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ABSTRACT
Objective. To evaluate the clinico-se-
rological profile and to assess diagnos-
tic parameters of myopathy in patients 
with systemic sclerosis (SSc)-associat-
ed myopathy.
Methods. We explored the profiles of 
SSc-myopathy patients and matched 
non-myopathy SSc patients as well as 
different diagnostic measures for mus-
cle affection. Additionally, the muscle 
performance of SSc-myopathy patients, 
assessed by the Manual Muscle Test 
for 8 muscle groups (MMT-8) and the 
Functional Index-2 (FI-2), was com-
pared with that of patients with pri-
mary myositis.
Results. In SSc-myopathy patients, the 
following features occurred significant-
ly more often even after Bonferroni cor-
rection for multiple comparisons: im-
munosuppressive treatment (56.0% vs. 
24.1%; p=0.0003), elevated levels of 
creatine kinase (CK) (48.3% vs. 5.3%, 
p<0.0001), anti-PM-Scl antibodies 
(30.4% vs. 4%, p=0.00048), and ab-
sence of RNA Polymerase III antibod-
ies (7.3% vs. 28.3%, p<0.0001). The 
MMT-8 showed a mild muscle weak-
ness in SSc-myopathy as well as in pri-
mary myositis patients with similar age 
and sex. Muscle endurance tested by 
the FI-2 was generally compromised in 
both cohorts, yet the distribution pat-
tern of affected muscle groups differed 
between the two cohorts.
Conclusion. We confirmed previously 
described clinic-serological charac-
teristics of SSc-myopathy patients. Our 
study suggests that autoantibody pro-
file and CK levels may be helpful in 
establishing the diagnosis of SSc-myo-
pathy. Whole-body MRI might be more 
accurate to capture the disease extent 
than MRI of selected muscle groups. 
Functional muscle tests validated for 
primary myositis did not perform well 
for the assessment of muscle function 
in patients with SSc-myopathy. Both, 

potential confounders such as skin, 
joint, and cardiovascular involvement 
as well as lack of sensitivity might have 
negatively affected the test perfor-
mance in this population.

Introduction
Systemic sclerosis (SSc) is an autoim-
mune connective tissue disease which 
is characterised by immune dysregula-
tion, endothelial cell dysfunction fol-
lowed by defective vascular repair and 
neovascularisation, and progressive 
tissue fibrosis of the skin and internal 
organs (1). Myopathy is a frequent, 
yet poorly investigated and understood 
phenomenon in patients with systemic 
sclerosis although it might cause sub-
stantial morbidity and is associated with 
a poor prognosis (2). Since there ex-
ist no diagnostic consensus criteria for 
myopathy in SSc, its prevalence varies 
widely (6–90%) in the literature (2, 3). 
In order to improve this lack of diag-
nostic consensus criteria and diagnostic 
tools, a SSc-myopathy sub-cohort of 
the European Scleroderma Trials and 
Research group (EUSTAR) (4) cohort 
has been established in 2015 within the 
context of the ”EUSTAR-Scleroderma 
clinical trial and research consortium 
(SCTC) sub-cohort initiative” (5).
The clinical presentation of SSc-asso-
ciated myopathy is highly heterogene-
ous ranging from mild myalgia and a 
slight elevation of muscle enzymes to 
severe muscle weakness. The increased 
mortality can mainly be attributed to 
cardiac involvement, i.e. left ventricu-
lar dysfunction, arrhythmias, conduc-
tion blocks, and myocarditis (6-8). To 
diagnose SSc-related myopathy, most 
often a combination of muscle weak-
ness as the most prominent clinical 
feature, elevation of muscle enzymes, 
pathological findings on electromyo-
gram (EMG), magnetic resonance im-
aging (MRI) or muscle biopsies are 
used. Moreover, a positive association 
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has been reported between SSc-myopa-
thy and several auto-antibodies includ-
ing anti-PM-Scl, anti-topoisomerase-1, 
anti-Ku, anti-U3-RNP, anti-U1-RNP, 
anti-Jo, and anti-RuvBL1/2 (9-14). In 
contrast, anti-centromere- and anti-
RNA-Polymerase III-antibodies in 
some studies were reported to be nega-
tively associated (6-12).
Muscle weakness needs to be verified 
by the treating physician or physiothera-
pist. The Manual Muscle Test for 8 mus-
cle groups (MMT-8) and the Functional 
Index-2 (FI-2) are commonly used and 
validated tests for patients with primary 
myositis to evaluate muscle weakness 
and endurance, respectively (15, 16). 
Inflammatory myopathies are a rare and 
heterogeneous group of multi-system 
autoimmune diseases and encompass 
polymyositis, dermatomyositis, juve-
nile dermatomyositis, inclusion body 
myositis, immune-mediated necrotising 
myopathy, and the antisynthetase syn-
drome (17). In addition to the typically 
proximally and symmetrically distrib-
uted skeletal muscle involvement, other 
organs such as the skin and the lung can 
be affected, depending on the underly-
ing disease. In SSc-myopathy, so far no 
data on the suitability of these tests for 
the assessment of muscle involvement 
are available.
We therefore wanted to evaluate diag-
nostic measures in patients with SSc-
associated myopathy. In particular, we 
focused on the diagnostic performance 
of muscle function tests compared with 
patients with primary myositis in our 
respective local cohorts.

Materials and methods
Patients and study design
The SSc cohort of the Department of 
Rheumatology, University Hospital 
Zurich (USZ), Switzerland, was evalu-
ated for this retrospective data analy-
sis, which comprises patients with es-
tablished diagnosis of SSc meeting 
the American College of Rheumatol-
ogy (ACR) / European League Against 
Rheumatism (EULAR) classification 
criteria (18).
The SSc-myopathy sub-cohort has been 
established in 2015 within the context of 
the ”EUSTAR-SCTC initiative” (EU-
LAR Scleroderma Trials and Research 

group - Scleroderma Clinical Trials 
Consortium) by extending the EUS-
TAR MEDS online (Minimal Essen-
tial Data Set) (19) for myositis-related 
items. These include 10 questions con-
cerning the medical history, 4 clinical 
exams, 25 laboratory parameters, and 3 
diagnostic tools. For detailed informa-
tion, refer to the online supplement. For 
enrolment, at least one of the following 
inclusion criteria needs to be met: el-
evated levels of serum muscle enzymes 
(creatine kinase (CK) or aldolase), 
proximal muscle weakness judged by 
the treating physician or physiothera-
pist, muscle atrophy on physical exami-
nation, or positive myositis-associated 
autoantibodies (Jo-1, PM-Scl, U1-RNP, 
Ku, Mi-2, SRP, PL-7, PL-12, OJ, EJ, 
p155/140, MDA5, MXP2).
SSc-myopathy patients were matched 
to and compared with non-myopathy 
SSc patients in a 1:1 ratio for the main 
SSc features. Matching criteria were 
age, gender, extent of skin involvement 
according to the Le Roy classifica-
tion (20), disease duration > or ≤ than 
5 years and presence of the main SSc 
auto-antibodies (anti-centromere, anti-
topoisomerase-1, anti-RNA polymerase 
III) (21) (Supplementary Table S1).
Myopathy-related characteristics were 
assessed at one-year follow-up. To 
compare the muscle function of patients 
with SSc-associated myopathy with 
that of patients with primary myositis, 
patients of the local myositis cohort of 
the USZ being part of the Euromyosi-
tis registry (17), an international data 
registry for myositis patients, were in-
cluded. Data were collected from the 
institutional electronic patients‘ charts.
Written informed consent was ob-
tained from all the patients. The study 
was approved by the local ethics com-
mittee (KEK-ZH-Nr. 2012-0419, 
pre-BASEC- EK-839, BASEC KEK-
Nr.-2016-01515).

MMT8 and FI-2
MMT8 and FI-2 tests were performed 
as previously described (15, 16, 22). 
The MMT-8 is scored from 0 to 10 and 
measures the muscle weakness of 8 dif-
ferent muscle groups (M. deltoideus, 
M. biceps, wrist extensors, M. quadri-
ceps, ankle dorsiflexors, neck flexors, 

M. gluteus maximus and medius), 
which are most commonly affected in 
primary myositis (22). Scores between 
0–3, 4–6 and 7–9 are defined as severe, 
moderate and mild muscle weakness, 
respectively and a score of 10 indicates 
absence of muscle weakness. The total 
score representing the sum of the sin-
gle scores varies from 0 to 80 (0=no 
muscle contraction, 0–31=severe mus-
cle weakness, 32–55=moderate muscle 
weakness, 56–79=mild muscle weak-
ness, 80=normal strength). The FI-2 
examines the muscle endurance based 
on repetitive movements with a prede-
fined maximum of 60 (shoulder flex-
ion, shoulder abduction, head lift, hip 
flexion, step test) and 120 (heel and toe 
lift) repetitions, respectively (15). The 
results were presented as the percent-
age of the maximal repetitions per mus-
cle group. All patients were tested and 
supervised by the same two well expe-
rienced examiners (P.B. 25 years of ex-
perience / I.S. 13 years of experience). 
To further address potential differences 
in the distribution of muscle affection, 
we analysed the available MRI scans of 
the SSc-myopathy patients.

Statistical analysis
SPSS version 25 was employed for the 
statistical analysis. Frequencies and 
percentages as well as medians, first and 
third quartiles (Q1, Q3) were reported 
for categorical and continuous vari-
ables, respectively. Binary logistic re-
gression was performed for the propen-
sity score matching (PSM). The closest 
PSM score was used to match the SSc-
myopathy patients with non-myopathy 
SSc patients. Statistical analysis be-
tween two groups of related variables 
was performed using McNemar or in 
case of more than one variable marginal 
homogeneity test for categorical vari-
ables and Wilcoxon signed rank test for 
continuous variables. For independent 
variables, Chi-square test was used for 
categorical variables and Mann-Whit-
ney U-test for continuous variables. To 
minimise the probability of committing 
a type 1 error (α) due to multiple test-
ing, Bonferroni correction (α/number 
of tests) was applied and thus only p-
values <0.000595 (0.05/84) were con-
sidered as statistically significant.
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Results
Characteristics and distinguishing 
features of SSc-myopathy patients
Out of the entire local SSc cohort 
(n=454) at the time of the first data ex-
port (8 October 2018), 58 patients ful-
filled the myopathy inclusion criteria 
and were compared to 58 matched non-
myopathy SSc patients. The majority 
of patients (74.1%) was female, the 
median age was 60 years and the medi-
an disease duration was 77.0 months in 
the myopathy cohort and 69.6 months 
in the non-myopathy cohort. (Table I).
About the same percentage of patients 
in both cohorts suffered from joint 
synovitis, renal crisis and lung fibro-
sis. Moreover, no significant difference 
was found for the presence of anti-nu-
clear antibodies, the elevation of C-re-
active protein, aspartate transaminase, 
and alanine transaminase (Table II).
The active disease score defined by 
Valentini (23) was higher in the SSc-
myopathy cohort than in the SSc-non-
myopathy cohort. More patients with 
myopathy had scleredema and more 
than twice as many had tendon friction 
rubs. Joint contractures, on the other 
hand, were found more frequently in 
non-myopathy SSc patients compared 
to SSc-myopathy patients. In accord-
ance with the higher disease activity, 
significantly more patients with myo-
pathy were prescribed an immunosup-
pressive treatment (56.0% vs. 24.1%, 
p=0.0003). Remarkably, in one third 
of patients with myopathy receiving 
an immunosuppressive therapy (11/33 
(33.3%)), the treatment was prescribed 
because of muscle involvement as the 
only indication or one out of several 
indications (mostly lung fibrosis and 
joint synovitis).
The prevalence of active digital ulcers 
was higher in the SSc-non-myopathy 
cohort. Furthermore, there was a ten-
dency towards a late SSc pattern in the 
nailfold capillaroscopy and a higher 
prevalence of pulmonary hypertension 
in patients without myopathy (Table I).
We observed an association between 
specific autoantibodies and SSc-asso-
ciated myopathy. Anti-PM-Scl anti-
bodies were found significantly more 
often in the SSc-myopathy cohort 
compared with non-myopathy SSc pa-

Table I. Description of matched SSc patients with and without myopathy at baseline     
(clinical parameters).

Characteristics	 Patients with myopathy	 Patients without myopathy	 p-value

Sex			 
     Female	 43/58 	 (74.1)	 43/58 	 (74.1)	 -
     Male	 15/58 	 (25.9)	 15/58 	 (25.9)	 -
Age (years)	 59.7 	 (49.0, 68.3)	 59.9 	 (48.4, 68.6)	 -
Disease duration (months) ¹	 77.0 	 (34.8, 141.1)	 69.6 	 (38.4, 145.3)	 -
Extent of skin involvement ²			 
     Limited cutaneous involvement	 37/58 	 (64.9)	 38/58 	 (65.5)	 -
     Diffuse cutaneous involvement	 18/58 	 (31.6)	 18/58 	 (31.0)	 -
     Systemic Sclerosis sine scleroderma	 3/58 	 (3.5)	 2/58 	 (3.4)	 -
mRSS	 2.5 	 (0.0, 9.3; n=58)	 6.0 	 (0.5, 11.8; n=56)	 0.183
Scleredema	 48/57 	 (84.2)	 32/53 	 (60.4)	 0.036
Pitting scars on fingertips	 25/56 	 (44.6)	 22/55 	 (40)	 0.629
Gangrene	 0/57 	 (0)	 0/55 	 (0)	 -
Digital ulcers (active)	 4/56 	 (7.1)	 13/57 	 (22.8)	 0.049
Digital ulcers (ever)	 22/56 	 (39.3)	 23/57 	 (40.4)	 1.000
Raynaud›s phenomenon	 51/58 	 (87.9)	 55/58 	 (94.8)	 0.289
Teleangiectasia	 33/57 	 (57.9)	 32/51 	 (62.7)	 0.690
Nailfold capillaroscopy: Scleroderma pattern			 
     early	 5/43 	 (11.8)	 2/35 	 (5.7)	 0.375
     active	 18/43 	 (41.9)	 12/35 	 (34.3)	 0.549
     late	 20/43 	 (46.5)	 21/35 	 (60)	 0.180
Active disease score (VAI)	 3.25 	 (2.25, 5.00; n=53)	 2.92 	 (1.44, 3.78; n=34)	 0.166
Active disease score (VAI>=3)	 14/58 	 (24.1)	 4/58 	 (6.9)	 0.013
Immunosuppressive treatment 3	 33/58 	 (56.9)	 14/58 	 (24.1)	 0.0003*
Immunosuppresive treatment due 	 11/33 	 (33.3%)	 -		  -
   to muskuloskeletal involvement 
   (exclusively or amongst other causes)	
Organ involvement			 
     Muscle weakness	 18/57 	 (31.6)	 6/58 	 (10.3)	 0.011
     Muscle atrophy	 7/57 	 (12.3)	 2/58 	 (3.4)	 0.180
     Joint synovitis 4	 10/58 	 (17.2)	 8/58 	 (13.8)	 0.791
     Joint contractures	 17/57 	 (29.8)	 26/58 	 (44.8)	 0.134
     Tendon friction rubs	 9/56 	 (16.1)	 4/58 	 (6.9)	 0.180
     Dyspnoea (NYHA ≤2)	 51/57 	 (89.5)	 43/50 	 (86)	 0.549
     Dyspnea (NYHA >2)	 6/57 	 (10.5)	 7/50 	 (14)	 0.549
     Lung fibrosis on HRCT	 33/58 	 (56.9)	 25/45 	 (55.6)	 0.412
     DLCO/VA	 74.0 	 (63, 83; n=43)	 79.5 	 (65 88; n=26)	 0.268
     FVC (%)	 96.0 	 (82.3, 110.8; n=56)	 93.0 	 (84, 108; n=49)	 0.848
     FEV1 (%)	 92.0 	 (79.5, 106.8; n=56)	 89.0 	 (77.5, 103.0; n=49)	 0.938
     TLC (%)	 95.0 	 (85, 113; n=55)	 101.5 	 (83.5, 113.5; n=48)	 0.146
     Renal crisis	 3/58 	 (5.2)	 4/58 	 (6.9)	 1.000
     Cardiac arrhythmias	 11/58 	 (19)	 6/58 	 (10.3)	 0.302
     Pericarditis / Myocarditis	 1/58 	 (1.7)	 0/58 	 (0)	 1.000
     Pulmonary hypertension	 3/57 	 (5.3)	 9/51 	 (17.6)	 0.057
     Diastolic function abnormal	 14/55 	 (25.5)	 19/57 	 (33.3)	 0.648
     Proximal Dysphagia	 18/58 	 (31)	 12/58 	 (20.7)	 0.289

For nominal variables, the absolute and relative frequencies are shown: n/total valid cases (%). 
Continuous variables are described as median and 1st, 3rd quartiles (Q1, Q3).
Data for some clinical and laboratory parameters were available for fewer patients than the total number of 
patients in the respective group.
*Denotes statistical significance after Bonferroni correction for multiple comparisons.
¹Disease duration was calculated as difference between the date of the baseline visit and the date of the first 
non-Raynaud’s symptom of the disease, as reported by the patients.
²Extent of skin involvement as defined by LeRoy criteria.
3The “early scleroderma pattern” in the nailfold capillaroscopy is characterised by few enlarged/giant capil-
laries, few capillary haemorrhages, relatively well-preserved capillary distribution, and no evident loss of 
capillaries as described by Cutolo et al. (40).
4The “active scleroderma pattern” in the nailfold capillaroscopy is characterised by frequent giant capillaries, 
frequent capillary haemorrhages, moderate loss of capillaries, mild disorganisation of the capillary architec-
ture, and absent or mild ramified capillaries as described by Cutolo et al. (40).
5The “late scleroderma pattern” in the nailfold capillaroscopy was characterised by irregular enlargement of 
the capillaries, few or absent giant capillaries and haemorrhages, severe loss of capillaries with extensive 
avascular areas, disorganisation of the normal capillary array, and ramified/bushy capillaries as described by 
Cutolo et al. (40).
6Immunosuppressive treatment in patients with myopathy: prednisone, methotrexate, mycophenolate cyclo-
phosphamide, azathioprine, rituximab, tocilizumab; immunosuppressive treatment in patients without my-
opathy: prednisone, methotrexate, mycophenolate, rituximab, tocilizumab, anti-TNF (tumour necrosis factor 
alpha) inhibitors.
7Joint synovitis was defined as swelling of the joints as judged by the treating physician.
DLCO/VA: diffusing capacity of the lung for carbon monoxide divided by the alveolar volume; FEV1: forced 
expiratory volume at 1 second; FVC: forced vital capacity; HRCT: high resolution computer tomography; 
mRSS: modified Rodnan skin score; NYHA: New York Heart Association; TLC: total lung capacity; VAI: 
Valentini Activity Index.
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tients (30.4% vs. 4%, p=0.00048) and 
RNA Polymerase III antibodies less 
often. Furthermore, our results show a 
tendency towards a higher prevalence 
of anti-U1snRNP-antibodies in SSc-
myopathy patients. Antibodies indica-
tive of primary myositis such as anti-
Jo-1, anti-Mi-2, anti-SRP, anti-PL-7, 
anti-PL-12, and anti-HMGCR were not 
present in either SSc cohort.
Moreover, there was a tendency to-
wards a higher prevalence of dyspha-
gia and cardiac arrhythmias in the SSc-
myopathy cohort compared to the SSc-
cohort without myopathy. Troponin T 
was more often elevated in the SSc-
myopathy cohort (33.3% vs. 16.2%).
CK was significantly more often ele-
vated in SSc-myopathy patients (48.3% 
vs. 5.3%, p<0.0001) and showed sig-
nificantly higher, albeit moderately 
elevated levels. Correspondingly, the 
lactate dehydrogenase (LDH) level 

was more often elevated in the SSc-
myopathy cohort (Table II).
Out of the 58 SSc-myopathy patients, 
35 were eligible for the annual follow-
up visit. After one-year of follow-up, 
they showed a tendency towards a de-
crease in overall disease activity (Table 
III). Skeletal muscle involvement, i.e., 
muscle weakness and muscle atrophy, 
as well as heart involvement became 
less, supported by a reduced frequen-
cy of CK and troponin-T elevations ≥ 
50pg/ml. There were no significant dif-
ferences between the SSc-myopathy 
patients, who were available and the 
SSc-myopathy patients who were not 
available for the annual follow-up visit.

Characteristics of 
primary myositis patients
At the time point of data extraction, 
the local myositis cohort of the Depart-
ment of Rheumatology of the USZ in-

cluded 159 patients with primary my-
ositis (dermatomyositis, polymyositis, 
antisynthetase syndrome, overlap syn-
drome, associated myositis, unclas-
sified autoimmune myositis), out of 
which 35 patients had available data 
for MMT-8 and FI-2 and thus qualified 
for our study.
Seventy-four percent of the included 
myositis patients were female, the medi-
an age was 59 years. The most common 
subtype of myositis was dermatomyosi-
tis (45.7%), followed by polymyositis 
(25.7%), and antisynthetase syndrome 
(11.4%). The remaining 14.4% suffered 
either from an unclassified autoimmune 
myositis, an overlap syndrome or from 
a secondary myositis. CK was elevated 
in 24.1% of all patients. The majority of 
the patients (54%) had a  normal nail-
fold capillaroscopy. The most common 
autoantibodies were antinuclear anti-
bodies, followed by anti-SSA and anti-
Jo-1 (Table IV).

Muscle weakness and endurance
in SSc-myopathy and primary 
myositis patients
Thirty-four patients of the SSc-myo-
pathy sub-cohort with available data 
for MMT-8 and FI-2 were compared to 
35 patients with primary myositis. Age 
(median 58.0, IQR 48.7–69.5 in SSc-
myopathy vs. median 59.0, IQR 51.0–
65.0 in primary myositis) and gender 
(26.5% female in SSc-myopathy vs. 
25.0% female in myositis) were com-
parable (Table V).
As measured by the MMT-8 total 
score, both groups showed a mild mus-
cle weakness without a significant dif-
ference between the two groups (Table 
V). In contrast, the analysis of the FI-2 
showed a reduced muscle endurance in 
all tested muscles groups in both co-
horts. SSc-myopathy patients showed 
the worst performance in the tasks 
head lift, heel lift and toe lift, whereas 
patients with primary myositis had the 
greatest difficulties performing step 
test, hip flexion, and head lift. The neck 
musculature was badly affected in both 
groups, however, the myositis patients 
showed even worse performance in the 
task head lift than the SSc-myopathy 
patients. In contrast, the SSc-myopa-
thy patients performed worse than the 

Table II. Description of matched SSc patients with and without myopathy at baseline     
(laboratory parameters).

Characteristics	 Patietients with myopathy	 Patients without myopathy	 p-value

Immunological profile			 
     ANA	 58/58 	 (100)	 58/58 	 (100)	 1.000
     ACA	 16/57 	 (28.1)	 16/58 	 (27.6)	 0.754
     Antitopoisomerase-I antibodies	 15/58 	 (25.9)	 12/58 	 (20.7)	 0.607
     Anti-U1-RNP	 7/56 	 (12.5)	 2/49 	 (4.1)	 0.289
     Anti-RNA Polymerase III	 4/55 	 (7.27)	 15/53 	 (28.3)	 0.006
     Anti-PM-Scl	 17/56 	 (30.4)	 2/50 	 (4)	 0.00048*

     Anti-Ku	 4/52 	 (7.7)	 1/37 	 (2.7)	 0.625
     Anti-U3-RNP	 1/45 	 (2.2)	 2/32 	 (6.3)	 1.000
     Anti-Jo-1	 0/46 	 (0)	 0/18 	 (0)	 -
     Anti-Mi-2	 0/42 	 (0)	 0/14 	 (0)	 -
     Anti-SRP	 0/26 	 (0)	 0/3 	 (0)	 -
     Anti-PL-7	 0/27 	 (0)	 0/4 	 (0)	 -
     Anti-PL-12	 0/26 	 (0)	 0/4 	 (0)	 -
     Anti-HMGCR	 0/2 	 (0)	 0/2 	 (0)	 -
Laboratory tests			 
     CRP elevation	 12/58 	 (20.7)	 11/57 	 (19.3)	 1.000
     CK elevation	 28/58 	 (48.3)	 3/57 	 (5.3)	 <0.0001*

     CK (U/l)	 137.0 	 (71.5, 245.0; n=58)	 80.0 	(59.0, 111.0; n=51)	 <0.0001*

     NTproBNP (pg/ml)	 124.0 	 (59.3, 355.5; n=56)	 125.0 	 (68.0, 290.5; n=49)	 0.824
     Troponin-T elevation	 18/54 	 (33.3)	 6/37 	 (16.2)	 0.021
     Troponin-T ≥50 (pg/ml)	 12/17 	 (70.6)	 2/6 	 (33.33)	 0.268
     AST elevation	 8/56 	 (14.3)	 8/55 	 (14.5)	 1.000
     ALT elevation	 1/34 	 (2.9)	 3/34 	 (8.8)	 1.000
     LDH elevation	 17/54 	 (31.5)	 10/52 	 (19.2)	 0.167

For nominal variables, the absolute and relative frequencies are shown: n/total valid cases (%). 
Continuous variables are described as median and 1st, 3rd quartiles (Q1, Q3).
Data for some clinical and laboratory parameters were available for fewer patients than the total num-
ber of patients in the respective group.
*Denotes statistical significance after Bonferroni correction for multiple comparisons.
ACA: anticentromere antibodies; ALT: alanine aminotransferase; ANA: antinuclear antibodies; Anti-
HMGCR: anti-HMG-CoA-reductase antibodies; Anti-U3-RNP: anti-fibrillarin antibodies; AST: aspar-
tate aminotransferase; CK: creatine kinase; CRP: C reactive protein; LDH: lactate dehydrogenase; 
NTproBNP: N-terminal pro brain natriuretic peptide; RNP: ribonucleoprotein.
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myositis patients in the task shoulder 
abduction. The perceived exertion on 
the Borg CR10 Scale as indicator of 
patients’ performance (15) was simi-
lar between both groups ensuring the 
comparability of the results. Our find-
ings suggested a different involvement 
of muscle groups between the two co-
horts, showing predominant affection 
of the distal leg musculature and the 
neck musculature in SSc-myopathy 
patients and predominant affection of 
the proximal leg and hip musculature 
as well as the neck musculature in my-
ositis patients. It should, however, be 
taken into consideration that 11 of the 
31 SSc-myopathy patients, who per-
formed the tasks heel lift and toe lift 
suffered from joint contractures, 5 suf-
fered from joint synovitis and 12 had 
an mRSS of the lower legs and feet 
between 1 and 3, indicating mild to se-
vere skin thickening.
Sixteen patients of the SSc-myopathy 
cohort had undergone MRI. Six of 
these patients showed radiological 

signs of muscle affection. While af-
fection of the shoulder girdle and of 
proximal leg musculature were found 
in 5 out of 6 patients the musculature 
of the distal legs and of the hands show 
affection in 2 out of 6 and in 1 out of 6 
patients, respectively. Figure 1 shows 
a representative MRI of a male SSc-
myopathy patient.

Discussion
In our study, the SSc patients with 
myopathy had a higher disease activity 
score, a higher prevalence of inflam-
matory features such as scleredema 
and tendon friction rubs as well as a 
higher rate of prescribed immunosup-
pressive treatment than patients with-
out myopathy. There exist no treatment 
recommendations for SSc-associated 
myopathy. In general, myopathy in pa-
tients with normal or mildly elevated 
CK levels and absence of inflamma-
tion on MRI or biopsy often remains 
untreated (24, 25), whereas higher CK 
levels, MRI or biopsy-proven inflam-

mation often require corticosteroids or 
immunosuppressive drugs, for example 
methotrexate (26). In our study, in one 
third of patients with SSc-associated 
myopathy receiving immunosuppres-
sive treatment, amongst other causes 
such as lung fibrosis and joint synovi-
tis, the indication for immunosuppres-
sive treatment was musculoskeletal 
involvement. The higher prevalence of 
cardiac arrhythmias and the higher lev-
els of troponin-T in the SSc-myopathy 
cohort are in agreement with previous 
studies, which postulated a possible 
association between skeletal myositis 
and cardiac disease (8, 27).
CK levels were significantly more of-
ten elevated in SSc-myopathy patients 
than in non-myopathy patients. How-
ever, our subjects did not exhibit very 
high CK levels compared to most pa-
tients with primary myositis (28) po-
tentially relating to lower muscle mass 
or differences in the severity or the 
pathophysiology of muscle remodel-
ling. This is supported by the literature 

Table III. Description of SSc myopathy patients at baseline and follow-up.

Characteristics	 Baseline 	 Patients with	 Patients without	 p-value1	 Follow-up (n=35)	 p-value2

	 (n=58)	 follow-up at baseline	 follow-up at baseline 
		  (n=35)	  (n=23)	

mRSS	 2.5 	(0.0, 9.25; n=57)	 3.0 	(0.3, 10.5; n=35)	 2.0 	 (0.5, 6.5; n=23)	 0.361	  2.0 	(0.0, 9.0; n=35)	 0.041
Active disease Score	 3.25 	(2.25, 5.00; n=53)	 3.3 	(0.3, 5.3, n=34)	 3.3 	 (2.3, 4.2; n= 19)	 0.191	 2.59 	(1.00, 3.50; n=35)	 0.109
Active disease Score ≥3	 29/53 	(54.7)	 19/34 	(55.9)	 10/19 	(52.6)	 0.298	 17/35 	 (48.6)	 0.227
Organ involvement						    
     Muscle weakness	 18/57 	(31.6)	 14/35 	(40.0)	 4/22 	(18.18)	 0.027	 10/35 	 (28.6)	 0.344
     Muscle atrophy	 7/57 	(12.3)	 4/35 	(11.4)	 3/22 	(13.6)	 0.808	 3/35 	 (8.6)	 1.000
     Joint synovitis 3	 10/58 	(17.2)	 6/35 	(17.1)	 4/23 	(17.4)	 0.404	 8/35 	 (22.9)	 1.000
     Joint contractures	 17/57 	(29.8)	 10/35 	(28.6)	 7/22 	(31.8)	 0.320	 15/35 	 (42.9)	 0.146
     Tendon friction rubs	 9/56 	(16.1)	 6/35 	(17.1)	 3/21 	(14.3)	 0.602	 4/35 	 (11.4)	 0.727
     Cardiac arrhythmias	 11/58 	(19)	 8/35 	(22.9)	 3/23 	(13.0)	 0.062	 6/34 	 (17.6)	 0.250
     Pericarditis / Myocarditis	 1/58 	(1.7)	 1/35 	(2.9)	 0/23 	(0.0)	 -	 0/32 	 (0.0)	 1.000
Laboratory tests						    
     CRP elevation	 12/58 	(20.7)	 9/35 	(25.71)	 3/23 	(13.04)	 0.164	 12/35 	 (34.3)	 0.508
     CK elevation	 28/58 	(48.3)	 16/35 	(45.71)	 12/23 	(52.17)	 0.534	 9/35 	 (25.7)	 0.016
     AST elevation	 8/56 	(14.3)	 3/34 	(8.82)	 5/22 	(22.73)	 0.024	 2/32 	 (6.3)	 1.000
     ALT elevation	 1/34 	(2.9)	 0/24 	(0)	 1/10 	(10.0)	 -	 1/15 	 (6.7)	 1.000
     LDH elevation	 17/54 	(31.5)	 13/33 	(39.4)	 4/21 	(19.1)	 0.050	 6/32 	 (18.8)	 0.070
     Troponin-T elevation	 18/54 	(33.3)	 11/31 	(35.5)	 7/23 	(30.4)	 0.918	 10/30 	 (33.3)	 1.000
     Troponin-T ≥50 (pg/ml)	 12/17 	(70.6)	 9/10 	(90.0)	 3/7 	(42.9)	 0.164	 4/10 	 (40)	 0.250
Immunosuppressive treatment 4	 33/58 	(56.9)	 23/35 	(65.7)	 10/23 	(43.5)	 0.025	 18/35 	 (51.4)	 0.125
Physical therapy	 38/58 	(65.5)	 25/35 	(71.4)	 13/23 	(56.5)	 0.114	 20/34 	 (58.8)	 0.289

For nominal variables, the absolute and relative frequencies are shown: n/total valid cases (%). Continuous variables are described as median and 1st, 3rd 

quartiles (Q1, Q3).
Data for some clinical and laboratory parameters were available for fewer patients than the total number of patients in the respective group.
1p-value for comparison between patients with and without follow-up at baseline.
2p-value for comparison between all patients available at baseline and follow up.
3Joint synovitis was defined as swelling of the joints as judged by the treating physician.
4Immunosuppressive treatment at baseline: Prednisone, methotrexate, mycophenolate cyclophosphamide, azathioprine, rituximab, tocilizumab; Immuno-
suppressive treatment at one-year follow-up: Prednisone, methotrexate, mycophenolate, rituximab, tocilizumab.
ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine kinase; CRP: C reactive protein; LDH: lactate dehydrogenase; mRSS: modi-
fied Rodnan skin score.
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describing many different forms of his-
topathology in SSc-myopathy patients 
ranging from necrosis, inflammation 
and acute neurogenic atrophy (28) to 
interstitial and perivascular fibrosis (3, 
29).
Interestingly, signs of microvascular 
damage such as digital ulcers, a late 
scleroderma pattern in the nailfold 
capillaroscopy (implying severe loss 
of capillaries with large avascular ar-
eas), and pulmonary hypertension were 
more prevalent in SSc patients without 
myopathy. Correspondingly, the ma-

jority of myositis patients had a normal 
nailfold capillaroscopy. Thus, our find-
ings support a previous observation by 
Bahnsing et al. who reported that 57% 
of their SSc cohort suffered from pul-
monary arterial hypertension, while 
none of their polymyositis-scleroder-
ma-overlap subjects did (30).
At the one-year follow-up, the active 
disease score as well as the prevalence 
of tendon friction rubs and elevated 
CK had decreased, potentially related 
to the prescribed immunosuppressive 
treatment. Moreover, muscle weak-

ness as well as muscle atrophy were 
less common after one year, an effect, 
which seems to support the added ben-
efit of physical therapy.
The antibody pattern represented in 
our study cohort is, with one excep-
tion, consistent with previous studies 
with a predominance of anti-PM-Scl 
and anti-U1nRNP antibodies and rar-
ity of RNA-Polymerase III antibodies 
in the SSc-myopathy patients (9, 12). 
However, in contradiction with earlier 
findings, ACA-antibodies were equally 
present in both cohorts, SSc patients 
with and without myopathy (6).
Although muscle weakness and re-
duced muscle endurance are features, 
which have a great impact on the eve-
ryday life as well as on the quality of 
life of SSc-myopathy patients (31), up 
to now there exist no standardised di-
agnostic tools, which enable their early 
recognition. This study is the first to 
analyse the muscle function of patients 
with SSc-associated myopathy in the 
clinical tests for muscle strength and 
endurance, i.e. MMT-8 and FI-2.
The total MMT-8 score revealed a 
comparably mild muscle weakness in 
the SSc-myopathy as well as in the my-
ositis patients without differences in 
the performance of individually tested 
muscle groups. However, even though 
the MMT-8 is a reliable and time ef-
ficient tool to assess general muscle 
weakness in patients with primary my-
ositis (16), the test has been described 
as being unable to differentiate be-
tween mild muscle weakness and nor-
mal muscle strength (32). Therefore, 
we hypothesise that the actual preva-
lence of muscle involvement in SSc 
might be higher than described in our 
study because mild muscle weakness 
might have remained undiscovered 
by the MMT-8. Since the MMT-8 has 
neither been evaluated in SSc patients 
with nor in SSc patients without associ-
ated myopathy, it remains unclear how 
skin fibrosis, concomitant contractures 
or arthritis, features that were present 
in our patient cohort, might addition-
ally affect the test results (33). Addi-
tional sources of measurement error 
may be linked to diurnal effects, sub-
ject comprehension of the testing task, 
motor skill, state of arousal, level of 

Table IV. Characteristics of patients with primary myositis at baseline.

Sex	
     Female	 26/35 	 (74.3)
     Male	 9/35 	 (25.7)
Age (years)	 59.0 	 (51.0, 65.0)
Diagnosis	
     Polymyositis	 9/35 	 (25.7)
     Dermatomyositis	 16/35 	 (45.7)
     Antisynthetase syndrome	 4/35 	 (11.4)
     Unclassified autoimmune myositis	 3/35 	 (8.6)
     Overlap-syndrome (polymyositis and Sjögren)	 1/35 	 (2.9)
     Associated myositis (Sjögren’s syndrome)	 1/35 	 (2.9)
     Associated myositis (Colitis ulcerosa)	 1/35 	 (2.9)
Nailfold capillaroscopy	
     normal	 13/24 	 (54.2)
     Organic microangiopathy (predominantly capillary loss)	 7/24 	 (29.2%)s
     Organic microangiopathy (predominantly dilated vessels, 	 4/24 	 (16.7%)
          giant capillaries and microhaemorrhages)	
     CK (U/l)	 95.5 	 (59.3, 232.8)
     LDH elevation	 8/27 	 (29.6)
     AST elevation	 3/31 	 (9.7)
     ALT elevation	 3/30 	 (10.0)
     CRP elevation	 5/29 	 (17.2)
     ANA	 18/29 	 (62.1)
     Anti-Jo-1	 4/29 	 (13.8)
     Anti-PL-7	 0/29 	 (0)
     Anti-PL-12	 2/29 	 (6.9)
     Anti-EJ	 0/9 	 (0)
     Anti-OJ	 0/3 	 (0)
     Anti-SRP	 1/26 	 (3.8)
     Anti-Pm-Scl	 2/28 	 (7.1)
     Anti-Mi-2	 1/28 	 (3.6)
     Anti-Ku	 0/26 	 (0)
     Anti-U1-RNP	 0/25 	 (0)
     Anti-U3-RNP	 0/2 	 (0)
     Anti-SSA	 7/25 	 (28.0)
     Anti-SSB	 0/23 	 (0)
     Anti-Zo	 0/3 	 (0)
     Anti-SAE	 0/7 	 (0)
     Anti-KS	 0/2 	 (0)

For nominal variables, the absolute and relative frequencies are shown: n/total valid cases (%). Con-
tinuous variables are described as median and 1st, 3rd quartiles (Q1, Q3).
Data for some clinical and laboratory parameters were available for fewer patients than the total num-
ber of patients.
1Immunosuppressive treatment: prednisone, methotrexate, azathioprine, mycophenolate, rituximab, 
tacrolimus, hydroxychloroquine.
ACA: anticentromere antibodies; ALT: alanine aminotransferase; ANA: antinuclear antibodies; Anti-
HMGCR: anti-HMG-CoA-reductase antibodies; Anti-SAE: anti-small ubiquitin like modifier acti-
vating enzyme heterodimer antibody; Anti-SRP: anti-signal recognition particle; Anti-SSA: anti-Ro 
antibodies; Anti-SSB: anti-La antibodies; Anti-U3-RNP: anti-Fibrillarin antibodies; AST: aspartate 
aminotransferase; CK: creatine kinase; CRP: C reactive protein; LDH: lactate dehydrogenase.
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motivation, and difference in stature 
relative to the tester (34). Our prelimi-
nary results raise doubts regarding the 
suitability of the MMT-8 as an appro-
priate tool for diagnosis and follow-up 
in SSc-myopathy patients.
The FI-2 is a validated and reliable 
outcome measure of impairment of 
muscle endurance for patients with 
poly- and dermatomyositis exhibiting 
neither floor nor ceiling effects (15). 
In our cohort, this test revealed a ma-
jor impairment of muscle endurance 
in myopathy as well as in myositis pa-
tients. Having in mind the mild mus-
cle weakness detected by the MMT-8, 
we deduce that muscle endurance de-
creases before muscle strength does. 
Interestingly, different muscle groups 
seemed be involved in the SSc-myopa-
thy and the myositis group. Especially 
the distal musculature of the legs and 
the neck musculature seemed to be 

affected in SSc-associated myopathy 
while the thigh and the hip muscles as 
well as the neck musculature seem to 
be primarily affected in patients with 
primary myositis. However, as differ-
ent factors such as joint contractures, 
joint synovitis and skin thickening are 
also likely to affect the performance 
of SSc-myopathy patients, it remains 
unclear, to what extent SSc-myopathy 
patients performed worse due to mus-
cle affection and to what extent their 
performance was limited because of 
other disease symptoms. Moreover, a 
limitation of muscle endurance of the 
SSc-myopathy and the myositis cohort 
due to respiratory and cardiac impair-
ment as well as deconditioning in the 
context of chronic disease cannot be 
excluded. In an attempt to simplify the 
time-consuming FI-2, the exam has 
been cut down to 5 tasks inventing the 
FI-3, which has been described as an 

efficient and valid method for assess-
ment of muscle endurance in patients 
with dermato- and polymyositis (35).
As already described above, 6 of the 16 
patients of the SSc-myopathy cohort, 
who had undergone MRI, showed signs 
of muscle affection in the MRI. Inter-
estingly, the shoulder girdle as well as 
the musculature of the proximal legs 
were the predominant location of mus-
cle affection detected in the MRI. How-
ever, the distal musculature including 

Table V. MMT-8 and FI-2.
	 		
Characteristics	 SSc patients with 	 Patients with primary	 p-value
	 myopathy (n=34)	 myositis (n=35)	

Sex			 
     Female	 25/34 	(73.5)	 26/35 	(74.3)	 -
     Male	 9/34 	(26.5)	 9/35 	(25.7)	 -
Age (years)	 58.0 	(48.7, 69.5)	 59.0 	(51.0, 65.0)	 -
MMT-8 (x/10)			 
     M. deltoideus	 9.0 	(7.0, 10.0; n=34)	 9.0 	(8.0, 10.0; n=35)	 0.865
     M. biceps	 9.0 	(9.0, 10.0; n=33)	 10.0 	(10.0, 10.0; n=35)	 0.015
     Wrist extensors	 9.0 	(8.0, 10.0; n=31)	 10.0 	(9.00, 10.0; n=35)	 0.579
     M. quadriceps	 10.0 	(9.0, 10.0; n=33)	 10.0 	(9.0, 10.0; n=365	 0.778
     Ankle dorsiflexors	 10.0 	(9.0, 10.0; n=33)	 10.0 	(10.0, 10.0; n=35)	 0.222
     Neck flexors	 8.0 	(7.0, 10.0; n=33)	 9.0 	(7.0, 10.0; n=35)	 0.443
     M. gluteus medius	 8.0 	(7.0, 10.0; n=34)	 9.0 	(6.0, 9.0; n=35)	 0.881
     M. gluteus maximus	 8.0 	(6.0, 9.0; n=33)	 8.0 	(6.0, 9.0; n=35)	 0.806
     MMT-8 Total Score (x/80)	 66.5 	(61.0, 77.0; n=34)	 72.0 	(67.0, 76.0; n=35)	 0.134
FI-2: Repetitions (%)			 
     Shoulder flexion	 42.0 	(23.0, 60.0; n=31)	 38.3 	(13.3, 98.3; n=35)	 0.967
     Shoulder abduction	 37.0 	(22.0, 62.0; n=31)	 46.7 	(18.3, 100.0; n=36)	 0.549
     Head lift	 25.0 	(12.0, 33.0; n=31)	 20.0 	(8.3, 41.7; n=35)	 0.856
     Hip flexion	 32.0 	(17.0, 50.0; n=31)	 21.7 	(8.3, 41.7; n=35)	 0.117
     Step test	 43.5 	(11.5, 81.5; n=30)	 20.0 	(6.3, 64.1; n=34)	 0.243
     Heel lift	 27.0 	(17.0, 52.0; n=31)	 39.6 	(25.6, 64.6; n=34)	 0.081
     Toe lift	 23.0 	(6.5, 36.0; n=29)	 31.3 	(15.0, 51.0; n=34)	 0.097
FI-2: Muscle exertion Borg CR10 ¹			 
     Shoulder flexion	 4.5 	(4.0, 5.8; n=28)	 5.0 	(2.5, 7.0; n=33)	 -
     Shoulder abduction	 5.0 	(4.0, 5.5; n=29)	 4.5 	(1.5, 7.0; n=33)	 -
     Head lift	 5.0 	(4.0, 6.8; n=28)	 5.0 	(4.0, 7.0; n=32)	 -
     Hip flexion	 4.3 	(3.0, 5.0; n=30)	 5.0 	(4.0, 7.0; n=34)	 -
     Step test	 4.0 	(2.0. 5.0; n=26)	 4.4 	(2.0, 7.0; n=32)	 -
     Heel lift	 4.0 	(3.0, 5.0; n=28)	 4.0 	(3.0, 5.5; n=33)	 -
     Toe lift	 4.0 	(2.0, 6.0; n=24)	 5.0 	(3.0, 7.0; n=33)	 -

For nominal variables, the absolute and relative frequencies are shown: n/total valid cases (%).
Continuous variables are described as median and 1st, 3rd quartiles (Q1, Q3).
Data for some clinical parameters were available for fewer patients than the total number of patients 
in the respective group.
MMT-8: manual muscle testing; FI-2: functional index-2.

Fig. 1. Whole body MRI of a male patient with 
SSc-myopathy.
Bilateral presence of myositis M. deltoideus, M. 
triceps brachii, hand musculature, M. quadriceps 
(left > right), calf musculature (in particular ex-
tensor muscles).
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the musculature of the distal legs and 
of the hands was affected as well in two 
patients. The predominant affection of 
the proximal leg musculature in the 
MRI is in contrast with the results of the 
FI-2 of the SSc-patients, in which the 
performance of distal leg musculature 
was particularly affected. A possible 
explanation for this discrepancy could 
be the presence of joint synovitis, joint 
contractures and skin thickening in 
SSc-myopathy patients contributing to 
a bad muscle performance. Given that 
these findings are based on a limited 
number of patients, the results of these 
analyses should be treated with caution. 
Presently, only few studies about mus-
culoskeletal involvement in patients 
with SSc are available. Boutry et al. 
examined MRI findings of SSc patients 
with musculoskeletal involvement and 
illustrated cases with abnormalities of 
the thigh musculature as well as inflam-
matory synovitis of the wrist and ac-
roosteolysis of the distal phalanx (36). 
Compatible with the MRI findings in 
our cohort, Schanz et al. found that 8/18 
SSc patients showed the most severe 
muscle affection seen in MRI scans in 
the lower legs (37). These data suggest 
that for this disease entity, whole-body 
MRI may be more accurate to capture 
muscle involvement instead of the com-
mon practice of performing only MRI 
of the thighs.
An alternative test used to assess mus-
cle weakness and function is hand-held 
dynamometry (HHD). HHD measures 
the peak isometric force generated 
from a single muscle group and has 
been proven to have good to excellent 
intra- and inter-rater reliability (16). 
According to Baschung et al., this test 
can be recommended to evaluate iso-
metric muscle strength of single mus-
cle groups in patients with myositis, 
whereas the MMT-8 should not be 
used to evaluate changes in single mus-
cle groups due to its insensitivity (16). 
HHD has also been used in SSc, exam-
ining knee extension and / or handgrip 
strength and linking it with the degree 
of functional disability (31, 38). Hand-
grip and knee extension strength as-
sessed by HHD have been shown to be 
remarkably impaired in SSc patients 
with sarcopenia compared to SSc pa-

tients without sarcopenia (38). On the 
other hand, Pettersson et al. assessed 
muscle strength of the lower extremi-
ties in SSc patients by the timed-stands 
test, which measures the time needed to 
complete 10 full stands from a sitting 
position on a 46 cm high chair without 
using the arms (39). In his analysis, 
SSc patients showed a reduced muscle 
strength of the lower extremities. How-
ever, a disadvantage of this test is that 
it evaluates only the muscle strength of 
the proximal lower extremity.
Our retrospective study showed that 
the assessment of muscle involvement 
in SSc by functional tests established 
for primary myositis has limitations. 
Given the multi-organ disease char-
acter, confounders such as skin, joint, 
cardiovascular involvement should be 
taken into account when performing 
functional tests. Furthermore, the re-
sults of the FI-2 and the whole body-
MRI suggest that different muscle 
groups can be affected in SSc-myo-
pathy and primary myositis patients. 
Whole body-MRI might therefore be 
superior to assessing only the thighs, as 
commonly practiced when screening 
for primary myositis, to accurately cap-
ture the disease extent of patients with 
SSc-myopathy. CK elevation might be 
a supporting factor in establishing the 
diagnosis, however, potentially due to 
lower body mass and lower physical 
activity or differences in disease pa-
thology, CK levels in our subjects were 
in the lower range. Therefore, low or 
normal CK levels might not necessar-
ily exclude an underlying myopathy in 
SSc. The improvement of overall dis-
ease activity, muscle-related features 
and cardiac manifestations at one-year 
follow-up might point towards a ben-
efit of immunosuppressive and physi-
cal therapy. In comparison to previous 
studies, anti-centromere-positivity oc-
curred in patients with SSc-myopathy 
although, interestingly, vascular com-
plications were much more prevalent 
in the non-myopathy cohort.
Given the heterogeneity of patients 
with SSc-myopathy, larger cohorts 
such as the EUSTAR-SCTC cohort 
will be able to provide answers that are 
more conclusive and to drive the pro-
cess of consensus diagnostic criteria.
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