roughly equal 
proportion in perivascular cellular infiltrates, whereas CD8+ cells predominated in the 
perimysium[45]. In the recent study by Ranque et al overexpression of MHC I, complement 
deposits on vascular walls with predominance of CD4+ T cells similar to dermatomyositis or 
absence of complement deposits with predominance of CD8+ cells like in polymyositis were 
observed [21].  
One of the most important problems when assessing myopathy in SSc is the absence of 
definite criteria for diagnosis. At present, there is no consensus whether an inflammatory 



myopathy in SSc should rather be considered as disease symptom or as scleroderma-myositis 
overlap. Usually the myopathy is considered as being overlap when a patient with definite 
SSc also satisfies the published diagnostic criteria for polymyositis/dermatomyositis [46]. 
Clements et al suggested two principal patterns of muscle involvement based on manual 
muscle strength testing, muscle enzyme levels and EMG findings [1]. The ’simple myopathy’ 
was a mild form that appears more frequently in SSc patients. These particular patients 
present with proximal muscle weakness, normal or mildly increased CK and aldolase levels, 
and polyphasic motor unit potentials on EMG, but without the insertional irritability and 
fibrillation that characterise classic polymyositis. The muscle involvement is typically 
refractory to corticosteroids. “Complicated myopathy” is far less common and represents a 
true overlap between scleroderma and polymyositis. This form is characterized by muscle 
weakness, highly increased muscle enzymes, polyphasic motor unit potentials of short 
duration and small amplitude, fibrillations, positive sharp waves and increased insertional 
irritability on EMG [1]. Several studies have supported both the presence of a rather mild 
form of proximal myopathy [2, 25, 43, 44] and of myositis in patients with SSc.  
However, this previously suggested classification into a simple and complicated myopathy to 
predict the clinical course and response to therapy may not be further sustained since an 
increasing number of studies do not support this classification [3-6, 16, 47]. 
When assessing the results of muscle biopsies, no clear-cut classification criteria have 
emerged either. However, these studies have not included immunostaining studies, therefore 
further assessment on the immunopathological nature of muscle involvement are needed 
before any new classification criteria are proposed [48]. 
 
Prognosis 
Scleroderma patients with skeletal myopathy do not seem to have worse prognosis compared 
to those patients without myopathy [49-51]. However, it is associated with an increased risk 
of myocardial involvement, which might lead to the development of late-stage late-onset life-
threatening conduction defects [3, 4, 10, 13].  
 
Treatment 
To date, there are no generally accepted treatment recommendations regarding SSc associated 
myopathy. Based on the results of retrospective studies, patients with inflammatory myopathy 
with elevated CK levels, inflammation on MRI or inflammatory infiltrates in muscle 
biopsyare treated with varying doses of corticosteroids [1, 10, 21] with or without 
immunosuppressive drugs such as methotrexate [43, 44, 52] whereas myopathy in patients 
with normal or mildly elevated CK levels and absence of inflammation in MRI or biopsy 
often remains untreated [1, 10]. These latter patients appeared to have a relatively stable 
disease course even when left untreated. In SSc patients unselected for myopathy, treatment 
with D-penicillamine [23] or oral cyclophosphamide [52, 53] had no impact on muscle 
involvement. A recent retrospective study of 35 SSc patients showed that corticosteroid 
therapy was associated with no bioclinical parameter in the multivariate analysis [21]. 
Distinction between good and poor responders to immunosuppressive therapy could be made 
only based on histopathological findings of the muscle biopsy: in patients without 



inflammation or necrosis on biopsy, only 13% had a favorable response to the treatment, 
whereas  patients with necrosis, inflammation, or necrosis and inflammation on muscle biopsy 
had a 89%, 90%, and 100% chance of favorable treatment response, . This finding was in 
accordance with previous studies [1, 10]. However, there should be awareness for the risk of 
scleroderma renal crisis in patients on glucocorticoid treatment (independently of the dose 
used), especially in patients with early diffuse disease and poor prognostic factors [21, 54, 
55]. High doses of corticosteroids should probably only considered in severe biopsy-proven 
myositis [21], whereas in less severe cases low-dose corticosteroids might be sufficient. 
Regarding the use of biological therapies in SSc-associated myopathy, only a few case 
histories are available. In a recent study, diffuse SSc patients with progressive skin disease 
refractory to oral cyclophosphamide were treated with rituximab. One patient who 
additionally suffered from a severe myositis which did not respond to the combination of 
cyclophosphamide with MTX, treatment with rituximab led to the improvement of clinical 
symptoms and the normalization of CK levels [52]. In another study, which tested the effect 
of abatacept in refractory myopathy in 7 SSc patients, abatacept did not improve muscle 
outcome measures, although a tendency of improvement could be observed [56]. 
Patients with scleroderma-myositis overlap syndromes are usually treated similarly with a 
good response to corticosteroids in 89-100% [1, 10, 17, 21].  

 
In summary, the musculoskeletal muscle involvement is a relatively common manifestation 
in SSc. The evaluation of myopathy in SSc patients includes the testing of muscle enzymes, 
specific autoantibodies, manual muscle testing, EMG and muscle biopsy. With respect to 
auto-antibodies, anti-U1-RNP, anti-U3-RNP, anti-Scl70, anti-Pm-Scl, anti-Ku, anti-Jo are 
found to be associated with myopathy in SSc and scleroderma-myositis overlap syndromes. 
EMG is currently probably the most reliable and sensitive diagnostic tool to detect SSc-
associated myopathy. The muscle biopsy helps to identify those patients who might have 
beneficial therapeutic response to immunosuppressive agents. SSc patients with myopathy 
should be carefully screened for cardiac involvement even in the absence of cardiac 
complaints. 
 

Skeletal involvement 
Skeletal involvement of the SSc can be divided into articular and non-articular involvement. 
Articular involvement can be present in many different forms in SSc. The most common 
manifestations are arthralgia and joint contractures. Arthritis is less frequent, but also 
relatively often present in SSc [30, 57].  Joint involvement can be the initial manifestation of 
SSc. Its onset can be acute or insidious with an intermittent, chronic remittent, slowly 
progressive or rapidly progressive course which can be present in monoarticular, oligarticular, 
or polyarticular pattern.[58] Though involvement of the hands is more prominent and frequent 
in SSc than the feet, foot involvement should also be taken into consideration [59-63]. The 
involvement of the temporomandibular joints in SSc has also been reported in a few studies 
[63-65]. 
 The main forms of non-articular involvement in SSc are generalized and localized 
osteoporosis, digital tuft resorption and osteolysis at other body regions.  



 Many studies have established an increased risk of bone loss and fracture in 
individuals with chronic inflammatory conditions. Patients with SSc may have an increased 
risk of osteoporosis (OP) because of a chronic inflammatory state, premature menopause, 
occult malabsorption or malnutrition, low weight, major disability, immobilization, and use of 
corticosteroid therapy. However, results regarding the risk of osteoporosis in SSc are still 
conflicting in SSc, since studies involved different SSc populations, study design, and 
generally a relatively small sample size [66-72]. A recent study has found that the prevalence 
of osteoporosis and fracture in a cohort of patients with SSc (n=71) was increased compared 
to the investigated healthy controls and RA control group, highlighting an increased risk of 
OP and fracture in SSc [73]. They have identified age and vitamin D deficiency as 
independent risk factors of fracture. The prevalence of OP in their SSc population was 30%. 
This result was in accordance with a recent review analyzing data of 19 relevant papers, 
where the prevalence of low bone mineral density and osteoporosis was 27%-53.3% and 3%-
51.1%, respectively [74]. The prevalence of OP in women with SSc was similar to a large 
group of age-matched women with rheumatoid arthritis [73]. No difference in OP has been 
reported between patients with the limited cutaneous or diffuse cutaneous subset [70, 72, 73]. 
Corticosteroid therapy did not influence the outcome of the diagnosis of OP [73]. The similar 
frequency of fracture in SSc and RA population found in this particularstudy underlines the 
high risk of fracture in SSc and supports the need for systematic screening for this 
complication. Omair et al also demonstrated in their recent review, that patients with SSc are 
at risk of low BMD and fracture, especially when other risk factors for OP are present. As 
studies examining the risk factors for low BMD were conflicting, they suggested the need for 
further research for clarifying the true risk factors in SSc [74].  
 
Prevalence of articular involvement 
Articular involvement is very common in SSc. However, only the average frequency can be 
estimated, partly because of the difficulties of physical examinations, partly because of the 
lack of consensus on assessment techniques. In the EUSTAR database frequencies of 
synovitis, tendon friction rubs, and joint contractures were 16%, 11%, and 31%, respectively 
[30]. 
The prevalence of arthralgia in consecutive SSc patients differs greatly, from 23 to 81%, 
among the studies of different institutes. However, it is mainly reported in about 70% of the 
patients [24, 57-61, 75-81]. 
The frequency of synovitis in SSc by clinical assessment is around 15-20% [30, 58-61, 75-
77]. In consecutive SSc patients the mean number of tender joints is around 3; the mean 
number of swollen joints is between 0 and 2 according to most studies on this issue, except 
for the study of Blocka et al, were this number was much higher [53, 59, 82-85]. According to 
a recent metaanalysis of 7 studies the prevalence of radiologically detectable arthritis is 26% 
in SSc [86]. 
There is no consensus on what degree of range of motion decrease should be called a joint 
contracture. Therefore, the prevalence of contractures assessed by physical examination in 
different studies varies between 24 and 56 % [23, 87].  
 



Clinical symptoms 
Synovitis can be present in patients with SSc in all disease stages, but it is most frequent in 
the early stage of the disease. The frequency of synovitis is higher in patients with the diffuse 
cutaneous subset compared to the limited cutaneous subtype, but only in early disease [30, 85, 
88]. Arthritis-related pain is closely associated with SSc patients’ health related quality of life 
[89]. According to Baron et al arthritis can be detected most often in the metacarpophalangeal 
joints (MCP), wrists, knees, distal interphalangeal joints (DIP), and proximal interphalangeal 
joints (PIP), in decreasing order [58].  
Arthralgia and hand stiffness were among the four highest rated symptoms in terms of 
frequency and impact on daily activities in the Canadian National Survey. [57]. Arthralgia 
was found to be significantly more common in patients with dSSc, than with lSSc [77]. 
Moreover, Skare et al reported that pain and stiffness were the symptoms that most affected 
functionality [81]. 
Contractures are one of the main sources of disability in SSc. They are frequent in both 
subtypes; however, the prevalence of joint contracture is higher in dSSc, than in lSSc. 
Moreover, diffuse cutaneous subset is an independent predictor of the progression of flexion 
contractures. Though the development of contractures is relatively slow and gradual, it can be 
present in the early stages of the disease, too [53, 76, 77, 88, 90]. 
 
Rheumatoid arthritis-scleroderma overlap 
The patients who fulfill the classification criteria of both the SSc and RA are considered as 
SSc-RA overlap patients. Since SSc by itself can cause significant articular damage, the 
determination of SSc-RA overlap is difficult. Similar changes, resembling those seen in RA, 
are noted in the hand joints of SSc patients [58, 63]. Thus exact prevalence of true SSc-RA 
overlap is hard to determine, it was found in 4,6%-5.2% of SSc patients [91, 92]. In the study 
of Misra et al., 21% of the SSc patients with articular symptoms also had RA-overlap [93].  
Szűcs et al reported that SSc-RA overlap patients carried the SSc-associated HLA-DR3 and 
HLA-DR11 alleles, as well as the RA-related HLA-DR1 and HLA-DR4 alleles in the genetic 
study of 22 SSc-RA overlap patients [91]. 
Many studies have confirmed that there is no significant difference between patients with and 
without erosive arthropathy on radiography in terms of rheumatoid factor (RF) [58, 62, 88, 
90]. Furthermore, synovitis detected by US does not correlate with the presence of the RF 
[94]. In contrast, in the study of Jinnin et al., elevated RF was seen in SSc-RA overlap 
patients significantly more frequently, than in those without RA [92].  
Anti-CCP antibodies can be detected also in patients with SSc, but they are generally less 
commonly present than in adults with rheumatoid arthritis (RA) [95]. In a few studies 
significant association has been detected between anti-CCP positivity and the presence of 
arthritis and marginal erosions. Thus, it has been suggested that high titers of anti-CCP 
antibodies may help to define the diagnosis of SSc-RA overlap syndrome [75, 96-98]. In 
contrast, Avuac et al., found no significant difference between patients with and without 
arthritis or erosions in terms of presence of anti-CCP2 antibodies [88]. Generini et al did not 
find significant association between anti-CCP positivity and articular involvement either, 
though it must be noted, that they had a small number of anti-CCP positive patients (n=3) 



[99]. Ueda-Hayakawa et al sugested the combined use of anti-CCP, RF and anti-agalactosyl 
IgG antibodies, because 91% of their SSc–RA overlap patients were positive for two or more 
of these RA-related antibodies [100].  
In conclusion, RF and anti-CCP antibodies might be more common in SSc-RA overlap 
patients than in SSc patients without RA; however, the presence of RF of anti-CCP by itself 
does not give sufficient help in the establishment of RA diagnosis in SSc patients, though 
their combined presence with anti-agalactosyl IgG antibodies might give further help. 
 
Evaluation and examination 
The assessment of arthritis is very difficult in SSc due to certain characteristics of the disease: 
skin oedema, thickening and tethering, digital ulcers, subcutaneous calcinosis and 
contractures [84]. It has also been pointed out that physical examination is not sensitive 
enough to assess arthritis in SSc [84, 101, 102]. So far, there is no fully validated and 
universally accepted assessment technique for assessing arthritis in SSc by physical 
examination. The 8 joint count has been used in a few studies [24, 53, 82, 83, 85, 103]. This 
assesses swelling and tenderness of the MCPs (as a whole on each hand) the wrists, elbows, 
and knees as absent or present. The 28 joint swelling and tenderness count – as part of the 
DAS28 disease activity index – is a worldwide accepted tool for assessing arthritis in 
rheumatoid arthritis (RA) [104, 105]. This particular instrument has also been used in SSc in 
two studies [56, 103], although its validity has not been proved in scleroderma. Its adaptation 
to SSc may be considered, because the joint involvement pattern of SSc may differ from that 
of RA. Unlike RA, the DIP joints are often involved in SSc, as erosions and joint space 
narrowing are frequently seen on hand X-ray. However, the presence of concomitant 
osteoarthritis cannot be excluded, either [58, 88, 90]. Besides DAS28, the adaptation of other 
articular indexes − used in RA − may be considered for joint assessment in SSc, eg. the 
Simplified Disease Activity Index (SDAI) and Clinical Disease Activity Index (CDAI). 
The association of acute phase reactant elevation - indicating systemic inflammation - and the 
arthritis detected by physical evaluation, radiography, MRI, US and Doppler US have be 
reported by a number of studies [30, 40, 84, 88, 90, 94]. Moreover, in the study of the 
EUSTAR cohort of more than 6000 patients, clinical synovitis had the highest strength of 
association with elevated acute-phase reactants taken as the dependent variable. This was true 
in both the lSSc and dSSc subsets, and in all disease stages [30]. The radiographic signs of 
joint inflammation are also associated with an increased CRP [90]. However, it must be noted, 
that CRP elevation is a marker of current inflammation, while marginal erosions, 
juxtaarticular osteoporosis and joint space narrowing are signs of long term inflammation that 
is not necessarily present at the moment [62]. 
Articular involvement was assessed also by imaging in a number of studies. Radiographic 
studies are the most common, but there are also a few studies about ultrasound imaging, 
magnetic resonance imaging, thermography and bone scan [58-63, 75, 86, 88, 90, 93, 94, 101, 
102, 106-111]. The most frequent articular findings by imaging were joint space narrowing 
(JSN), erosions, and contractures.  
In the study of Blocka et al all radiographic findings showed progression, although isolated 
reversibility was also noted [59]. In the longitudinal study of Avouac et al radiographic 



progression of erosive arthritis was seen in 24%, of acroosteolysis in 22% and of flexion 
contracture in 18% of the patients over a median of 5-year follow-up period [107].  
Though joint space narrowing can be a sign of previous synovitis, it can also be the 
consequence of osteoarthritis. JSN in SSc is most frequently seen in the DIPs, but it is also 
common in the other joints of the hand. It is not clear, whether the high frequency of JSN in 
the DIPs in SSc patients is part of the articular manifestations of scleroderma or if it is caused 
by concomitant osteoarthritis of the hands [58, 90]. In the US study of Cuomo et al., SSc 
patients displayed significantly lower prevalence of JSN than patients with RA [94]. In terms 
of SSc cutaneous subsets, Erre et al. found no significant differences in the prevalence of JSN 
[90]. 
Erosions in SSc are often similar to those seen in rheumatoid arthritis, however they are less 
frequent [63, 94]. However, in SSc well-circumscribed foci of osseous resorption or erosions 
on the dorsal aspects of metacarpal or proximal phalangeal heads can be also found. [59] 
Erosions are most frequently detected in PIP and MCP joints; however erosions can be 
present in the DIPs, too [58, 84, 88, 90]. Avouac et al reported that 72 % of the patients with 
erosions had erosive changes in the DIP joints. Of note is, that most of their patients were 
post-menopausal women, thus the possibility of an arthropathy, unrelated to SSc could not be 
ruled out. [88]. In contrast to this, Block et al found no erosions in the distal interphalangeal 
joints in their study [59]. 
Cuomo et al reported that the prevalence of joint effusions did not differ between SSc and RA 
patients, but SSc patients displayed a significantly lower prevalence of synovial proliferation 
and power Doppler signal. They found joint effusions and synovial proliferation in 22%; 
while synovial proliferation altogether in 42% of 45 consecutive SSc patients [94]. Elhai et al 
detected inflammatory synovitis by US in more than half of the 52 consecutive SSc patients. 
Synovitis by US was found in the wrists and hand joints of SSc patients without a statistically 
significant difference when compared to the RA patients. They have also reported that SSc 
patients with disease duration of 3 years or less had significantly more clinical synovitis than 
those whose disease duration was more than 3 years; however, the prevalence of US synovitis 
was not significantly different between the early and the late disease stage groups [84]. 
Flexion contractures emerge as the most frequent articular abnormality on radiographs in SSc, 
they are present in nearly 90% of all patients [59]. The prevalence of finger flexion 
contractures is significantly higher in patients with dSSc compared with lSSc [61, 88]. 
Calcium deposits most often occur in the subcutaneous soft tissues; however, they may also 
develop in the tendons, peritendinous or periarticular areas [108]. In the study of Cuomo et al 
osteophytosis was detected in 58 %, and periarticular calcinosis in 27% of SSc patients by 
US. They found no difference in the prevalence of osteophytes in SSc and RA patients [94]. 
Erre et al – in agreement with Avouac et al – reported association between calcinosis and 
erosions; nevertheless, they were not able to demonstrate a complete topographic overlapping 
of these lesions. Thus, the pathogenic role of calcinotic deposits on the occurrence of erosive 
arthritis is not completely sustained by these results [88, 90]. 
Similarly to erosions and joint space narrowing, juxtaarticular osteoporosis and osteopenia are 
periarticular signs of long term joint inflammation. The prevalence of juxtaarticular 
osteoporosis detected by radioghraphy is between 4 and 42% [58, 59, 61, 75, 90, 112]. No 
significant difference was detected in the frequency of juxtaarticular osteoporosis between 



lSSc and dSSc [90]. Though clinical sign of arthritis is more common in dSSc, than in lSSc, 
the similar prevalence of juxtaarticular osteoporosis in the two subsets indicate that 
subclinical inflammation of the joints is as frequent in lSSc, as in dSSc. 
The resorption of the distal phalanges, also called as acroosteolysis, is quite common is SSc, 
with a frequency of 9-63%. Although it is mostly progressive, there is evidence of 
improvement in a few cases [63]. It is not clear whether its frequency differs among the 
limited and diffuse cutaneous forms of the disease or not [75, 77, 90, 110]. It is usually 
studied by radiography; however, Freire et al recently reported that sensitivity of US was 
similar to radiography in acroosteolysis detection. In their study, the majority of patients with 
tuft resorption also exhibited power Doppler US signal adjacent to the acroosteolysis bed, in 
some cases even when distal vascularization was not detected. They suggested this might be 
secondary to granulation tissue to induce bone formation in an attempt to repair the osteolysis. 
[108].  
While resorption of distal phalanges is the most common, osteolysis in other sites including 
feet, ribs, and mandibles may also occur. In the study of Bassett et al 7 of 55 patients 
exhibited partial destruction of ribs 2-6, and 6 of the 35 patients presented with osseous 
resorption around the mandibular angles [63]. Resorption of the distal ulna was reported in 
2% of the patients in four studies, while previously it was found in 8% of the patients in the 
study of Baron et al. [58, 60, 84, 88]. 
 
Prognosis 
The presence of arthritis was also found to be associated with markers of severe vascular 
(elevated SPAP > 40 mm Hg) and muscular (muscle weakness) involvement and with 
increased HAQ disability score [30, 88]. In contrast, US detected synovitis did not correlate 
with HAQ-DI [94]. This disagreement can be explained by the fact, that US might detect not 
only painful and disabling synovitis, but also subclinical synovial effusions as well.  
The resorption of distal phalanges is significantly associated with digital ulcers and 
extraarticular calcification, interstitial lung disease, reduced forced vital capacity (FVC), 
oesophagus involvement, and more severe disease [88, 90, 109]. 
SSc patients with joint contractures are more likely to experience severe vascular and 
muscular disease, as well as to have elevated acute-phase reactants [30].  Flexion contractures 
detected by radiography are reported to be associated with interstitial lung disease, reduced 
FVC, oesophagus involvement and high HAQ disability score [88, 90]. 
According to a study of Avouac et al., the presence of digital ulcers independently predict 
progression of acroosteolysis [107]. In multiple logistic regression analysis calcinosis, and 
PAH were associated with acroosteolysis as dependent variable [88]. 
 
Treatment 
There have been very few studies assessing the therapy of synovitis in SSc. In analogy to 
rheumatoid arthritis, SSc patients with arthritis are usually treated with DMARDs and 
corticosteroids. Only limited information is available concerning the efficacy of methotrexate, 
azathioprine, and mycophenolate mofetil. Su et al have found that methotrexate did not 
decrease significantly the mean of tender joint count and number of areas affected by tendon 



friction rubs over the 48-week study. They have observed similar results with rapamycin, an 
IL-2 inhibitor [85]. 
According to the EULAR recommendations consistent with expert opinion, low dose of 
steroids is commonly used for the treatment of inflammatory arthritis in patients with SSc, 
however its efficacy has not been proved in any randomized controlled trial [113]. 
Corticosteroids should only be given in low dose (≤10mg) and with great precaution due to 
the risk of inducing renal crisis [114]. 
A pilot study conducted by Nacci et al. suggested that intravenous immunoglobulins (IVIG) 
might reduce joint pain and tenderness, with a significant recovery of joint function in patients 
with SSc with severe and refractory joint involvement [103]. However, the high cost of IVIG 
will probably not allow its extensive use among SSc patients with arthritis. D-penicillamine 
has been found to be ineffective in the treatment of SSc arthritis in a two-year, double blind, 
randomized, controlled clinical trial [24]. 
Cyclophosphamide was reported by two randomized, controlled clinical trials to be effective 
in the treatment of SSc related interstitial lung disease [115, 116]. However, there were no 
differences in musculoskeletal measures (joint swelling, joint tenderness, large joint 
contractures, muscle tenderness, muscle weakness, fist closure) between the 
cyclophosphamide and placebo groups at baseline, 12 and 24 months in the Scleroderma 
Lung Study [53]. 
In a pilot study of a small group of patients, tocilizumab and abatacept appeared to be safe 
and effective on joints, in patients with refractory SSc [56]. 
Recombinant relaxin was also tested in the treatment of SSc articular involvement, however it 
turned out to be of no help in reducing functional disability in patients with dSSc, moreover it 
was associated with serious renal adverse events [83]. 
Tumor necrosis factor alpha inhibitors appeared to be efficient in the treatment of SSc joint 
involvement in two small studies [117, 118], but did not show clear benefit in a third study 
[119]. However, according to the consensus of the EUSTAR experts their use should be 
limited to clinical trials due to the potential danger of severe exacerbation of pulmonary 
fibrosis [120]. 
In cases of marked damaged hand function may be significantly improved by surgery in some 
patient. Pain reduction can also be a surgical goal in some cases [121]. 
There are no drugs available so far that have been proven to improve calcinosis [113]. 
 
In summary, skeletal involvement is frequent in SSc. Patients with SSc have an increased 
risk for developing osteoporosis, thus patients should be regularly screened. Patients with 
early disease, diffuse subset, joint complaints or elevated acute phase reactants should be 
evaluated for arthritis and contractures. Since joint involvement can be the initial 
manifestation of the disease, SSc should be considered in the differential diagnosis of patients 
with arthritis, especially in those with other SSc-related features eg. puffy fingers, ANA 
positivity, nail fold capillaroscopy changes. Contractures start to develop in the very early 
stage of the disease, thus range of motion should be assessed regularly from the first visit of 
the patients. Patients with joint contractures should be monitored closely for development or 
deterioration of vascular or muscle involvement.  



In case of articular complaints, symptoms or signs, imaging and laboratory examinations (X-
ray, US, acute phase reactants) are also needed. Arthropathy in SSc appears to be progressive 
in most of the cases. We are still lacking evidence based therapeutic and preventive strategies 
for musculoskeletal involvement of SSc. Besides low doses of corticosteroids, methotrexate, 
leflunomide, azathioprine, mycophenolate mofetil are given as off-label drugs in SSc, as we 
are lacking large, controlled studies assessing these drugs in the treatment of SSc related 
arthritis.  
 

Tendon involvement 
Tendon friction rubs and tenosynovitis are the major kind of tendon involvement described in 
SSc. Tendon friction rubs (TFRs) are characterized by a leathery crepitus felt above the 
tendons [122]. This does not necessarily mean the inflammation of the tendon sheath.  

 
Prevalence  
According to the EUSTAR database, the prevalence of TFRs in SSc is about 11%. It can be 
found in both subsets and in all disease stages; however it is more common in patients with 
dSSc, early disease and in the Caucasian race [30, 77, 82, 123]. In the study of Elhai et al. 
tendon friction rubs were only found in those patients, who also had tenosynovitis detected by 
US [84]. 
Only few data are available concerning the frequency of true tenosynovitis in SSc. By clinical 
assessment, tenosynovitis was diagnosed in 16% of 38 consecutive SSc patients and in 12% 
of SSc patients with a history of hand or wrist joint pain and/ or swelling [101, 106]. The 
frequency of tenosynovitis detected by US or MRI is approximately 27% among consecutive 
SSc patients [84, 108]. Stoenoiu et al reported similar frequency in consecutive dSSc patients 
[124]. Tenosynovitis by MRI was found in 47-88% of SSc patients with a history of articular 
involvement [40, 101, 102]. A study among consecutive SSc patients has also been 
conducted, where tenosynovitis was found in 11% of the patients by MRI [106]. 

 
Clinical symptoms 
Some patients are not only aware of the friction rubs, but also complain about accompanying 
pain [123]. Pain along the tendon, that is not restricted to the nearby joints, can also be a sign 
of true tenosynovitis. 

 
Evaluation and examination 
TFRs can be rapidly assessed during routine physical examination by an experienced 
examiner. According to Steen et al, the best way of evaluating the presence of TFR is by 
placing ones digits with palmar aspect across the examined tendon, and asking the patient to 
move the underlying joint through the possible range of motion. In case tendon friction rubs 
are present, a leathery, rubbing, “squeaking” sensation will be noted by the examiner and 
sometimes by the patient, too. Rubs may be present in numerous areas, however the following 
tendons are most frequently involved: extensor and flexor tendons of the fingers and wrists, 
and tendons over the elbow (triceps), knees (patellar), and ankle (anterior and posterior tibial, 
peroneal, and Achilles). Shoulder, scapular, trochanteric or toe rubs can also be noted, but less 



commonly. Most often TFR are easily reproducible, however they might be intermittent or 
disappear with repeated movements. Usually patients have rubs in more than one body region, 
thus the presence of TFR can be unequivocally determined. [123] 
When pain and tenderness on palpation of a certain tendon raises the suspicion of 
tenosynovitis, the diagnosis can be confirmed by US examination. Elhai et al detected a 
power Doppler signal corresponding to an inflammatory activity in 54% of tendons with 
tenosynovitis, and hyperechoic tendon sheath thickening, a pattern considered as sclerosing in 
43% of the tendons with US tenosynovitis. This pattern appeared to be specific to SSc 
patients as compared to RA [84]. 
 

Prognosis 
Steen et al have pointed out the predictive value of TFRs in establishing the diagnosis of dSSc 
in an early stage [123]. This was confirmed in the study of Ostojic et al [77]. Khanna et al has 
assessed the significance of TFRs in early dSSc in a randomized controlled trial and found 
that the presence of TFRs was associated with a higher HAQ-DI. They have also observed 
that changes in TFR predicted changes in MRSS and HAQ-DI, thus the appearance of TFRs 
was associated with active disease [82]. Moreover, patients with TFRs have a more than 2-
fold risk of developing renal crisis and cardiac and gastrointestinal disease complications 
compared to patients without this finding. Patients with TFRs also have reduced survival rates 
[125]. In the EUSTAR cohort significant associations have been found between the presence 
of TFRs and digital ulcers, muscle weakness, pulmonary fibrosis on plain chest X-ray, and 
proteinuria. The presence of TFRs may indicate the existence of a severe vascular, interstitial 
lung, and renal involvement, regardless of the disease stage [30]. 
Elhai et al. evaluated the correlations of tenosynovitis detected by US. They found that US 
tenosynovitis was associated with joint space narrowing in the wrist, radiologic 
demineralization, higher modified Rodnan skin score, presence of anti-Scl-70 antibodies, 
more active and severe disease. US tenosynovitis was more likely to occur in patients with 
tendon friction rubs, in those with a higher finger to palm distance, and in those with higher 
number of painful and swollen joints. Moreover, the presence of anti-Scl-70 antibodies and 
radiologic demineralization were independently associated with tenosynovitis in multivariate 
analysis [84]. 
 
In summary, it is very important to search for TFRs, particularly in the first years of SSc, 
however appropriate assessment requires some experience. Tendon friction rubs can be 
regarded as a marker of severity of SSc and patients presenting with TFRs should be carefully 
monitored for serious internal organ involvement. Tenosynovitis characterized by true 
inflammation of the tendon, pain and sometimes swelling can also be present in SSc. In case 
suspicion is raised by clinical evaluation, further examination by US might be needed. 
 

Disability and quality of life 
Johnson et al found that joint involvement in SSc is more disabling than joint involvement in 
psoriatic arthritis; and patients with SSc experience more severe pain than patients with RA. 
Physical health relating to quality of life is adversely affected in patients with SSc and 



disability is associated with the joint involvement [126]. Skin and musculoskeletal 
involvement in SSc is usually most prominent on the hands, thus hand function can be 
dramatically reduced. In the Canadian National Survey among more than 400 SSc patients, 
complaints related to decreased hand function were frequently endorsed (67% of the patients), 
and were commonly associated with remarkable impact on daily activities [57]. In the diffuse 
subset of SSc patients the development of functional impairment is quite rapid: significant 
functional impairment is present in about half of the patients within the first 18 months after 
onset of the disease [87]. 
Health related quality of life (HRQOL) perceived by SSc patients is significantly impaired 
compared with healthy individuals. Moreover, Hyphantis et al. found that SSc patients have 
impaired HRQOL in comparison with RA, SLE, and Sjögren patients, when age, pain, 
psychopathology, and coping strategies were taken into account [89]. 
Many different tests and questionnaires have been developed in order to measure hand 
function, quality of life and global disability in rheumatic patients. Some of these have been 
primarily developed for SSc, others have been adapted to SSc or validated for SSc without 
any changes from another disease. Clements et al. recently evaluated the validity of various 
potential outcome variables for the assessment of articular involvement according to the 
Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) filter [127]. Thus, 
we will only briefly introduce the Health Assessment Questionnaire; which is undoubtedly the 
most important instrument in measuring disability in SSc. It is a patient questionnaire that has 
been fully validated in SSc and translated into many languages [128, 129]. In the high-dose 
versus low-dose D-penicillamine study it has also been shown, that HAQ is a predictor and 
correlate of outcome in SSc [87]. Rannou et al. showed that hand disability was the far most 
important determinative of disability measured by HAQ in SSc [79]. 
 

Disease activity  
The European Scleroderma Study Group (EScSG) developed preliminary disease activity 
indices to be used in SSc patients [130, 131]. However, these criteria await further validation, 
as further work is requested to prove their responsiveness. In this particular index, 
musculoskeletal involvement is represented by the presence of bilateral arthritis.  
Based on clinical observations, additional clinical parameters that could indicate the 
activation of musculoskeletal system might be the worsening in the musculoskeletal 
symptoms, active myositis, symptoms corresponding to carpal tunnel syndrome and the 
presence of tendon friction rubs [30, 82, 125]. Definition criteria and consensus assessment 
methods of these types of involvements are still lacking, therefore it is difficult to define their 
precise role in the assessment of disease activity. 
Attempts were made to improve the EScSG activity index [132]. Regarding the 
musculoskeletal component of the disease, the value of HAQ-DI, and the change in HAQ-DI 
was incorporated into the so-called 12-point activity index. The number of contractures was 
also found to be correlated to both the EScSG activity index and the 12-point activity index. 
CRP has shown the same association with these two indices [132]. Of note is that in the study 
of the EULAR cohort of more than 6000 patients, clinical synovitis had the highest strength 
of association with elevated acute-phase reactants taken as the dependent variable. This was 



true in both lSSc and dSSc subsets [30]. The radiographic signs of inflammation (occurrence 
of marginal erosions with the exception of DIP joint erosion and/or juxtaarticular osteoporosis 
in association to space narrowing of proximal interphalangeal joints) were also associated 
with an increased CRP in another study [90]. CRP also correlated with the HAQ-DI [133]. 
Therefore, the elevation of CRP might reflect an underlying musculoskeletal activity in SSc. 
 

Musculoskeletal rehabilitation 
There have been a few small studies investigating different musculoskeletal rehabilitation 
techniques in SSc. The main techniques that have been proved to have beneficial effect on 
hands are hand range of motion exercises, paraffin wax bath, connective tissue massage, 
manual lymph drainage and patient education [134-140]. Splinting was also studied, however 
did not turn out to be useful [141]. Recently studies are not only focused on the rehabilitation 
of the hands, but also on orofacial rehabilitation and overall rehabilitation programs – 
consisting of specific and global techniques[134-140]. 
Mouth opening, functional ability, hand function and mobility can be improved by overall 
rehabilitation. The advantages of overall rehabilitation in SSc have been studied in two recent 
studies with similar results. However, with a few exceptions – e.g. hand mobility, grip 
strength – these results tend to disappear over a relatively short period of time, within a few 
months after the end of the rehabilitation programs. Thus these programs should be either 
continuous or regularly repeated in order to sustain their benefits [142, 143]. 
 
The overall summary is that musculoskeletal involvement:  

- is very frequent in SSc,  
- is often among the initial manifestations of the disease,  
- causes significant disability hence decreases quality of life, 
- if present, may predict more severe internal organ involvement. 



 
References: 
[1] Clements PJ, Furst DE, Campion DS, Bohan A, Harris R, Levy J, et al., Muscle 

disease in progressive systemic sclerosis: diagnostic and therapeutic considerations. 
Arthritis Rheum 1978;21:62-71. 

[2] Hausmanowa-Petrusewicz I, Jablonska S, Blaszczyk M, and Matz B, 
Electromyographic findings in various forms of progressive systemic sclerosis. 
Arthritis Rheum 1982;25:61-5. 

[3] Ranque B, Berezne A, Le-Guern V, Pagnoux C, Allanore Y, Launay D, et al., 
Myopathies related to systemic sclerosis: a case-control study of associated clinical 
and immunological features. Scand J Rheumatol 2010;39:498-505. 

[4] Follansbee WP, Zerbe TR, and Medsger TA, Jr., Cardiac and skeletal muscle disease 
in systemic sclerosis (scleroderma): a high risk association. Am Heart J 1993;125:194-
203. 

[5] Medsger TA, Jr., Rodnan GP, Moossy J, and Vester JW, Skeletal muscle involvement 
in progressive systemic sclerosis (scleroderma). Arthritis Rheum 1968;11:554-68. 

[6] Thompson JM, Bluestone R, Bywaters EG, Dorling J, and Johnson M, Skeletal muscle 
involvement in systemic sclerosis. Ann Rheum Dis 1969;28:281-8. 

[7] Mimori T, Scleroderma-polymyositis overlap syndrome. Clinical and serologic 
aspects. Int J Dermatol 1987;26:419-25. 

[8] Tuffanelli DL and Winkelmann RK, Systemic scleroderma, A clinical study of 727 
cases. Arch Dermatol 1961;84:359-71. 

[9] Walker UA, Tyndall A, Czirjak L, Denton C, Farge-Bancel D, Kowal-Bielecka O, et 
al., Clinical risk assessment of organ manifestations in systemic sclerosis: a report 
from the EULAR Scleroderma Trials And Research group database. Ann Rheum Dis 
2007;66:754-63. 

[10] West SG, Killian PJ, and Lawless OJ, Association of myositis and myocarditis in 
progressive systemic sclerosis. Arthritis Rheum 1981;24:662-8. 

[11] Muangchan C, Baron M, and Pope J, The 15% rule in scleroderma: the frequency of 
severe organ complications in systemic sclerosis. A systematic review. J Rheumatol 
2013;40:1545-56. 

[12] Arnett FC, Reveille JD, Goldstein R, Pollard KM, Leaird K, Smith EA, et al., 
Autoantibodies to fibrillarin in systemic sclerosis (scleroderma). An immunogenetic, 
serologic, and clinical analysis. Arthritis Rheum 1996;39:1151-60. 

[13] Mimura Y, Ihn H, Jinnin M, Asano Y, Yamane K, and Tamaki K, Clinical and 
laboratory features of scleroderma patients developing skeletal myopathy. Clin 
Rheumatol 2005;24:99-102. 

[14] Tager RE and Tikly M, Clinical and laboratory manifestations of systemic sclerosis 
(scleroderma) in Black South Africans. Rheumatology (Oxford) 1999;38:397-400. 

[15] Czirjak L, Kumanovics G, Varju C, Nagy Z, Pakozdi A, Szekanecz Z, et al., Survival 
and causes of death in 366 Hungarian patients with systemic sclerosis. Ann Rheum 
Dis 2008;67:59-63. 

[16] Ringel RA, Brick JE, Brick JF, Gutmann L, and Riggs JE, Muscle involvement in the 
scleroderma syndromes. Arch Intern Med 1990;150:2550-2. 

[17] Troyanov Y, Targoff IN, Tremblay JL, Goulet JR, Raymond Y, and Senecal JL, Novel 
classification of idiopathic inflammatory myopathies based on overlap syndrome 
features and autoantibodies: analysis of 100 French Canadian patients. Medicine 
(Baltimore) 2005;84:231-49. 



[18] Laing TJ, Gillespie BW, Toth MB, Mayes MD, Gallavan RH, Jr., Burns CJ, et al., 
Racial differences in scleroderma among women in Michigan. Arthritis Rheum 
1997;40:734-42. 

[19] Steen V, Domsic RT, Lucas M, Fertig N, and Medsger TA, Jr., A clinical and 
serologic comparison of African American and Caucasian patients with systemic 
sclerosis. Arthritis Rheum 2012;64:2986-94. 

[20] Reveille JD, Fischbach M, McNearney T, Friedman AW, Aguilar MB, Lisse J, et al., 
Systemic sclerosis in 3 US ethnic groups: a comparison of clinical, sociodemographic, 
serologic, and immunogenetic determinants. Semin Arthritis Rheum 2001;30:332-46. 

[21] Ranque B, Authier FJ, Le-Guern V, Pagnoux C, Berezne A, Allanore Y, et al., A 
descriptive and prognostic study of systemic sclerosis-associated myopathies. Ann 
Rheum Dis 2009;68:1474-7. 

[22] Meier FM, Frommer KW, Dinser R, Walker UA, Czirjak L, Denton CP, et al., Update 
on the profile of the EUSTAR cohort: an analysis of the EULAR Scleroderma Trials 
and Research group database. Ann Rheum Dis 2012;71:1355-60. 

[23] Clements PJ, Furst DE, Wong WK, Mayes M, White B, Wigley F, et al., High-dose 
versus low-dose D-penicillamine in early diffuse systemic sclerosis: analysis of a two-
year, double-blind, randomized, controlled clinical trial. Arthritis Rheum 
1999;42:1194-203. 

[24] Clements PJ, Wong WK, Hurwitz EL, Furst DE, Mayes M, White B, et al., Correlates 
of the disability index of the health assessment questionnaire: a measure of functional 
impairment in systemic sclerosis. Arthritis Rheum 1999;42:2372-80. 

[25] Brick JE and Brick JF, Neurologic manifestations of rheumatologic disease. Neurol 
Clin 1989;7:629-39. 

[26] Garcin B, Lenglet T, Dubourg O, Mesnage V, and Levy R, Dropped head syndrome as 
a presenting sign of scleromyositis. J Neurol Sci 2010;292:101-3. 

[27] Rojana-Udomsart A, Fabian V, Hollingsworth PN, Walters SE, Zilko PJ, and 
Mastaglia FL, Paraspinal and scapular myopathy associated with scleroderma. J Clin 
Neuromuscul Dis 2010;11:213-22. 

[28] Rosato E, Rossi C, and Salsano F, Dropped head syndrome and Systemic sclerosis. 
Joint Bone Spine 2009;76:301-3. 

[29] Marie I, Lahaxe L, Benveniste O, Delavigne K, Adoue D, Mouthon L, et al., Long-
term outcome of patients with polymyositis/ dermatomyositis and anti-PM-Scl 
antibody. Br J Dermatol 2010;162:337-44. 

[30] Avouac J, Walker U, Tyndall A, Kahan A, Matucci-Cerinic M, Allanore Y, et al., 
Characteristics of joint involvement and relationships with systemic inflammation in 
systemic sclerosis: results from the EULAR Scleroderma Trial and Research Group 
(EUSTAR) database. J Rheumatol 2010;37:1488-501. 

[31] Allanore Y, Meune C, Vonk MC, Airo P, Hachulla E, Caramaschi P, et al., Prevalence 
and factors associated with left ventricular dysfunction in the EULAR Scleroderma 
Trial and Research group (EUSTAR) database of patients with systemic sclerosis. Ann 
Rheum Dis 2010;69:218-21. 

[32] Maurer B, EULAR Textbook on Systemic Sclerosis, ed. Hachulla E and Czirják L. 
London: BMJ Publishing Group; 2013. p. 265-273 

[33] Mahler M and Raijmakers R, Novel aspects of autoantibodies to the PM/Scl complex: 
clinical, genetic and diagnostic insights. Autoimmun Rev 2007;6:432-7. 

[34] Steen VD, Autoantibodies in systemic sclerosis. Semin Arthritis Rheum 2005;35:35-
42. 

[35] Rozman B, Cucnik S, Sodin-Semrl S, Czirjak L, Varju C, Distler O, et al., Prevalence 
and clinical associations of anti-Ku antibodies in patients with systemic sclerosis: a 



European EUSTAR-initiated multi-centre case-control study. Ann Rheum Dis 
2008;67:1282-6. 

[36] Aggarwal R, Lucas M, Fertig N, Oddis CV, and Medsger TA, Jr., Anti-U3 RNP 
autoantibodies in systemic sclerosis. Arthritis Rheum 2009;60:1112-8. 

[37] Okano Y, Steen VD, and Medsger TA, Jr., Autoantibody to U3 nucleolar 
ribonucleoprotein (fibrillarin) in patients with systemic sclerosis. Arthritis Rheum 
1992;35:95-100. 

[38] Tormey VJ, Bunn CC, Denton CP, and Black CM, Anti-fibrillarin antibodies in 
systemic sclerosis. Rheumatology (Oxford) 2001;40:1157-62. 

[39] Kao AH, Lacomis D, Lucas M, Fertig N, and Oddis CV, Anti-signal recognition 
particle autoantibody in patients with and patients without idiopathic inflammatory 
myopathy. Arthritis Rheum 2004;50:209-15. 

[40] Schanz S, Henes J, Ulmer A, Kotter I, Fierlbeck G, Claussen CD, et al., Magnetic 
resonance imaging findings in patients with systemic scleroderma and musculoskeletal 
symptoms. Eur Radiol 2013;23:212-21. 

[41] Partovi S, Schulte AC, Aschwanden M, Staub D, Benz D, Imfeld S, et al., Impaired 
skeletal muscle microcirculation in systemic sclerosis. Arthritis Res Ther 
2012;14:R209. 

[42] Partovi S, Aschwanden M, Jacobi B, Schulte AC, Walker UA, Staub D, et al., 
Correlation of muscle BOLD MRI with transcutaneous oxygen pressure for assessing 
microcirculation in patients with systemic sclerosis. J Magn Reson Imaging 
2013;38:845-51. 

[43] Averbuch-Heller L, Steiner I, and Abramsky O, Neurologic manifestations of 
progressive systemic sclerosis. Arch Neurol 1992;49:1292-5. 

[44] Hietaharju A, Jaaskelainen S, Kalimo H, and Hietarinta M, Peripheral neuromuscular 
manifestations in systemic sclerosis (scleroderma). Muscle Nerve 1993;16:1204-12. 

[45] Arahata K and Engel AG, Monoclonal antibody analysis of mononuclear cells in 
myopathies. I: Quantitation of subsets according to diagnosis and sites of 
accumulation and demonstration and counts of muscle fibers invaded by T cells. Ann 
Neurol 1984;16:193-208. 

[46] Bohan A, Peter JB, Bowman RL, and Pearson CM, Computer-assisted analysis of 153 
patients with polymyositis and dermatomyositis. Medicine (Baltimore) 1977;56:255-
86. 

[47] D'Angelo WA, Fries JF, Masi AT, and Shulman LE, Pathologic observations in 
systemic sclerosis (scleroderma). A study of fifty-eight autopsy cases and fifty-eight 
matched controls. Am J Med 1969;46:428-40. 

[48] Ranque B, Authier FJ, Berezne A, Guillevin L, and Mouthon L, Systemic sclerosis-
associated myopathy. Ann N Y Acad Sci 2007;1108:268-82. 

[49] Assassi S, Del Junco D, Sutter K, McNearney TA, Reveille JD, Karnavas A, et al., 
Clinical and genetic factors predictive of mortality in early systemic sclerosis. 
Arthritis Rheum 2009;61:1403-11. 

[50] Tyndall AJ, Bannert B, Vonk M, Airo P, Cozzi F, Carreira PE, et al., Causes and risk 
factors for death in systemic sclerosis: a study from the EULAR Scleroderma Trials 
and Research (EUSTAR) database. Ann Rheum Dis 2010;69:1809-15. 

[51] Gelber AC, Manno RL, Shah AA, Woods A, Le EN, Boin F, et al., Race and 
association with disease manifestations and mortality in scleroderma: a 20-year 
experience at the Johns Hopkins Scleroderma Center and review of the literature. 
Medicine (Baltimore) 2013;92:191-205. 

[52] Bosello S, De Santis M, Lama G, Spano C, Angelucci C, Tolusso B, et al., B cell 
depletion in diffuse progressive systemic sclerosis: safety, skin score modification and 



IL-6 modulation in an up to thirty-six months follow-up open-label trial. Arthritis Res 
Ther 2010;12:R54. 

[53] Au K, Mayes MD, Maranian P, Clements PJ, Khanna D, Steen VD, et al., Course of 
dermal ulcers and musculoskeletal involvement in systemic sclerosis patients in the 
scleroderma lung study. Arthritis Care Res (Hoboken) 2010;62:1772-8. 

[54] Mouthon L, Berezne A, Bussone G, Noel LH, Villiger PM, and Guillevin L, 
Scleroderma renal crisis: a rare but severe complication of systemic sclerosis. Clin 
Rev Allergy Immunol 2011;40:84-91. 

[55] Iudici M, van der Goes MC, Valentini G, and Bijlsma JW, Glucocorticoids in systemic 
sclerosis: weighing the benefits and risks - a systematic review. Clin Exp Rheumatol 
2013;31:157-65. 

[56] Elhai M, Meunier M, Matucci-Cerinic M, Maurer B, Riemekasten G, Leturcq T, et al., 
Outcomes of patients with systemic sclerosis-associated polyarthritis and myopathy 
treated with tocilizumab or abatacept: a EUSTAR observational study. Ann Rheum 
Dis 2013;72:1217-20. 

[57] Bassel M, Hudson M, Taillefer SS, Schieir O, Baron M, and Thombs BD, Frequency 
and impact of symptoms experienced by patients with systemic sclerosis: results from 
a Canadian National Survey. Rheumatology (Oxford) 2011;50:762-7. 

[58] Baron M, Lee P, and Keystone EC, The articular manifestations of progressive 
systemic sclerosis (scleroderma). Ann Rheum Dis 1982;41:147-52. 

[59] Blocka KL, Bassett LW, Furst DE, Clements PJ, and Paulus HE, The arthropathy of 
advanced progressive systemic sclerosis. A radiographic survey. Arthritis Rheum 
1981;24:874-84. 

[60] La Montagna G, Baruffo A, Tirri R, Buono G, and Valentini G, Foot involvement in 
systemic sclerosis: a longitudinal study of 100 patients. Semin Arthritis Rheum 
2002;31:248-55. 

[61] La Montagna G, Sodano A, Capurro V, Malesci D, and Valentini G, The arthropathy 
of systemic sclerosis: a 12 month prospective clinical and imaging study. Skeletal 
Radiol 2005;34:35-41. 

[62] Allali F, Tahiri L, Senjari A, Abouqal R, and Hajjaj-Hassouni N, Erosive arthropathy 
in systemic sclerosis. BMC Public Health 2007;7:260. 

[63] Bassett LW, Blocka KL, Furst DE, Clements PJ, and Gold RH, Skeletal findings in 
progressive systemic sclerosis (scleroderma). AJR Am J Roentgenol 1981;136:1121-6. 

[64] Ferreira EL, Christmann RB, Borba EF, Borges CT, Siqueira JT, and Bonfa E, 
Mandibular function is severely impaired in systemic sclerosis patients. J Orofac Pain 
2010;24:197-202. 

[65] Aliko A, Ciancaglini R, Alushi A, Tafaj A, and Ruci D, Temporomandibular joint 
involvement in rheumatoid arthritis, systemic lupus erythematosus and systemic 
sclerosis. Int J Oral Maxillofac Surg 2011;40:704-9. 

[66] Yuen SY, Rochwerg B, Ouimet J, and Pope JE, Patients with scleroderma may have 
increased risk of osteoporosis. A comparison to rheumatoid arthritis and 
noninflammatory musculoskeletal conditions. J Rheumatol 2008;35:1073-8. 

[67] La Montagna G, Vatti M, Valentini G, and Tirri G, Osteopenia in systemic sclerosis. 
Evidence of a participating role of earlier menopause. Clin Rheumatol 1991;10:18-22. 

[68] Frediani B, Baldi F, Falsetti P, Acciai C, Filippou G, Spreafico A, et al., Bone mineral 
density in patients with systemic sclerosis. Ann Rheum Dis 2004;63:326-7. 

[69] Souza RB, Borges CT, Takayama L, Aldrighi JM, and Pereira RM, Systemic sclerosis 
and bone loss: the role of the disease and body composition. Scand J Rheumatol 
2006;35:384-7. 



[70] Sampaio-Barros PD, Costa-Paiva L, Filardi S, Sachetto Z, Samara AM, and Marques-
Neto JF, Prognostic factors of low bone mineral density in systemic sclerosis. Clin 
Exp Rheumatol 2005;23:180-4. 

[71] Frediani B, Baldi F, Falsetti P, Acciai C, Filippou G, Spreafico A, et al., Clinical 
determinants of bone mass and bone ultrasonometry in patients with systemic 
sclerosis. Clin Exp Rheumatol 2004;22:313-8. 

[72] Neumann K, Wallace DJ, and Metzger AL, Osteoporosis--less than expected in 
patients with scleroderma? J Rheumatol 2000;27:1822-3. 

[73] Avouac J, Koumakis E, Toth E, Meunier M, Maury E, Kahan A, et al., Increased risk 
of osteoporosis and fracture in women with systemic sclerosis: a comparative study 
with rheumatoid arthritis. Arthritis Care Res (Hoboken) 2012;64:1871-8. 

[74] Omair MA, Pagnoux C, McDonald-Blumer H, and Johnson SR, Low bone density in 
systemic sclerosis. A systematic review. J Rheumatol 2013;40:1881-90. 

[75] Ingegnoli F, Galbiati V, Zeni S, Meani L, Zahalkova L, Lubatti C, et al., Use of 
antibodies recognizing cyclic citrullinated peptide in the differential diagnosis of joint 
involvement in systemic sclerosis. Clin Rheumatol 2007;26:510-4. 

[76] Ostojic P and Damjanov N, Indices of the Scleroderma Assessment Questionnaire 
(SAQ) can be used to demonstrate change in patients with systemic sclerosis over 
time. Joint Bone Spine 2008;75:286-90. 

[77] Ostojic P and Damjanov N, Different clinical features in patients with limited and 
diffuse cutaneous systemic sclerosis. Clin Rheumatol 2006;25:453-7. 

[78] Malcarne VL, Hansdottir I, McKinney A, Upchurch R, Greenbergs HL, Henstorf GH, 
et al., Medical signs and symptoms associated with disability, pain, and psychosocial 
adjustment in systemic sclerosis. J Rheumatol 2007;34:359-67. 

[79] Rannou F, Poiraudeau S, Berezne A, Baubet T, Le-Guern V, Cabane J, et al., 
Assessing disability and quality of life in systemic sclerosis: construct validities of the 
Cochin Hand Function Scale, Health Assessment Questionnaire (HAQ), Systemic 
Sclerosis HAQ, and Medical Outcomes Study 36-Item Short Form Health Survey. 
Arthritis Rheum 2007;57:94-102. 

[80] Mouthon L, Rannou F, Berezne A, Pagnoux C, Guilpain P, Goldwasser F, et al., 
Patient preference disability questionnaire in systemic sclerosis: a cross-sectional 
survey. Arthritis Rheum 2008;59:968-73. 

[81] Skare TL, Toebe BL, and Boros C, Hand dysfunction in scleroderma patients. Sao 
Paulo Med J 2011;129:357-60. 

[82] Khanna PP, Furst DE, Clements PJ, Maranian P, Indulkar L, Khanna D, et al., Tendon 
friction rubs in early diffuse systemic sclerosis: prevalence, characteristics and 
longitudinal changes in a randomized controlled trial. Rheumatology (Oxford) 
2010;49:955-9. 

[83] Khanna D, Clements PJ, Furst DE, Korn JH, Ellman M, Rothfield N, et al., 
Recombinant human relaxin in the treatment of systemic sclerosis with diffuse 
cutaneous involvement: a randomized, double-blind, placebo-controlled trial. Arthritis 
Rheum 2009;60:1102-11. 

[84] Elhai M, Guerini H, Bazeli R, Avouac J, Freire V, Drape JL, et al., Ultrasonographic 
hand features in systemic sclerosis and correlates with clinical, biologic, and 
radiographic findings. Arthritis Care Res (Hoboken) 2012;64:1244-9. 

[85] Su TI, Khanna D, Furst DE, Danovitch G, Burger C, Maranian P, et al., Rapamycin 
versus methotrexate in early diffuse systemic sclerosis: results from a randomized, 
single-blind pilot study. Arthritis Rheum 2009;60:3821-30. 

[86] Schmeiser T, Pons-Kuhnemann J, Ozden F, Muller-Ladner U, and Dinser R, Arthritis 
in patients with systemic sclerosis. Eur J Intern Med 2012;23:e25-9. 



[87] Clements PJ, Wong WK, Hurwitz EL, Furst DE, Mayes M, White B, et al., The 
Disability Index of the Health Assessment Questionnaire is a predictor and correlate of 
outcome in the high-dose versus low-dose penicillamine in systemic sclerosis trial. 
Arthritis Rheum 2001;44:653-61. 

[88] Avouac J, Guerini H, Wipff J, Assous N, Chevrot A, Kahan A, et al., Radiological 
hand involvement in systemic sclerosis. Ann Rheum Dis 2006;65:1088-92. 

[89] Hyphantis TN, Tsifetaki N, Siafaka V, Voulgari PV, Pappa C, Bai M, et al., The 
impact of psychological functioning upon systemic sclerosis patients' quality of life. 
Semin Arthritis Rheum 2007;37:81-92. 

[90] Erre GL, Marongiu A, Fenu P, Faedda R, Masala A, Sanna M, et al., The 
"sclerodermic hand": a radiological and clinical study. Joint Bone Spine 2008;75:426-
31. 

[91] Szucs G, Szekanecz Z, Zilahi E, Kapitany A, Barath S, Szamosi S, et al., Systemic 
sclerosis-rheumatoid arthritis overlap syndrome: a unique combination of features 
suggests a distinct genetic, serological and clinical entity. Rheumatology (Oxford) 
2007;46:989-93. 

[92] Jinnin M, Ihn H, Yamane K, Asano Y, Yazawa N, and Tamaki K, Clinical features of 
patients with systemic sclerosis accompanied by rheumatoid arthritis. Clin Exp 
Rheumatol 2003;21:91-4. 

[93] Misra R, Darton K, Jewkes RF, Black CM, and Maini RN, Arthritis in scleroderma. Br 
J Rheumatol 1995;34:831-7. 

[94] Cuomo G, Zappia M, Abignano G, Iudici M, Rotondo A, and Valentini G, 
Ultrasonographic features of the hand and wrist in systemic sclerosis. Rheumatology 
(Oxford) 2009;48:1414-7. 

[95] Avouac J, Gossec L, and Dougados M, Diagnostic and predictive value of anti-cyclic 
citrullinated protein antibodies in rheumatoid arthritis: a systematic literature review. 
Ann Rheum Dis 2006;65:845-51. 

[96] Stamenkovic B, Stankovic A, Dimic A, Damjanov N, Nedovic J, Stojanovic S, et al., 
The clinical significance of antibody determination to cyclic citrullinated peptides in 
systemic sclerosis. Srp Arh Celok Lek 2012;140:350-4. 

[97] Arslan Tas D, Erken E, Sakalli H, and Yucel AE, Evaluating hand in systemic 
sclerosis. Rheumatol Int 2012;32:3581-6. 

[98] Morita Y, Muro Y, Sugiura K, and Tomita Y, Anti-cyclic citrullinated peptide 
antibody in systemic sclerosis. Clin Exp Rheumatol 2008;26:542-7. 

[99] Generini S, Steiner G, Miniati I, Conforti ML, Guiducci S, Skriner K, et al., Anti-
hnRNP and other autoantibodies in systemic sclerosis with joint involvement. 
Rheumatology (Oxford) 2009;48:920-5. 

[100] Ueda-Hayakawa I, Hasegawa M, Kumada S, Tanaka C, Komura K, Hamaguchi Y, et 
al., Usefulness of anti-cyclic citrullinated peptide antibody and rheumatoid factor to 
detect rheumatoid arthritis in patients with systemic sclerosis. Rheumatology (Oxford) 
2010;49:2135-9. 

[101] Low AH, Lax M, Johnson SR, and Lee P, Magnetic resonance imaging of the hand in 
systemic sclerosis. J Rheumatol 2009;36:961-4. 

[102] Chitale S, Ciapetti A, Hodgson R, Grainger A, O'Connor P, Goodson NJ, et al., 
Magnetic resonance imaging and musculoskeletal ultrasonography detect and 
characterize covert inflammatory arthropathy in systemic sclerosis patients with 
arthralgia. Rheumatology (Oxford) 2010;49:2357-61. 

[103] Nacci F, Righi A, Conforti ML, Miniati I, Fiori G, Martinovic D, et al., Intravenous 
immunoglobulins improve the function and ameliorate joint involvement in systemic 
sclerosis: a pilot study. Ann Rheum Dis 2007;66:977-9. 



[104] Smolen JS, Landewe R, Breedveld FC, Buch M, Burmester G, Dougados M, et al., 
EULAR recommendations for the management of rheumatoid arthritis with synthetic 
and biological disease-modifying antirheumatic drugs: 2013 update. Ann Rheum Dis 
2013. 

[105] Sokka T and Pincus T, Quantitative joint assessment in rheumatoid arthritis. Clin Exp 
Rheumatol 2005;23:S58-62. 

[106] Allanore Y, Seror R, Chevrot A, Kahan A, and Drape JL, Hand vascular involvement 
assessed by magnetic resonance angiography in systemic sclerosis. Arthritis Rheum 
2007;56:2747-54. 

[107] Avouac J, Mogavero G, Guerini H, Drape JL, Mathieu A, Kahan A, et al., Predictive 
factors of hand radiographic lesions in systemic sclerosis: a prospective study. Ann 
Rheum Dis 2011;70:630-3. 

[108] Freire V, Bazeli R, Elhai M, Campagna R, Pessis E, Avouac J, et al., Hand and Wrist 
Involvement in Systemic Sclerosis: US Features. Radiology 2013;269:824-30. 

[109] Koutaissoff S, Vanthuyne M, Smith V, De Langhe E, Depresseux G, Westhovens R, et 
al., Hand radiological damage in systemic sclerosis: comparison with a control group 
and clinical and functional correlations. Semin Arthritis Rheum 2011;40:455-60. 

[110] Ruof J, Bruhlmann P, Michel BA, and Stucki G, Development and validation of a self-
administered systemic sclerosis questionnaire (SySQ). Rheumatology (Oxford) 
1999;38:535-42. 

[111] Lovell CR and Jayson MI, Joint involvement in systemic sclerosis. Scand J Rheumatol 
1979;8:154-60. 

[112] Brun B, Serup J, and Hagdrup H, Radiological changes of the hands in systemic 
sclerosis. Acta Derm Venereol 1983;63:349-52. 

[113] Kowal-Bielecka O, Landewe R, Avouac J, Chwiesko S, Miniati I, Czirjak L, et al., 
EULAR recommendations for the treatment of systemic sclerosis: a report from the 
EULAR Scleroderma Trials and Research group (EUSTAR). Ann Rheum Dis 
2009;68:620-8. 

[114] Steen VD and Medsger TA, Jr., Case-control study of corticosteroids and other drugs 
that either precipitate or protect from the development of scleroderma renal crisis. 
Arthritis Rheum 1998;41:1613-9. 

[115] Tashkin DP, Elashoff R, Clements PJ, Goldin J, Roth MD, Furst DE, et al., 
Cyclophosphamide versus placebo in scleroderma lung disease. N Engl J Med 
2006;354:2655-66. 

[116] Khanna D, Yan X, Tashkin DP, Furst DE, Elashoff R, Roth MD, et al., Impact of oral 
cyclophosphamide on health-related quality of life in patients with active scleroderma 
lung disease: results from the scleroderma lung study. Arthritis Rheum 2007;56:1676-
84. 

[117] Lam GK, Hummers LK, Woods A, and Wigley FM, Efficacy and safety of etanercept 
in the treatment of scleroderma-associated joint disease. J Rheumatol 2007;34:1636-7. 

[118] Omair MA, Phumethum V, and Johnson SR, Long-term safety and effectiveness of 
tumour necrosis factor inhibitors in systemic sclerosis patients with inflammatory 
arthritis. Clin Exp Rheumatol 2012;30:S55-9. 

[119] Denton CP, Engelhart M, Tvede N, Wilson H, Khan K, Shiwen X, et al., An open-
label pilot study of infliximab therapy in diffuse cutaneous systemic sclerosis. Ann 
Rheum Dis 2009;68:1433-9. 

[120] Distler JH, Jordan S, Airo P, Alegre-Sancho JJ, Allanore Y, Balbir Gurman A, et al., 
Is there a role for TNFalpha antagonists in the treatment of SSc? EUSTAR expert 
consensus development using the Delphi technique. Clin Exp Rheumatol 
2011;29:S40-5. 



[121] Jakubietz MG, Jakubietz RG, and Gruenert JG, Scleroderma of the hand. Journal of 
the American Society for Surgery of the Hand 2005;5:42-47. 

[122] Rodnan GP and Medsger TA, The rheumatic manifestaions of progressive systemic 
sclerosis (scleroderma). Clin Orthop Relat Res 1968;57:81-93. 

[123] Steen VD and Medsger TA, Jr., The palpable tendon friction rub: an important 
physical examination finding in patients with systemic sclerosis. Arthritis Rheum 
1997;40:1146-51. 

[124] Stoenoiu MS, Houssiau FA, and Lecouvet FE, Tendon friction rubs in systemic 
sclerosis: a possible explanation--an ultrasound and magnetic resonance imaging 
study. Rheumatology (Oxford) 2013;52:529-33. 

[125] Dore A, Lucas M, Ivanco D, Medsger TA, Jr., and Domsic RT, Significance of 
palpable tendon friction rubs in early diffuse cutaneous systemic sclerosis. Arthritis 
Care Res (Hoboken) 2013;65:1385-9. 

[126] Johnson SR, Glaman DD, Schentag CT, and Lee P, Quality of life and functional 
status in systemic sclerosis compared to other rheumatic diseases. J Rheumatol 
2006;33:1117-22. 

[127] Clements PJ, Allanore Y, Khanna D, Singh M, and Furst DE, Arthritis in systemic 
sclerosis: systematic review of the literature and suggestions for the performance of 
future clinical trials in systemic sclerosis arthritis. Semin Arthritis Rheum 
2012;41:801-14. 

[128] Bruce B and Fries JF, The Stanford Health Assessment Questionnaire: a review of its 
history, issues, progress, and documentation. J Rheumatol 2003;30:167-78. 

[129] Khanna D, Furst DE, Hays RD, Park GS, Wong WK, Seibold JR, et al., Minimally 
important difference in diffuse systemic sclerosis: results from the D-penicillamine 
study. Ann Rheum Dis 2006;65:1325-9. 

[130] Valentini G, Bencivelli W, Bombardieri S, D'Angelo S, Della Rossa A, Silman AJ, et 
al., European Scleroderma Study Group to define disease activity criteria for systemic 
sclerosis. III. Assessment of the construct validity of the preliminary activity criteria. 
Ann Rheum Dis 2003;62:901-3. 

[131] Valentini G, D'Angelo S, Della Rossa A, Bencivelli W, and Bombardieri S, European 
Scleroderma Study Group to define disease activity criteria for systemic sclerosis. IV. 
Assessment of skin thickening by modified Rodnan skin score. Ann Rheum Dis 
2003;62:904-5. 

[132] Minier T, Nagy Z, Balint Z, Farkas H, Radics J, Kumanovics G, et al., Construct 
validity evaluation of the European Scleroderma Study Group activity index, and 
investigation of possible new disease activity markers in systemic sclerosis. 
Rheumatology (Oxford) 2010;49:1133-45. 

[133] Muangchan C, Harding S, Khimdas S, Bonner A, Baron M, and Pope J, Association of 
C-reactive protein with high disease activity in systemic sclerosis: results from the 
Canadian Scleroderma Research Group. Arthritis Care Res (Hoboken) 2012;64:1405-
14. 

[134] Mugii N, Hasegawa M, Matsushita T, Kondo M, Orito H, Yanaba K, et al., The 
efficacy of self-administered stretching for finger joint motion in Japanese patients 
with systemic sclerosis. J Rheumatol 2006;33:1586-92. 

[135] Pinto AL, Oliveira NC, Gualano B, Christmann RB, Painelli VS, Artioli GG, et al., 
Efficacy and safety of concurrent training in systemic sclerosis. J Strength Cond Res 
2011;25:1423-8. 

[136] Askew LJ, Beckett VL, An KN, and Chao EY, Objective evaluation of hand function 
in scleroderma patients to assess effectiveness of physical therapy. Br J Rheumatol 
1983;22:224-32. 



[137] Pils K, Graninger W, and Sadil F, Paraffin hand bath for scleroderma. Phys Med 
Rehabil 1991;1:19-21. 

[138] Sandqvist G, Akesson A, and Eklund M, Evaluation of paraffin bath treatment in 
patients with systemic sclerosis. Disabil Rehabil 2004;26:981-7. 

[139] Bongi SM, Del Rosso A, Galluccio F, Sigismondi F, Miniati I, Conforti ML, et al., 
Efficacy of connective tissue massage and Mc Mennell joint manipulation in the 
rehabilitative treatment of the hands in systemic sclerosis. Clin Rheumatol 
2009;28:1167-73. 

[140] Bongi SM, Del Rosso A, Passalacqua M, Miccio S, and Cerinic MM, Manual lymph 
drainage improving upper extremity edema and hand function in patients with 
systemic sclerosis in edematous phase. Arthritis Care Res (Hoboken) 2011;63:1134-
41. 

[141] Seeger MW and Furst DE, Effects of splinting in the treatment of hand contractures in 
progressive systemic sclerosis. Am J Occup Ther 1987;41:118-21. 

[142] Maddali Bongi S, Del Rosso A, Galluccio F, Tai G, Sigismondi F, Passalacqua M, et 
al., Efficacy of a tailored rehabilitation program for systemic sclerosis. Clin Exp 
Rheumatol 2009;27:44-50. 

[143] Schouffoer AA, Ninaber MK, Beaart-van de Voorde LJ, van der Giesen FJ, de Jong Z, 
Stolk J, et al., Randomized comparison of a multidisciplinary team care program with 
usual care in patients with systemic sclerosis. Arthritis Care Res (Hoboken) 
2011;63:909-17. 

 
 


