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ABSTRACT

Polymyositis and dermatomyositis are
chronic inflammatory muscle disorders
with frequent involvement of other or-
gans hence outcome measures should
include these different aspects of dis-
ease. Muscle strength and muscle en-
durance are the most specific clinical
features that should be assessed during
treatment and longitudinal follow-up.
Extramuscular involvement should also
be assessed. An international, interdis-
ciplinary network, the International
Myositis Assessment Clinical Study
Group (IMACS) has proposed a core
set of outcome measures to assess three
dimensions of myositis disease; disease
activity (MYOACT), disease damage
(MYODAM) and health related qual-
ity of life (SF-36) to be used in clini-
cal trials. These include scoring of ex-
tramuscular involvement (skin, lungs,
articular, cardiac, gastro-intestinal
tract) in both the disease activity and
damage scores. In the disease activity
score, muscle strength is measured by
the manual muscle test (MMT)- 8, this
could easily be used in clinical prac-
tice. Other myositis specific outcome
measures are the Functional Index of
myositis (FI) — 2 to measure muscle en-
durance and a questionnaire, the Myo-
sitis Activities Profile (MAP) to meas-
ure patient perspective. A close collab-
oration between physicians, physical
and occupational therapists and spe-
cialized nurses is of great value in care
and disease assessment of patients with
polymyositis and dermatomyositis.

Introduction

Polymyositis and dermatomyositis are
chronic inflammatory disorders whose
predominating symptoms involve the
striated muscles, although other or-
gans may be affected as well, which
underlines the fact that these are sys-
temic inflammatory connective tissue
diseases. In addition to skin involve-
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ment in dermatomyositis, organs that
may become involved in both poly-
myositis and dermatomyositis are the
lungs, joints, gastrointestinal system
and heart. Therefore, like in systemic
lupus erythematosus (SLE) and vas-
culitis, outcome measures should take
into account these different aspects of
the disease.

Pharmacological treatment is based on
high doses of glucocorticoids in combi-
nation with other immunosuppressives,
the most common being azathioprine or
methotrexate (1). In recent years it has
become evident that combining immu-
nosuppressive treatment with exercise
leads to additional positive effects on
clinical outcome (2-7). Most patients
respond at least partially to the current
treatment regimens, but many are left
with some degree of muscle impair-
ment. Disease flares may occur while
tapering or after stopping immunosup-
pressive treatment. Thus careful fol-
low-up is important and should include
outcome measures that can distinguish
whether the clinical manifestations are
the result of disease activity or dam-
age, caused either by the disease or its
treatment.

The diagnosis of polymyositis and der-
matomyositis is based on clinical mani-
festations and laboratory variables that
reflect muscle inflammation and mus-
cle damage. Typical clinical manifesta-
tions are slowly progressive, symmetric
weakness and reduced muscle endur-
ance. The most frequently involved
muscles are proximal muscle groups:
neck, shoulder and pelvic muscle.
Serum levels of muscle enzymes — in-
cluding creatine phosphokinase (CK),
lactate dehydrogenase (LD), aspartate
and alanine aminotransferases (AST
and ALT), and aldolase — are elevated in
most cases, although normal enzymes
do not exclude a diagnosis of myositis.
However, high serum muscle enzymes
are not specific, and other signs of my-
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opathy are required for the diagnosis,
such as a myopathic electromyogram
(EMG) and/or positive muscle biopsy
with inflammation and regenerating or
degenerating fibers (8, 9). Expression
of major histocompatibility complex
(MHC) class I on muscle fibers has re-
cently been demonstrated to be helpful
in the diagnosis, although it is not spe-
cific for myositis (10) .

A muscle biopsy is important not only
to demonstrate signs of inflammation
but also to exclude other myopathies
such as muscle dystrophies and meta-
bolic myopathies. Magnetic resonance
imaging (MRI) is useful, and in patients
with skin rash typical of dermatomy-
ositis may be sufficient to verify mus-
cle inflammation. However, muscle in-
flammation on MRI is not specific for
myositis and cannot replace the muscle
biopsy in patients with polymyositis.
Furthermore, the sensitivity of MRI
compared to muscle biopsies has not
been clarified. Nonetheless, MRI can
serve as a useful guide to site(s) for
muscle biopsy (11, 12).

Autoantibodies may be helpful in the
differential diagnosis from other, non-
autoimmune myopathies, and are present
in approximately 70% of patients with
polymyositis or dermatomyositis (13,
14). Some are specific for myositis, the
so-called myositis-specific autoantibod-
ies (MSA) of which anti-Jo-1 autoan-
tibodies are the most frequent, being
present in 20-35% of myositis patients
(13, 15). Anti-Jo-1 autoantibodies are di-
rected against histidyl-tRNA synthetase,
a tRNA-synthetase. Other MSAs include
autoantibodies directed against other
tRNA-synthetases [threonine (anti-PL-
7), alanine (anti-PL-12), glycine (anti-
EJ), asparagine (KS) and isoleucine
(anti-OJ)] as well as anti-Mi-2, anti-SRP
and the recently reported anti-p155 kD
autoantibodies (16). Routine clinical
tests for the most recent MSAs are lack-
ing at the present time, but may prove to
be of value in advancing our understand-
ing of the pathogenesis of the diseases
and the development of new treatments.
Some of the diagnostic tools for poly-
myositis and dermatomyositis could
also be useful as outcome measures,
beginning with the instruments de-
signed to measure muscle strength and

endurance (see below). Serum levels of
muscle enzymes can be easily meas-
ured, but are not always helpful as out-
come measures because they may not
always correlate with disease activity
or muscle performance. EMG may not
be readily available, is often painful,
and its sensitivity to change is unclear.
Repeat muscle biopsies may be of value
to re-evaluate the diagnosis in patients
who fail to respond to treatment, but
otherwise are not needed, nor are they
appropriate for use in clinical practice
due to their invasiveness. Some autoan-
tibodies correlate with disease activity,
such as anti-DNA in SLE. Among the
autoantibodies found in patients with
myositis, the anti-Jo-1 autoantibodies
may be of special interest as occasional
case reports suggest that anti-Jo-1 may
fluctuate with disease activity, although
this remains to be confirmed. Finally,
MRI signals in muscle tissue fluctuate
over time and seem to follow disease
activity, but have several limitations
that are discussed below. Therefore,
the tools used to confirm the diagno-
sis of polymyositis or dermatomyosi-
tis are not ideal as outcome measures.
Furthermore, they do not take into ac-
count patient preferences.

Disease-specific quality indicators

Muscle strength and muscle endur-
ance are the most specific clinical fea-
tures that should be assessed during
treatment and longitudinal follow-up
(Table I). Furthermore, extra-muscular
involvement, including skin changes
(17), should be evaluated. Interstitial

Table 1. Disease-specific quality indicators
for inflammatory myopathies.

A. Impairment
Muscle endurance (FI, FI-2) (30, 33)
Muscle strength (MMT) (19)
Serum levels of muscle enzymes CK, LD
Skin score (17)
Pulmonary function tests
Myositis disease activity core set (19, 20)
Mpyositis disease damage score (MYODAM)
(19, 20)
Magnetic resonance imaging (MRI) of skel-
etal muscle

B. Activity limitation and participation restric-
tion
Myositis Activities Profile (MAP) (37)
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Table II. Myositis Disease Activity Core
Set (19, 20).

Physician’s overall assessment of disease activ-
ity on a visual analogue scale (VAS)

Patient/parent overall assessment of disease ac-
tivity (VAS)

Functional assessment [Health assessment ques-
tionnaire (HAQ)]

Muscle strength testing [Manual muscle test
(MMT)]

Serum levels of at least 2 of 4 muscle enzymes
(CK, LD, AST, ALT)

Extra-muscular score [visual analogue scales to
assess myositis disease activity (MYOACT) or
the Myositis Intention to Treat Activity Index
(MITAX)] in which disease activity in seven or-
gan systems is recorded by the physician (gen-
eral symptoms, skin, joints, gastrointestinal tract,
pulmonary, heart and skeletal muscles)

CK: creatine kinase; LD: lactate dehydrogenase;
AST: aspartate aminotransferase; ALT: alanine
aminotransferase.

lung disease (ILD) is frequently seen
in both polymyositis and dermatomy-
ositis, and may have profound effects
on a patient’s physical activities and
quality of life (18). As the presence of
ILD could influence the prognosis and
choice of immunosuppressive treat-
ment, ILD should be screened for by
means of pulmonary function tests and
high resolution computerized tomogra-
phy (HRCT). These tools should also
be used as outcome measures of ILD
during treatment.

Outcome measures

Clinical and laboratory manifestations in
polymyositis and dermatomyositis may
be caused either by active inflammation
or organ damage. This was taken into
account when outcome measures for
myositis were developed recently by an
international, interdisciplinary network
— the International Myositis Assessment
Clinical Study IMACS) Group (19, 20).
Consensus was achieved by this group
on a core set of outcome measures de-
signed to assess three dimensions of
myositis disease — disease activity, dis-
ease damage, and health-related quality
of life — for use in clinical trials (19).
The myositis disease activity score is a
composite made up of six dimensions
(Table II). It was developed to include
basic, readily available measures for
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Table III. Clinical outcome measures for polymyositis and dermatomyositis based on the
International Classification of Functioning Disability and Health (ICF).

Impairment

Activity limitation/participation restriction

Muscle biopsy
MRI
MR-spect

Ultrasound

HAQ
MAP
MACTAR
SF-36

Laboratory parameters (CK, LD, AST, ALD, CRP, ESR)

Myositis: disease activity 6-item core set
MMT

FI
FI-2

MRI: Magnetic resonance imaging; MR-spect: Magnetic resonance spectroscopy; 6-item core set:
Patient’s and physician’s assessment of disease activity, MMT, HAQ, laboratory analysis and extra-
muscular involvement using the MITAX, MYOACT; MMT: Manual Muscle Test; FI: Functional Index;
FI-2: Functional Index-2; HAQ: Health Assessment Questionnaire; MAP: Myositis Activities Profile;
MACTAR: MacMAster Toronto Arthritis Patients Preference Questionnaire; SF-36: Short Form 36-

item questionnaire.

use in clinical trials. A definition of
“improvement” was also proposed —
improvement of 20% or more in 3 of 6
outcome measures, with no more than 2
variables worsening that cannot include
the manual muscle test (MMT) (21).
The myositis damage score,
MYODAM, is based on the SLE dis-
ease damage score and covers possible
damage caused either by disease or by
treatment and that has been present for
more than 6 months. Extra-muscular
dimensions (skin, lungs, articular, car-
diac, gastrointestinal tract) are all in-
cluded in the IMACS disease activity
and damage scores. The muscle score
in the IMACS disease activity measure
is the MMT. The generic SF-36 was
recommended to measure health-re-
lated quality of life.

These outcome measures have been
partially validated, but their sensitivity
to change still needs to be tested in lon-
gitudinal studies (22). Additional out-
come measures of muscle performance
have been developed for myositis and
are presented below. These may be use-
ful in clinical trials and some of them
also in clinical practice.

Clinical outcome measures

The International Classification of
Functioning Disability and Health (ICF)
was presented by the World Health
Organization (WHO) as a unified lan-
guage and framework to describe health
and health-related conditions (23). In

the ICF, health is described in terms of
bodily functions and structures, and ac-
tivity/participation under the umbrella
category “Functioning.” A health-re-
lated condition is described in terms of
impaired bodily functions and structure
(e.g., inflammatory infiltrates in muscle
and reduced muscle function) and activ-
ity limitation/participation restriction
(e.g., walking limitations and restricted
ability to participate in society) under
the umbrella term “Disability.” In this
review, clinical outcome measures will
be defined using ICF Disability termi-
nology (Table III).

The most frequently used outcome
measure of muscle performance in clin-
ical trials to date has been the MMT.
There are many versions, but the one
suggested for use in the disease activity
core set for myositis is the MMT subdi-
vided into eight muscle groups (MMT-
8). However, MMT-8 has been validat-
ed only for juvenile dermatomyositis
(JDM), and not for adult myositis. A
hand-held dynamometer and a compu-
terized test device to measure muscle
strength have also been used to assess
muscle function, i.e., isometric muscle
strength in patients with inflammatory
myopathies (24). There is a dearth of
information on the measuring proper-
ties of these instruments in the adult
inflammatory myopathy population,
however. The MMT and the hand-held
dynamometer are both easy to use in
the clinic, whereas the computerized
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device is very expensive and requires
trained personnel. Several clinical tri-
als have shown that these tools are
able to detect statistically significant
changes in muscle strength in patients
with inflammatory myopathies (2, 3,
6, 25-28). As many of our daily activi-
ties involve dynamic muscle action, it
could also be of interest to assess iso-
kinetic muscle strength using a compu-
terized device. However, this has been
undertaken in only one exercise study
involving a small number of patients
with inclusion body myositis, and did
not show significant changes in muscle
strength (29).

One limitation of the MMT and dy-
namic strength testing during an office
visit is that it does not fully evaluate
the effects that can accumulate over the
course of time, in which both fatigue
and weakness may contribute to create
significant problems in the activities of
daily life. This is partially addressed
in the first disease-specific impairment
measure for patients with polymyositis
and dermatomyositis, the Functional
Index (FI), which was designed to as-
sess muscle endurance with inter- and
intra-rater reliability (30). It was dis-
covered, however, that although the FI
was sensitive to change when measur-
ing outcome after exercise or medical
treatment (4, 5, 31, 32), it had some
floor and ceiling effects when evalu-
ating patients with mild to moderate
impairment (4, 5). Therefore, the FI
was further refined into the Functional
Index 2 (FI-2) (33). Tasks with the
most obvious ceiling effects were re-
moved and the number of repetitions
was increased for the remaining tasks,
leading to a 7-muscle group functional
test for muscle endurance. A 7-week
intensive exercise study showed the FI-
2 to be sensitive to change with good
inter- and intra-rater reliability (7).

In a study that compared isometric mus-
cle strength as measured by the MMT-8
with muscle endurance as measured by
the FI-2 in 60 adults with inflammatory
myopathies, patients overall showed
reduced muscle endurance, as demon-
strated by a mean maximal score of
23% on the FI-2 compared to a mean
maximal score of 96% on the MMT-8
(34). These results indicate the impor-
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tance of measuring both strength and
endurance when either screening for
myositis or assessing muscle impair-
ment following different interventions
(as outcome measures). One limitation
to the use of FI-2 in clinical practice
is that it may take up to 33 minutes to
complete depending on the patient. It
could therefore be performed instead
by a physical therapist before the pa-
tient sees the treating physician. To
save time in clinical trials or in clinical
practice, the FI-2 could also be meas-
ured on the dominant side of the body
only, thus reducing the time needed to
complete the test to a maximum of 20
minutes. In clinical practice the time
could be further reduced by testing a
specific combination of tasks depend-
ing on the distribution of muscle im-
pairment in the patient.

The Stanford Health Assessment
Questionnaire Disability Index (HAQ-
DI) (35) has been in use for many years
to assess patients with inflammatory
myopathies. The HAQ examines 20
activities divided into eight catego-
ries and offers many advantages. It is
a simple questionnaire that does not
take more than 10 minutes to com-
plete, and translated versions, cultur-
ally adapted and duly validated, exist
in many languages. However, the HAQ
was designed for arthritis patients and
while it has been validated for juvenile
dermatomyositis [using the Childhood
Health  Assessment Questionnaire
(CHAQ) (36)], such is not the case for
adult myositis. The HAQ has been used
in studies on the effect of exercise on
adult myositis patients and was found
to be sensitive to change following dif-
ferent interventions (2, 3, 6), but its
other measurement properties for adult
myositis are unknown.

To fill this gap the Myositis Activities
Profile (MAP) was developed (37).
Patients with adult polymyositis and
dermatomyositis (22) were asked to
rate the difficulty and the importance
of a vast number of activities from
the International Classification of Im-
pairments, Disabilities, and Handicaps
(ICIDH)-2 beta-2 draft (38), the pre-
vious version of the WHO ICFE. An
analysis of internal redundancy and
consistency was then performed, and

a 31-item questionnaire was generated.
Activities from all relevant domains of
the ICIDH were represented in one of
the four subscales or in one of the four
single items of the MAP. The correla-
tion of this instrument with the HAQ
was found to be moderate to good; it
correlated less well with measures of
impairment (muscle endurance and dis-
ease activity) and participation restric-
tion (global disease impact on general
well-being).

The MAP has been used in one exer-
cise study and was found to have lim-
ited sensitivity to change following
a 7-week intensive exercise regimen,
similar to the sensitivity of the HAQ.
The MAP was originally developed in
Swedish; it has since been translated
into American English and is currently
undergoing cultural adaptation for my-
ositis patients in the USA. The MAP
has introduced a significant new feature
— when completing the questionnaire,
the patient is asked to estimate not only
how difficult a given activity is to per-
form, but also the importance of this ac-
tivity in his or her daily life. The MAP
must be tested in future clinical trials
and exercise studies to further establish
its sensitivity to change and evaluate to
what extent patients are able to estimate
the difficulty and importance of the ac-
tivities included in the MAP.

Recently international collaborations
in the field of rheumatology (CARE
III and OMERACT) have identified
the need to include the patient’s per-
spective when assessing the clinical
outcome in arthritis care and valid
clinical measures of participation re-
striction (39, 40). In our opinion, this is
equally important in myositis care. The
McMaster Toronto Arthritis Patient
Preference Questionnaire (MACTAR)
was originally developed in Canada as
an arthritis-specific questionnaire (41).
It was later translated into Dutch and
modified into a semi-structured inter-
view (42). The MACTAR baseline and
MACTAR follow-up consist of ques-
tions divided into six different catego-
ries, including general health, quality
of life, physical function, and social
function, as well as the most impor-
tant daily activities requiring improve-
ment, where patients are encouraged
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to identify spontaneously at least five
activities that they want to improve.
The MACTAR has been translated
into Swedish and validated for patients
with adult polymyositis and dermato-
myositis by our research group (43).
It was found to have good content va-
lidity, correlating best to a participa-
tion restriction measure and less with
the measures of other constructs, and
showing good test-retest reliability.
The Swedish MACTAR is now being
used in an extensive exercise study
with myositis patients conducted at
the Karolinska University Hospital,
Stockholm, Sweden.

The generic SF-36 questionnaire (44)
has proven to be a valid and sensitive
tool for the assessment of perceived
health in patients with inflammatory
myopathies. In one study patients with
adult polymyositis and dermatomyosi-
tis were rated as having significantly
poorer health in all eight domains of the
SF-36 (45). The SF-36 was able to de-
tect significant improvement in several
domains following a 12-week home ex-
ercise program in patients with chronic
as well as recent-onset disease (4, 5).

Laboratory outcome measures

Muscle enzymes. Serum levels of mus-
cle enzymes — in particular, creatine
kinase (CK) and lactate dehydroge-
nase (LD) — are often used as outcome
measures. CK and LD are included as
one of the six variables in the IMACS
disease activity core set. Alone they
have limited value as outcome meas-
ures, because their levels do not nec-
essarily reflect muscle function or dis-
ease activity; i.e., a normal value does
not exclude persisting muscle inflam-
mation and conversely some patients
may have persisting elevated levels de-
spite clinical improvement. However,
in some patients muscle enzymes may
be a useful indicator of disease activity
and ongoing muscle damage.
Magnetic resonance imaging (MRI).
MRI of the skeletal muscles, using short
tau inversion recovery (STIR), is a non-
invasive tool that could be useful in clin-
ical practice. It can, for example, help to
guide biopsy sampling in the diagnostic
evaluation (11, 12). MRI may also be
used to monitor the effects of treatment;
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Table IV. General guidelines for outcome measures in patients with polymyositis or

dermatolmyositis.

Our recommendations are that:

e Patients with recent onset disease should be assessed using measures covering all levels of the ICF,
impairment and activity limitation and participation restriction, and this should be done at disease
onset, at 3, 6 and 12 months, and then at least once a year.

e The goal should be to use only valid and reliable clinical outcome measures for this group of pa-

tients.

e The ability of the 6-item core set (including MMT-8 and HAQ) and FI-2 to assess disease activity
in adult inflammatory myopathies needs to be further validated

e The MAP and the MACTAR are promising new outcome measures for activity limitation and par-
ticipation restriction in patients with polymyositis and dermatomyositis. These need to be further
validated and further translation and cultural adaptation is required.

A close collaboration between physicians, physical therapists, occupational therapists and specialized
nurses is of great value in patient care and in the disease assessment of patients with inflammatory

myopathies.

ICF: International Classification of Functioning, Disability and Health; MMT-8: Manual muscle test in
eight muscle groups; HAQ: Health Assessment Questionnaire; FI-2: Functional index 2; MAP: Myo-
sitis Activities Profile; MACTAR: MacMaster Toronto Arthritis Patients Preference Questionnaire.

although its sensitivity to change has not
been clarified, in a few longitudinal re-
ports decreased signals were recorded in
patients with clinical improvement (46).
Another limitation to the use of MRI is
its high cost and limited availability in
some hospitals and outpatient clinics
that follow myositis patients.

Magnetic  resonance  spectroscopy.
MR spectroscopy and phosphorus-31
proton MR spectroscopy constitute
promising, non-invasive tools that
could provide information pertinent to
outcome measures in terms of meta-
bolic changes in the muscle tissue. A
few limited studies demonstrated bio-
chemical changes that were correlated
with clinical improvement during treat-
ment (46, 47). Major drawbacks to the
use of MR spectroscopy as an outcome
measure today are its limited availabil-
ity (particularly with regard to proton
MR spectroscopy, which requires an-
other, more powerful magnet), and the
fact that it has only been validated to
a limited extent against other outcome
measures.

Ultrasound. Ultrasound machines are
widely available and are being increas-
ingly used by rheumatologists to inves-
tigate synovial tissue inflammation. To
date, there is only limited data on the
use of ultrasound studies of muscle tis-
sue as an outcome measure in patients
with inflammatory myopathies. The re-

cent introduction of contrast-enhanced
ultrasound makes it possible to deter-
mine blood flow in muscle vessels.
Ultrasound therefore could be used as
an outcome measure to determine the
degree of inflammation. Reduced blood
flow was seen on ultrasound after im-
munosuppressive treatment in patients
with polymyositis or dermatomyositis
who had improved muscle strength and
decreased CK (48). This interesting ob-
servation must be confirmed in larger
cohorts.

Guidelines

Our recommendations concerning
guidelines for outcome measures in pa-
tients with myositis are summarized in
Table V. We suggest using IMACS’s
proposed Clinical Outcome Measures
in clinical trials on patients with in-
flammatory myopathies (Table IV).
The feasibility of outcome measures in
clinical practice needs to be tested, but
we propose their use until simpler out-
come measures have been developed
and validated. In addition, the FI-2
could be helpful when screening new
patients with signs and symptoms of
myositis, and as an outcome measure
during follow-up. MAP and MACTAR
are promising activity limitation/par-
ticipation restriction measures, both of
which take into account the patient’s
perspective. However, all of these in-
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struments require further validation,
and the goal should be to use only valid
and reliable clinical outcome measures.

Conclusion

In clinical practice, patients with sus-
pected myositis should undergo thor-
ough investigations before a diagnosis
is made. When the diagnosis is con-
firmed, measures of disease activity,
performance and health-related qual-
ity of life should be applied. We also
believe that during follow-up patients
should be monitored systematically,
using clinical outcome measures as
proposed by IMACS, preferably after
3, 6 and 12 months and yearly thereaf-
ter, until simpler tests have been devel-
oped and validated. In addition, based
on our clinical experience it is of great
importance that patients with inflam-
matory myopathies be followed by a
professional, multi-disciplinary team
to measure and minimize disability on
all ICF levels.
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