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xercise Therapy and Other Types of Physical Therapy for
atients With Neuromuscular Diseases: A Systematic Review

dith H. Cup, MSc, OT, Allan J. Pieterse, PT, Jessica M. ten Broek-Pastoor, MSc, PT,
arten Munneke, PhD, PT, Baziel G. van Engelen, MD, PhD, Henk T. Hendricks, MD, PhD,

ert J. van der Wilt, PhD, Rob A. Oostendorp, PhD, PT
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ABSTRACT. Cup EH, Pieterse AJ, ten Broek-Pastoor JM,
unneke M, van Engelen BG, Hendricks HT, van der Wilt GJ,
ostendorp RA. Exercise therapy and other types of physical

herapy for patients with neuromuscular diseases: a systematic
eview. Arch Phys Med Rehabil 2007;88:1452-64.

Objective: To summarize and critically appraise the avail-
ble evidence on exercise therapy and other types of physical
herapies for patients with neuromuscular diseases (NMD).

Data Sources: Cochrane Central Register of Controlled
rials and Cochrane Database of Systematic Reviews, Med-

ine, CINAHL, EMBASE (Rehabilitation and Physical Medi-
ine), and reference lists of reviews and articles.

Study Selection: Randomized clinical trials (RCTs), con-
rolled clinical trials (CCTs), and other designs were included.
tudy participants had to have any of the following types of
MD: motoneuron diseases, disorders of the motor nerve roots
r peripheral nerves, neuromuscular transmission disorders, or
uscle diseases. All types of exercise therapy and other phys-

cal therapy modalities were included. Outcome measures had
o be at the level of body functions, activities, or participation
ccording to the definitions of the International Classification
f Functioning, Disability and Health (ICF).
Data Extraction: Two reviewers independently decided on

nclusion or exclusion of articles and rated the methodologic
uality of the studies included. All RCTs, CCTs, and other
esigns only if of sufficient methodologic quality were in-
luded in a best evidence synthesis. A level of evidence was
ttributed for each subgroup of NMD and each type of
ntervention.

Data Synthesis: Initially 58 studies were included: 12
CTs, 5 CCTs, and 41 other designs. After methodologic
ssessment, 19 other designs were excluded from further anal-
sis. There is level II evidence (“likely to be effective”) for
trengthening exercises in combination with aerobic exercises
or patients with muscle disorders. Level III evidence (“indi-
ations of effectiveness”) was found for aerobic exercises in
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No commercial party having a direct financial interest in the results of the research
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cal Centre, Rehabilitation/Allied Health Care 897, PO Box 9101, 6500 HB Nijme-
en, The Netherlands, e-mail: e.cup@pmd.umcn.nl.
p
0003-9993/07/8811-00214$32.00/0
doi:10.1016/j.apmr.2007.07.024
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atients with muscle disorders and for the combination of
uscle strengthening and aerobic exercises in a heterogeneous

roup of muscle disorders. Finally, there is level III evidence
or breathing exercises for patients with myasthenia gravis and
or patients with myotonic muscular dystrophy. Adverse ef-
ects of exercise therapy were negligible.

Conclusions: The available evidence is limited, but relevant
or clinicians. Future studies should be preferably multicen-
ered, and use an international classification of the variables of
xercise therapy and an ICF core set for NMD in order to
mprove comparability of results.

Key Words: Exercise therapy; Neuromuscular diseases;
hysical therapy modalities; Rehabilitation; Review literature.
© 2007 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

EUROMUSCULAR DISEASES (NMD) represent a
heterogeneous group of disorders, including motoneuron

iseases, disorders of motor nerve roots or peripheral nerves,
euromuscular transmission disorders, and muscle diseases.1,2

he progression of the diseases varies considerably. The def-
cits can range from muscle weakness, sensory loss, pain,
atigue, and autonomic dysfunction in varying combinations.
hese deficits combine to lead to impairments of musculoskel-
tal and sensory functions, limitations in activities, and restric-
ions in participation.2

There are approximately 600 different NMDs with great
ariety in referral to physical therapy (PT).3 There is no con-
ensus regarding the type and intensity of PT.4 PT often in-
ludes exercise therapy to improve or preserve muscle function
strength, endurance) and aerobic capacity to prevent or reduce
econdary problems such as contractures, pain, or fatigue.2,4

he benefits or injurious effects of exercises in NMD are
nclear, and this uncertainty is particularly pertinent when the
onsideration of the “appropriate” level of intensity is ad-
ressed.5-11

Three Cochrane systematic reviews thus far focused on 1
ype of NMD or a specific type of exercise therapy and were
estricted to randomized clinical trials (RCTs) or controlled
linical trials (CCTs). In their Cochrane review on muscle
trength training and aerobic exercise training for patients with
uscle diseases, van der Kooi et al12 concluded that moderate-

ntensity strength training in myotonic dystrophy and fa-
ioscapulohumeral muscular dystrophy appeared not to be
armful, but there was insufficient evidence to establish its
enefit. This conclusion was based on 2 RCTs.13,14 White et
l15 did a Cochrane review on exercise therapy for people with
eripheral neuropathy and concluded that there is insufficient
vidence to evaluate the effect of exercise therapy on func-
ional ability in people with this condition. This was based on

RCT,13 which was also included in the review by van der
ooi.12 Ashworth et al,16 reviewing treatment for spasticity in

atients with amyotrophic lateral sclerosis (ALS), concluded
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1453EXERCISE THERAPY FOR NEUROMUSCULAR DISEASES, Cup
hat the available evidence was insufficient to determine
hether individualized exercises for muscle endurance of the

runk and limbs with moderate intensity are beneficial or harm-
ul for these patients. The conclusion was also based on 1
ingle RCT performed.17

When RCTs are scarce, evidence from nonrandomized stud-
es and other designs, such as pre-post studies or case-control
tudies, may be particularly relevant.18 There are previous
eviews on exercise therapy for patients with NMD,9,10 includ-
ng other designs. However, these reviews lack a systematic
pproach.

Our aim here is to summarize and critically appraise the
vailable evidence on exercise therapy and other modalities of
hysical therapies for patients with NMD to support neurolo-
ists, physicians, and physical therapists in their clinical deci-
ion-making for the individual patient with NMD. We con-
ucted a comprehensive systematic review, including RCTs,
CTs, and other designs, all types of exercise and PT and all

ypes of NMD.

METHODS

earch Strategy
We searched in the Cochrane Central Register of Controlled

rials (Cochrane Library 2005, Issue 3), Ovid Medline In-
rocess & Other Non-Indexed Citations and Ovid Medline
1966 through September 2005), CINAHL WebSPIRS 5.1
1982 through September 2005), and EMBASE WebSPIRS
.03 (Rehabilitation and Physical Medicine) (1995 through
eptember 2005). We also searched in the Cochrane Database
f Systematic Reviews to find articles indirectly by screening
eference lists. Further, potentially relevant publications were
earched manually through citation and author tracking.

Our broad search strategy was built on the following com-
onents: (1) RCTs and CCTs as recommended by the Cochrane
euromuscular Disease Group; (2) other designs, such as pre-
ost designs; (3) types of NMD; and (4) PT modalities. For all
earch strategies Medical Subject Headings (MeSH) or indexed
erms were used as well as free-text words. The full search
trategy is available on request from the corresponding author.

election Criteria
Inclusion was restricted to articles with an abstract, and

anguage had to be English, German, French, or Dutch. The
ollowing study designs were included: RCTs, CCTs, and other
esigns such as pre-post studies. Case studies were excluded.
Participants included adults having one of the following

ypes of NMD: (1) motoneuron diseases; (2) motor nerve root
nd peripheral nerve disorders; (3) neuromuscular transmission
isorders; or (4) muscle disorders. Excluded were children or
dolescents (�18y) with Duchenne’s muscular dystrophy, spi-
al muscular atrophy, or Becker’s muscular dystrophy. Also,
atients having signs and symptoms of muscle weakness, pain,
r fatigue not related to specific NMD were excluded, as well
s diagnoses including chronic fatigue syndrome, spinal cord
njuries, thoracic outlet syndrome, reflex sympathetic dystro-
hy or complex regional pain syndrome, cancer, or acquired
mmune deficiency syndrome. Although often classified as
MD, diabetic neuropathies, and entrapment neuropathies

uch as carpal tunnel syndrome and radiculopathies were not
ncluded in this review.

Regarding the type of interventions, we included different
odalities of PT: (1) muscle strengthening exercises; (2) aer-

bic exercises; (3) breathing exercises; (4) other interventions

uch as relaxation techniques, exercises to improve mobility v
ncluding transfers and walking, functional electric stimulation,
ducation of the patient, family and caregivers; or (5) a com-
ination of these interventions. Comprehensive rehabilitation
rograms were excluded, because it is impossible to isolate the
ffectiveness of PT in such programs.

Outcome measures had to be at the level of body functions,
ctivities, or participation according to the definitions of the
nternational Classification of Functioning, Disability and
ealth (ICF).19 Outcome measures at the level of body func-

ions included measures for muscle strength or muscle endur-
nce, range of motion, aerobic capacity, pulmonary function,
espiration, pain, or fatigue. Excluded were measures for blood
ressure as well as blood parameters, such as lactate. Outcome
easures at the level of activities and participation included

ndices for walking and moving around, self-care, work and
mployment, domestic life, leisure, quality of life, or general
ealth.

rocedure for Inclusion
In all databases a preliminary selection, based on title and

bstract, was carried out by 2 reviewers (EHC, AJP) indepen-
ently. Studies that seemed to fit inclusion criteria were re-
rieved for more detailed evaluation (fig 1). In case of doubt,
he reviewers collaboratively decided on retrieval of the full
rticle.

Another pair of reviewers (EHC, JMB-P) independently
ecided on the inclusion or exclusion based on detailed infor-
ation in the full articles. If disagreements persisted, a third

eviewer (AJP) was consulted. The 2 reviewers (EHC, JMB-P)
lso independently scanned the reference lists of all articles and
eviews for additional articles. Additional articles fulfilling the
nclusion criteria, as well as relevant related articles and
eviews found during the process of hand searching were
etrieved for more detailed evaluation. Final inclusion or ex-
lusion of the articles was always based on independent as-
essments of 2 reviewers (EHC, JMB-P).

ethodologic Quality
The methodologic quality of the RCTs, CCTs, and other

esigns was rated using the list recommended by van Tulder et
l.20 The quality of the internal validity was scored with 11
riteria (random assignment, allocation concealed, care pro-
ider blinded, cointerventions standardized, compliance
70%, patient blinded, outcome assessor blinded, outcome
easures relevant, drop-out rate acceptable, timing of outcome

ssessment comparable, intention-to-treat analysis). Descrip-
ive quality was scored with 8 criteria (eligibility criteria,
imilarity of groups at baseline, interventions, adverse effects,
hort-term follow-up, long-term follow-up, sample size, point
stimates, measures of variability). All criteria were scored as
es, no, or unclear. Equal weight was given to all items. For the
ther designs, only the criteria that were applicable (7 criteria
or internal validity and 7 criteria for descriptive quality) were
sed.
RCTs and CCTs were considered to be of sufficient quality

f at least 6 of 11 criteria for internal validity and 4 of 8
escriptive criteria were scored positively. The other designs
ere considered to be of sufficient quality if at least 4 of 7

riteria for internal validity and 4 of 7 descriptive criteria were
cored positively. Two reviewers (EHC, JMB-P) independently
ated the methodologic quality of the trials. Disagreements
ere resolved by discussion.
We decided to exclude other designs of insufficient meth-

dologic quality from further analysis because of their lack of

alue for the best evidence synthesis.

Arch Phys Med Rehabil Vol 88, November 2007
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A

lassification of Included Studies
The studies were classified based on type of NMD and type

f intervention. For each study, the design, the methodologic
uality, the number of participants, the diagnosis, the exercise
ntensity, frequency and duration, and outcome was presented
table 1).

Studies comparing a group of patients with a reference group
f healthy persons were categorized as other designs. Also
tudies in which 1 side of the body was exercised and the
ontralateral side of the body served as control were treated as

Cit
mor

in

Reviews retrieved for
further screening

(n=16)

Additional reviews
retrieved for further

screening (n=19)

Selected for th
(n= 60 comp

Additional citations retrie
more detailed evaluat

in full article (n=27

N=18

Citations excluded with reasons (n=9):
- unable to retrieve (n=1) (Gross and
Meiner86)
- type of study did not meet criteria (n=1)
(Taivassalo et al87) type of participants
did not meet criteria (n=1) (Horber et
al88)
- type of intervention did not meet criteria
(n=6) (Ahlstrom et al89; Heim et al90;
Janiszewski et al91; Milner Brown and
Miller92; Sanjak et al93; Waring et al94)

Potentially relevant citat
on title and ab

(n=

Included in bes
(

Fig 1. Flowchart showing the selectio
ther designs. c

rch Phys Med Rehabil Vol 88, November 2007
The type of intervention was categorized into the different
odalities of PT: (1) muscle strengthening exercises; (2) aer-

bic exercises; (3) breathing exercises; (4) other interventions;
r (5) a combination of these modalities. For the different types
f exercise therapy, the intensity was described, if the article
rovided enough details.
We divided the outcome variables into 2 categories: 1 cat-

gory with outcome variables at the level of body functions and
second category including outcome variables at the level of

ctivities and participation. This is based on the corresponding

s retrieved for
iled evaluation
rticle (n=62)

matic review
58 studies)

Citations excluded (n= 5634)
Main reasons:
- type of study did not meet criteria
- type of participants did not meet criteria
- type of intervention did not meet criteria
- type of outcome measures did not meet
criteria

r Citations excluded with reasons (n=20):
- unable to retrieve (n=3) (Kelm et al95;
Kriz et al96; Toedebusch and
LaFontaine97)
- type of study did not meet criteria (n=4)
(Agre et al98; Dean and Ross99; Escalante
et al100; Hicks101)
- type of participants did not meet criteria
(n=4) (Koessler et al102; Richardson et
al103; Winkler et al104; Zupan et al105)
- type of intervention did not meet criteria
(n=9) (Agre and Rodriquez106; Ashton-
Miller et al107; Bakhtiary et al108; Heikkilä
et al109; Kilmer et al110; Moon et al111;
Nitz and Burke112; Varelas et al113;
Wenneberg et al114)

N=42

entified and screened
for retrieval

Other designs excluded
because of insufficient
methodological quality
(n=19)

ence synthesis
)

tudies for PT for patients with NMD.
ation
e deta
 full a
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rately. The aim was to present primary and secondary out-
omes for each study. However, only few studies defined
rimary and secondary outcome measures.14,21 We then de-
ided to include all outcome variables fulfilling the inclusion
riteria and considered them of equal importance. Within each
ategory (body functions or activities/participation, respec-
ively), the number of variables that showed a statistically
ignificant (P�.05) effect in a study was divided by the total
umber of outcome variables in the study. If presented in the
rticle, different subscales of an instrument were treated as
ifferent outcome variables. A study was considered to provide
vidence of effectiveness if more than half of the variables
howed a significant effect.

est Evidence Synthesis
The comprehensive scope of our review and the heteroge-

eity in patient populations, interventions, and outcome mea-
ures precludes quantitative analysis (meta-analysis) of the
ata. We used a best evidence synthesis based on a classifica-
ion of the Dutch Institute for Healthcare Improvement.22 The
ollowing levels of evidence were attributed based on the
ierarchy of evidence. Recommendations were formulated ac-
ordingly.

Level I evidence is based on (a systematic review of) at least
independent RCTs of sufficient methodologic quality and

eads to the conclusion: “It has been shown that. . . .” Level II
vidence is based on 1 good quality RCT or at least 2 inde-
endent controlled studies (RCTs or CCTs) of less method-
logic quality and leads to the conclusion: “It is likely
hat. . . .” Level III evidence is based on an RCT or CCT of low
ethodologic quality or at least 1 other design of sufficient
ethodologic quality. The conclusion is formulated as “There

re indications that. . . .” In case of inconsistent findings in
tudies of similar design and methodologic quality (studies
ith and without evidence), the conclusion is formulated as

There is insufficient evidence that. . . .” If studies showed
onsistent significant findings, a level of evidence was attrib-
ted for each subgroup of NMD and each type of intervention.

RESULTS

election of Studies
The search resulted in 5712 citations (see fig 1). Of these,

634 articles were excluded because the type of study, the
articipants, the intervention, or outcome measures did not
eet the predefined criteria.
The preliminary selection resulted in 62 articles and 16

eviews that were retrieved for more detailed evaluation. Cita-
ion tracking resulted in 19 additional reviews and 27 addi-
ional articles to be retrieved. The final selection resulted in a
otal of 60 articles, comprising 58 different studies, because 2
tudies were published twice.13,23-25 Among these studies were
2 RCTs, 5 CCTs, and 41 other designs.

ethodologic Quality
Five of 12 RCTs13,14,21,26,27 and 1 of 5 CCTs28 had sufficient
ethodologic quality (a score of �6/11 for internal validity

nd �4/8 for descriptive quality). Of the other designs, 22
tudies had sufficient methodologic quality (a score of �4/7 for
nternal validity and �4/7 for descriptive quality). Nineteen
ther designs had insufficient methodologic quality and were
xcluded from further analysis.29-47

Two RCTs17,48 had a lower score on the validity criteria than
e accepted from other designs.
Four RCTs48-51 and 4 CCTs28,52-54 presented only within-
roup analysis, but no between-groups comparisons. These P
tudies were treated as other designs in the best evidence
ynthesis.

The methodologic quality of all studies included in the best
vidence synthesis is presented in table 1.

est Evidence Synthesis
The best evidence synthesis is based on the information

resented in table 1. For each subgroup of NMD and each type
f intervention, the evidence is summarized.

otoneuron Disorders
Muscle strengthening exercises. Four RCTs17,48,50,55 and
other designs56-59 studied muscle strengthening exercises in
MD. None of the RCTs had sufficient methodologic quality.
ne RCT17 included patients with ALS and all other studies

ncluded patients with postpoliomyelitis syndrome (PPS).
The low quality RCT17 on muscle strengthening exercises in

atients with ALS reported significant findings in 1 of 8 vari-
bles on body functions and 1 of 4 variables on activities and
articipation. According to the criteria used in this review, this
mplies that there is insufficient evidence for the effectiveness
f muscle strengthening exercises for patients with ALS.
Three RCTs48,50,55 of insufficient methodologic quality and
other designs56-59 studied muscle strengthening exercises in

PS. The type and intensity of strengthening exercises and the
utcome variables differed in all studies. Although 4 studies (1
CT, 3 other designs) showed significant effects in most out-
ome variables at the level of body functions, the other 3
tudies (2 RCTs, 1 other design) resulted in insufficient evi-
ence of effectiveness. Hence, according to our criteria, there is
nsufficient evidence for the effectiveness of muscle strength-
ning exercises for patients with PPS.

Aerobic exercises. One RCT60 and 1 CCT,53 both of lim-
ted methodologic quality, studied the effectiveness of aerobic
xercise in PPS. The RCT showed a significant effect in 4 of 7
utcome variables in the category body functions. The CCT
howed no significant results in the between-groups analysis.
n the within-group analysis, significant results were found for

of 7 variables on body functions and in 1 of 2 variables on
ctivities and participation level. Our conclusion is that there is
nsufficient evidence for the effectiveness of aerobic exercises
or patients with PPS.

A combination of muscle strengthening and aerobic exer-
ises. One CCT61 of insufficient methodologic quality eval-
ated the combination of muscle strengthening exercises and
erobic exercises in patients with PPS. Three of 20 variables on
ody functions and none of the outcome variables on activities
nd participation showed a significant effect. Hence, there is
nsufficient evidence for the effectiveness of a combination of
uscle strengthening exercises and aerobic exercises for pa-

ients with PPS.
Lifestyle modification with or without muscle strengthen-

ng exercises. One study with a randomized parallel group
esign evaluated the effectiveness of lifestyle modification
lone and in combination with muscle strengthening exercise in
PS.50 The methodologic quality of the study was insufficient.
here was a significant effect in 1 of 5 variables on body

unctions in the group receiving the lifestyle modification. The
roup combining the 2 intervention strategies showed no sig-
ificant findings. In conclusion, there is insufficient evidence
or the effectiveness of lifestyle modification techniques, with
r without muscle strengthening exercises for patients with

PS.

Arch Phys Med Rehabil Vol 88, November 2007



1456 EXERCISE THERAPY FOR NEUROMUSCULAR DISEASES, Cup

A

Table 1: Classification of PT Studies in Type of NMD

Study Design V D N Diagnosis

Type of Intervention (type of exercises,
type of muscles, load, number of

repetitions, sets, progression)
Frequency and

Duration
Body

Functions
Activities/

Participation

1. Motoneuron disorders
Muscle strengthening exercises
Drory et al17 RCT† 3 7 25 ALS AROM exercises for muscles of limbs and

trunk against modest loads
Twice a day

15min for
12mo

1/8† 1/4†

Klein et al50 RCT* 4 4 29 PPS 3�5 AROM exercises for hip and knee
extensors against gravity. RPE 12�14,
increasing number of repetitions

Daily 30min for
16wk

2/5* NV

Prins et al55 RCT† 4 5 16 PPS Aquatic exercise: swimming and
exercises for arms and legs using fins
and paddles

3�/wk
45�70min for
8wk

7/39† NV

Chan et al48 RCT* 3 7 10 PPS 3 sets of eight 3�5s 50% MVC of thenar
muscle. If possible increase of 10% a
week until 70% MVC level

3�/wk for 12wk 2/2*� NV

Fillyaw
et al59

OD‡ 4 5 17 PPS Full AROM exercises for knee or elbow: 3
sets of 10 repetitions with weights. 1st
set weight of 50% of 10-RM; 2nd set
75% and 3rd set 100% of 10-RM. 10-RM
weight was evaluated every 2 weeks

Every other day
up to 2y

2/3� NV

Einarsson58 OD§ 4 7 12 PPS 12 sets of 8 maximal isokinetic knee
extensors contractions at 180°/s angular
speed interposed with 12 sets of
isolated 4-s isometric contractions

3�/wk (96s) for
6wk

5/7� NV

Agre et al56 OD 5 6 12 PPS 6 repetitions (30s each) of knee extension
with weight of 1�1.5kg until RPE 17 or
until 10 reps. If RPE �17 weight was
increased (.23 kg)

Every other day
up to 12wk

0/5 NV

Agre et al57 OD 5 6 7 PPS Tuesday and Friday: 3 sets of 12 reps
with ankle weights (1–1.5 kg). If RPE
�19, the weight increased (.23kg) the
next session. Monday and Thursday: 3
sets of 4 max effort isometric
quadriceps contractions (5s)

4d/wk for 12wk 6/6� NV

Aerobic exercises
Jones et al60 RCT† 5 7 37 PPS Cycle ergometer at intensity of 70%�75%

of HRR plus resting HR. Bouts of
2�5min, 1-min rest

3�/wk
15�30min for
16wk

4/7†� NV

Dean and
Ross53

CCT*† 4 6 20 PPS Treadmill walking at comfortable speed,
RPE �5 (somewhat heavy)

3�/wk
20�40min for
6wk

0/1†

2/7*
1/2*

Muscle strengthening and aerobic exercises
Willen et al61 CCT† 4 5 28 PPS Fitness in water: resistance and

endurance activities, balance, stretching
and relaxation, avoiding muscle fatigue

2�/wk 40min
for 8mo

3/20† 0/4†

Lifestyle modification
Klein et al50 RCT* 4 4 29 PPS Lifestyle modification to avoid shoulder

overuse
Monthly for

16wk
1/5* NV

Muscle strengthening exercise and lifestyle modification
Klein et al50 RCT* 4 4 29 PPS 3�5 AROM exercises for hip and knee

extensors against gravity, increasing
number of repetitions. RPE 12�14

Daily 30min for
16wk

0/5* NV

2. Motor nerve root disorders and peripheral nerve disorders
Muscle strengthening exercises
Lindeman

et al13,25
RCT† 6 7 29 HMSN Exercises of muscles of hip and knee.

Weeks 1�8: 3 sets of 25 repetitions of
60% of 1-RM; weeks 9�16: 3 sets of 15
repetitions of 70% of 1-RM; from week
18: 10 repetitions of 80% of 1-RM

3�/wk 30min
for 24wk

1/4† 1/6†

Chetlin
et al23,24

OD 5 6 20 HMSN 3 sets of varying repetitions for flexion
and extension at 40% to 50% MVIS for
knee and 20% to 30% MVIS for elbow.
Every 4 weeks, resistance increased.
Reps increased weekly from 4 to 6 to 8
to 10

Daily for 12wk 3/9 4/4�

Muscle strengthening and aerobic exercises
Ruhland and

Shields51
RCT* 4 5 28 CPN Exercises with Theraband with no

resistance and progressing to light and
medium resistance with 10 repetitions.
Aerobic conditioning at 60%�70% of
estimated maximal HR or “somewhat

Daily 20min for
6wk

2/4* 1/11*
hard” on Borg RPE Scale

rch Phys Med Rehabil Vol 88, November 2007
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Table 1 (Cont’d): Classification of PT Studies in Type of NMD

Study Design V D N Diagnosis

Type of Intervention (type of exercises,
type of muscles, load, number of

repetitions, sets, progression)
Frequency and

Duration
Body

Functions
Activities/

Participation

3. Neuromuscular transmission disorders
Breathing exercises
Fregonezi

et al26
RCT†* 6 6 27 MG Ten minutes of diaphragmatic breathing,

followed by 10-min interval-based
inspiratory muscle training and 10min
of pursed lips breathing. Initial load
20% of PImax, increased to 30% in
week 3, 45% in the fifth week, and 60%
in week 7.

3�/wk 45min
for 8wk

4/19†

10/19*�
1/9†

1/9*

4. Muscle disorders
Muscle strengthening exercises
Van der Kooi

et al14
RCT† 7 7 65 FSHD Dynamic and isometric exercises for

elbow flexors and ankle dorsiflexors,
weeks 1�8: 2 sets of 5�10 repetitions
with 10-RM weights, interspersed with
30s isometric exercise with 10-RM;
weeks 9�17: sets of 8 reps with 8-RM
weights; from week 18: 5 reps of 5-RM.

3�/wk for 52wk 2/12† 0/3†

Lindeman
et al13,25

RCT† 6 7 33 MMD Exercises of muscles of hip and knee.
Weeks 1�8: 3 sets of 25 reps of 60% of
1-RM; weeks 9�16: 3 sets of 15 reps of
70% of 1-RM; from week 18: 10 reps of
80% of 1-RM

3�/wk 30min
for 24wk

0/4† 0/6†

Belanger and
Noel52

CCT* 4 6 6 MMD (5)
LGD (1)

Maximal contractions of dorsiflexors and
plantarflexors with ankle exerciser. Two
sets of 10 MVC of 3�5s for dorsiflexors
and for plantarflexors

Daily for 4mo 0/2* 0/4*

Alexanderson
et al63

OD 6 6 11 PM (7)
DM (4)

Warming up. Exercises for shoulder
mobility and grip strength with a pulley
apparatus, exercises for quadriceps and
hip muscles, sit ups, and stretching. If
FI score �38 exercises with weights
(.25�2.0kg) were included. Also 15-min
walking at self-selected speed

5�/wk 15min
for 12wk

4/5� 3/8

Arnadottir
et al64

OD 6 5 7 sIBM Exercises for shoulder mobility with a
pulley apparatus, resistive exercises for
shoulder and hip muscles, quadriceps
and neck and trunk muscles. (10 reps of
each exercise); weight cuffs (.25�2.0kg)
depending on FI score (�38) and self-
paced walking (15min)

5�/wk for 12wk 0/3 NV

Aldehag
et al62

OD 6 6 5 MMD 1 Hand exercises with silicone-based putty
with isolated (1-2-3 sets of 3 reps or 1-
2-3 sets of 5 reps) and mass (1-2-3 sets
of 10 reps or 1-2-3 sets of 15 reps)
movements, starting with 1 set of 3–5
reps in isolated movements and 1 set
of 10�15 reps in mass movements.
Number of sets increased every 4
weeks. Stretching was also included

3�/wk 4min for
12wk

7/12� 3/4�

Sandin and
Jonsson65

OD 5 5 12 WM Hand exercises with silicone-based putty
with isolated (1-2-3 sets of 3 reps or 1-
2-3 sets of 5 reps) and mass (1-2-3 sets
of 10 reps or 1-2-3 sets of 15 reps)
movements, starting with 1 set of 3–5
reps in isolated movements and 1 set
of 10�15 reps in mass movements.
Number of sets increased every 4
weeks. Stretching was also included

3�/wk 45min
for 12wk

4/14 1/2

Tollbäck
et al66

OD‡ 4 6 9 MMD Maximal AROM exercises for knee
extensors with weights on an iron shoe
with increasing load. Week 1: 60% of
1-RM; week 2: 70% of 1-RM; thereafter
80% of 1-RM. 3 sets of 8 reps were
performed

3�/wk for 12wk 1/4 NV

Aerobic exercises
Taivassalo

et al70
OD§ 4 5 24 MM (14)

NMM (10)
Treadmill exercise 70% to 85% of HRR 3�4�/wk

20�30min for
8wk

2/2� 1/1�

Taivassalo
et al69

OD 5 5 10 MM Treadmill exercise at 60%�80% of HRR
Exercise until reaching the RPE of 15

(“hard”)

3�4�/wk
20�30min for
8wk

4/4� 1/1�

Taivassalo
et al71

OD 5 5 10 MM Cycling at 70%�80% of maximal HR 3�4�/wk
30�40min for
14wk

4/6� NV

Trenell
72

OD§ 5 5 10 MM Cycling at 70%�80% of maximal HR 3�/wk 30min 2/3� 1/1�
et al for 12wk

Arch Phys Med Rehabil Vol 88, November 2007
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Table 1 (Cont’d): Classification of PT Studies in Type of NMD

Study Design V D N Diagnosis

Type of Intervention (type of exercises,
type of muscles, load, number of

repetitions, sets, progression)
Frequency and

Duration
Body

Functions
Activities/

Participation

Haller et al67 OD 4 5 8 MD Cycling at 60%�70% of maximal HR 4�/wk
30�40min for
14wk

3/3� NV

Olsen et al68 OD 5 5 8 FSHD Cycling at 65% of V̇O2max 5�/wk 35min
for 12wk

2/2� NV

Sunnerhagen
et al73

OD 5 5 8 HM Cycling at 70% of maximal workload
Subjective workload with a target of 5

(Borg category scale with exponential
increments from 0�10)

5�/wk 30min
for 8wk

1/3 1/4

Muscle strengthening and aerobic exercises
Cejudo

et al49
RCT* 4 7 20 MM Cycling 30min at 70% of peak work rate;

and 3 dynamic isotonic arm weight
(50% 1-RM, repeated every 2wk) lifting
procedures through full ROM; shoulder
press (shoulder, upper back, arm
muscles), butterfly (pectoralis major)
and biceps curls (biceps brachii,
brachialis). Week 1 and 2: 1 set of
10�15 reps; next weeks: 2�3 sets

3�/wk 60min
for 12wk

13/18*� 2/4*

Wiesinger
et al27

RCT† 6 7 14 DM/PM Cycling: 3�5min warming up; resistance
increased until 60% of maximal HR.
Step aerobics 30min at different rate
levels adjusting load of exercises. Last
5min cooling down and stretching
exercises

First 2 weeks, 2�/wk; remaining 4 weeks,
3�/wk

2�3�/wk 60min
for 6wk

2/2†� 1/1†�

Wiesinger
et al54

CCT* 5 7 8 DM/PM Cycling: 3�5min warm-up; resistance
increased until 60% of maximal HR.
Step aerobics 30min at different rate
levels adjusting load of exercises. Last
5min, cooling down and stretching
exercises

First 2wk, 2�/wk; 4wk, 3�/wk; remaining
18wk, 1�/wk

1�3�/wk 60min
for 6mo

6/8*� 1/1*�

Muscle strengthening exercises, respiratory exercises and mud/massage/bath
Varju et al74 OD 4 5 21 DM/PM Assisted bending and stretching of all

joints; isotonic muscle training until
fatigue. Movements were repeated until
65%�70% of max reps, then rest for
3min. If muscles were too weak, a sling
was used.

Breathing exercises included instructions
how to put hands on abdomen and rib
cage and feeling and controlling
movements, mud/massage/bath

5�/wk
40�60min for
3wk

9/18 2/4

Breathing exercises
Ugalde

et al75
OD§ 4 5 11 MMD Pursed lips breathing as voluntary

expiratory blowing through partially
closed lips to create a resistance at the
mouth compared to matched volume
breathing (exhaling without pursing
lips) and tidal breathing (comfortable
breathing without pursing lips)

120s of each
breathing
condition

6/9� NV

5. Heterogeneous neuromuscular disorders
Strengthening exercises
Aitkens

et al76
OD‡§ 4 4 27 MMD (n�12)

HMSN (n�8)
LGD (n�3)
SMA (n�2)
FSHD (n�2)

Initially 3 sets of 4 reps with speed of 30/s
for knee extensor with ankle weights of
30% of max isometric knee extension
force; and also for elbow flexors with
weight of 10% of max elbow flexion
force. Also 3 sets of 4 reps for hand
grip exercises. Increasing resistance
and reps

3�/wk
15�20min for
12wk

7/11� NV

Kilmer et al77 OD‡§ 6 5 10 MMD (n�5)
LGD (n�3)
HMSN (n�2)

Knee extensors and elbow flexors with
ankle and wrist cuff weights, 1 set of 10
reps with 12-RM, gradually increasing
until 5 sets of 10 reps during 4d/wk.
After week 5, resistance was increased
by .45kg/wk (1lb/wk) if feasible. After

3�4�/wk for
12wk

3/10 NV
week 9, from 4 to 5 sets

rch Phys Med Rehabil Vol 88, November 2007
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otor Nerve Root Disorders and Peripheral Nerve
isorders
Muscle strengthening exercises. One RCT13 of sufficient
ethodologic quality studied the effect of muscle strengthen-

ng exercises for patients with hereditary motor and sensory
europathy (HMSN). Significant findings were found in 1 of 4
ariables on body functions and 1 of 6 variables on activities
nd participation.13,25 One other design23,24 showed significant
ndings in 3 of 9 variables on body function and all 4 variables
n activities and participation. Based on these findings, the
onclusion is that there is insufficient evidence for the effec-
iveness of muscle strengthening exercises in patients with
MSN.
A combination of muscle strengthening and aerobic exer-

ises. One RCT51 of insufficient methodologic quality stud-
ed the effectiveness of muscle strengthening and aerobic ex-
rcises in chronic peripheral neuropathy (CPN). There were
ignificant findings in 2 of 4 variables on body functions and in
of 11 variables on activities and participation. Our conclusion

s that there is insufficient evidence for the effectiveness of
trengthening exercises in combination with aerobic exercises
n patients with CPN.

euromuscular Transmission Disorders
Breathing exercises. One RCT with sufficient method-

Table 1 (Cont’d): Classificatio

Study Design V D N Diagnosis

Type of
type

rep

Aerobic exercises
Florence and

Hagberg28
CCT* 6 5 12 CCD (n�1)

NM (n�1)
MyM (n�1)
SMA (n�1)
CMD (n�2)
LGD (n�3)
CMT (n�2)
FSHD (n�1)

Cycling o
exercis
V̇O2max
continu

Wright
et al78

OD 4 5 11 MMD (n�7);
HMSN (n�3)
LGD (n�1)

Walking w
HRR

Weeks 1
20�30m
increas

Muscle strengthening and aerobic exercises
Dawes

et al21
RCT†* 7 6 18 Becker MD (n�4)

MMD (n�4)
PM (n�1)
FSHD (n�3)
IMB (n�1)
LGD (n�4)
CM (n�1)

Walking f
subject
20min,
modera
Two ex
endura
the num
until 2.
increas
resistan
repetiti

bbreviations: Activities/participation, number of variables at the level of activities o
ctivities or participation; AROM, active range of motion; Becker MD, Becker muscu
ignificant change divided by the total number of variables at the level of body fun
ongenital myopathy; CMD, congenital muscular dystrophy; CMT, Charcot-Marie-
ermatomyositis; FI, functional index in myositis; FSHD, facioscapulohumeral muscul
R, heart rate; HRR, heart rate reserve; IBM, inclusion body myositis; LGD, limb girdle
MD, myotonic muscular dystrophy; MVC, maximum voluntary contraction; MVIS, m

ncluded in the study; NM, nemaline myopathy; NMM, nonmetabolic myopathy; N
yndrome; reps, repetitions; RPE, rating of perceived exertion; sIBM, sporadic inclusio
1); V̇O2max, maximum oxygen uptake; WM, Welander myopathy; xRM, repeated m
Analysis within groups; †analysis between groups.
One side of the body randomly chosen for exercise, contralateral side of the body s
Comparison with a reference group of healthy subjects.
Results significant (P�.05) for more than half of the variables.
logic quality studied the effectiveness of inspiratory muscle b
raining and diaphragmatic breathing and pursed lips breathing
n patients with myasthenia gravis (MG).26 Four of 19 variables
n body functions and 1 of 9 variables on activities and
articipation showed a significant effect in the analysis be-
ween groups. The within-group analysis showed a significant
ffect in 10 of 19 variables on body function. If we consider
his study as another design, then the conclusion is that there
re indications for the effectiveness of breathing exercises in
atients with MG (level III evidence).

uscle Disorders
Muscle strengthening exercises. Two RCTs13,14,25 of suf-

cient methodologic quality, 1 CCT52 with insufficient meth-
dologic quality and 5 other designs62-66 studied strengthening
xercises for patients with muscle disorders. Different types of
uscle disorders and different muscle groups were studied.
here was also much variety in type and intensity of strength-
ning exercises and in the outcome variables. The RCTs and
CTs showed hardly significant findings, either at the level of
ody functions or at the level of activities and participation.
he findings of the other designs were inconsistent. In conclu-
ion, there is insufficient evidence for the effectiveness of
uscle strengthening exercises for patients with muscle

isorders.
Aerobic exercises. Seven other designs67-73 studied aero-

PT Studies in Type of NMD

ention (type of exercises,
scles, load, number of
s, sets, progression)

Frequency and
Duration

Body
Functions

Activities/
Participation

e ergometer 5-min
s, 2-min rest at 70% of
tance was adjusted to
icit 70% of V̇O2max

3�/wk for 12wk 3/5*� 0/2*

aining at HR of 50%�60%

3�/wk 15min; week 3:
eek 5–9 options to
ency to 4�/wk

3�4�/wk
15�20�30min
12wk

1/33 NV

long as possible at light
ercise intensity up to
ncrease toward a
nsity (Borg CR-10 scale).

s for each leg muscle
d core stability increasing
f repetitions and range
or each exercise. Then
ficulty with gravity as
creasing number of

Alternate days
for 8wk

1/7†

6/7*�
0/6†

0/6*

cipation with significant change divided by total number of variables at the level of
strophy; Body functions, number of variables at the level of body functions with a
; Borg CR-10 scale, exercise symptom rating scale; CCD, central core disease; CM,

CPN, chronic peripheral neuropathy; D, descriptive criteria (maximum, 8); DM,
trophy; HM, hereditary myopathy; HMSN, hereditary motor and sensory neuropathy;
phy; MD, McArdle’s disease; MG, myasthenia gravis; MM, mitochondrial myopathy;

al voluntary isometric strength; MyM, myotubular myopathy; N, number of patients
variables in this area; OD, other design; PM, polymyositis; PPS, postpoliomyelitis
y myositis; SMA, spinal muscular atrophy; V, criteria for internal validity (maximum,
m (maximum weight, which can be lifted x repetitions).

as control.
n of

Interv
of mu
etition

n cycl
e bout
: resis
ally el

ith tr

and 2:
in; w

e frequ
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ic exercises for patients with muscle disorders. Six other
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A

esigns67-72 showed consistent significant findings at the level
f body functions and at the level of activities and participa-
ion. One other design73 showed significant findings in only 1
f 3 outcome variables on body function. The outcome variable
hat showed a significant effect was a measure of aerobic
apacity; the other 2 were strength measures. In conclusion,
here are indications that aerobic exercises have a positive
ffect on body functions as well as activities and participation
n patients with muscle disorders (level III evidence).

A combination of muscle strengthening and aerobic exer-
ises. Two RCTs27,49 and 1 CCT54 studied the combination
f muscle strengthening exercises and aerobic exercises in
atients with muscle disorders. One RCT27 had sufficient meth-
dologic quality, whereas the methodologic quality of the other
CT49 and the CCT54 was insufficient. The good quality
CT27 showed significant findings in all 2 variables at the level
f body functions and in the only variable measured at the level
f activities and participation. The low quality RCT49 and
CT54 showed significant findings consistent with the good
uality RCT. In conclusion, it is likely that strengthening
xercises in combination with aerobic exercises have a positive
ffect on body functions as well as on activities and participa-
ion in patients with muscle disorders (level II evidence).

A combination of muscle strengthening and breathing ex-
rcises and mud/massage/bath. One other design74 showed
ignificant findings in 9 of 18 variables at the level of body
unctions and 2 of 4 variables at the level of activities and
articipation. In conclusion, there is insufficient evidence for
he effectiveness of the combination of strengthening and re-
piratory exercises and mud/massage/bath for patients with
uscle disorders.
Breathing exercises. One other design75 on pursed lips

reathing in myotonic muscular dystrophy (MMD) showed
ignificant findings on 6 of 9 variables on body functions. In
onclusion: there are indications that pursed lips breathing is
ffective in patients with MMD (level III evidence).

eterogeneous Group of Patients With NMD
Muscle strengthening exercises. Two other designs76,77

tudied muscle strengthening exercises in a heterogeneous
roup of patients with NMD. The findings were inconsistent. In
onclusion, there is insufficient evidence for the effectiveness
f muscle strengthening exercises for a heterogeneous group of
MD.
Aerobic exercises. One CCT28 and other design78 studied

erobic exercises in a heterogeneous group of patients with
MD. The CCT was of sufficient methodologic quality and
resented significant findings in 3 of 5 variables on body
unction.28 There were no significant findings at the level of
ctivities and participation. Only within-group findings were
resented, which means that we cannot consider this study to
e a truly controlled trial. The other design78 showed a signif-
cant effect in only 1 of 33 variables on body functions. In
onclusion, there is insufficient evidence for the effectiveness
f aerobic exercises for a heterogeneous group of NMD.
Muscle strengthening and aerobic exercises. One RCT21

f sufficient methodologic quality studied muscle strengthen-
ng and aerobic exercises in a heterogeneous group of NMD.
he between-groups analysis showed a significant effect in 1 of
variables on body functions and none of the variables at the

evel of activities and participation. The within-group analysis
howed a significant effect in 6 of 7 strength measures in the
ntervention group. If we consider this study as another design,
hen the best evidence synthesis leads to the conclusion that

here are indications that a combination of muscle strengthen- e

rch Phys Med Rehabil Vol 88, November 2007
ng and aerobic exercises is effective in increasing muscle
trength (level III evidence).

dverse Effects
Thirty-three studies reported absent or negligible adverse

ffects. Chetlin et al24 reported that 3 of 20 patients decreased
heir training for 1 or 2 sessions due to delayed-onset soreness.
ix studies did not report whether exercise therapy resulted in
dverse effects.

ther PT Modalities
No studies were found on the application of functional

lectric stimulation or interventions to improve mobility in-
luding transfers and walking or education of the patient,
amily, and caregivers.

DISCUSSION

ethodology
The extensive search used in this review with MeSH terms

xploded without restrictions and free-text words such as ac-
ivities of daily living or physical activity, which resulted in a
arge database of citations. However, 90% of the citations did
ot fulfill our predefined inclusion criteria regarding the study
esign, the participants, the intervention, or the outcome mea-
ures. Surprisingly, hand searching of the reference lists of the
rticles and reviews revealed a substantial number of additional
itations. Hopewell et al79 compared hand searches with Med-
ine searching and found that 25% of reports of randomized
rials with a Medline record were missed by the electronic
earch, because they did not have either of the publication type
erms randomized controlled trial or controlled clinical trial.
his was especially the case for reports of RCTs published
rior to 1991. It shows the limitations of electronic searches
nd suggests the need to combine electronic searches and
anual searches.18 Another explanation is that the indexing of

ther designs is less precise and reliable compared with
CTs.18

We included all RCTs and CCTs in our best evidence
ynthesis, regardless of their methodologic quality, and only
he other designs of sufficient methodologic quality. Although
CTs are usually regarded as the highest level of evidence for

udging the efficacy of therapeutic interventions, randomiza-
ion should not be seen as a reliable proxy for overall quality.18

ell-conducted nonrandomized studies may be more valid
han poorly conducted RCTs. In this review we found 2
CTs17,48 with a lower score on the criteria for internal validity

han we accepted from other designs. Another unexpected
nding was that 4 RCTs48-51 and 4 CCTs28,52-54 did not present
etween-groups comparisons. We recommend the presentation
f between-group comparisons to be an additional criterion in
he future rating of methodologic quality.

The various types of NMD and PT interventions in combi-
ation with the use of a variety of outcome measures required
hat decisions were made on classifications and cutoff points.

e decided that more than half of the outcome variables in a
iven study had to show a significant effect in order to provide
vidence. We presumed that all outcome variables were of
imilar importance, but this is arbitrary. It may have resulted in
oss of evidence when effects of important variables were
verruled by other variables without an effect. However, when
e checked the actual variables, they were generally in agree-
ent with our assumptions.
Finally, in our method, a study that provided evidence of
ffectiveness could be neutralized by studies without evidence.
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ne can argue that this is too strict, considering the fact that a
tudy could only provide evidence if more than half of the
ariables showed a significant effect. On the other hand, we
ere not strict in including all RCTs and CCTs, regardless of

heir methodologic quality and other designs of sufficient meth-
dologic quality.

xercise Intensity
Most studies evaluated muscle strengthening exercises, aer-

bic exercises, or a combination of these. The intensity of
trengthening exercises can be manipulated by varying the
esistance or weight, the number of repetitions, the length of
he rest interval, or the number of sets of exercises completed.
he American College of Sports Medicine (ACSM) formulated
inimal requirements to evaluate the quality of training pro-

rams for effective muscle strength training in healthy adults.80

he ACSM recommends a progressive individualized program,
or all major muscle groups with at least 1 set of 8 to 12
epetitions and a frequency of 2 to 3 days a week. Obviously,
hese requirements for healthy persons cannot simply be ap-
lied to persons with NMD, because of lack of evidence
egarding the effect of physical exertion on the diseased neu-
omuscular system. Overexerting muscles might accelerate dis-
ase progression.12 Still, the intervention should be of enough
ntensity to provide a training stimulus.

Nearly all studies on muscle strengthening exercises in-
luded in this review met the requirements of an individualized
nd progressive program. However, there was considerable
ariation in the muscles exercised, type of exercises given, and
ype of resistance, number of repetitions, and number of sets.

ost investigators used a moderate level of intensity in order
o prevent adverse effects. Indeed, a very important finding was
he absence of adverse effects. If, however, the intensity is too
ow, one cannot expect an effect of training other than physi-
logic adaptations due to activation of muscles that might have
een inactive before.
For aerobic exercises, ACSM recommends the use of large
uscle groups in a rhythmic, aerobic, and continuous man-

er.18,81 For most people, intensities within the range of 70% to
5% of maximum heart rate, or 60% to 80% of oxygen uptake
eserve or heart rate reserve are sufficient to achieve improve-
ents in cardiorespiratory fitness, when combined with an

ptimal frequency of 3 to 5 days a week.81 This review has
hown that these intensities can be recommended for patients
ith NMD without adverse effects. Most of the included stud-

es used cycling or treadmill exercise with a frequency of at
east 3 times a week and exercise intensity around 70% of heart
ate reserve or estimated maximum heart rate.

For both muscle strengthening and aerobic exercises the
ntire program should last at least 10 weeks and regular super-
ision optimizes the effect of training and improves safety and
ompliance.12 Yet, in only 30% of all studies on muscle
trengthening and aerobic exercises, the duration of the inter-
entions was less than 10 weeks, and in approximately 50% of
he studies, the training was under regular supervision.

niformity
To facilitate meaningful comparisons among studies and

tatistical power by effective pooling of study results, more
niformity is needed in type of interventions, intensity of
xercise therapy, and type of outcome measures. To achieve
ore uniform terminology, we recommend the development of

n international classification for PT modalities. In the Neth-
rlands, such a classification has been developed for allied

ealth care professionals.82 In this study, the ICF19 was used to
ake a distinction between outcome variables at the level of
ody functions and at the level of activities and participation.
e recommend the development of ICF core sets specifically

or NMD, like ICF core sets developed for other chronic
iseases.83-85 This would provide professionals and researchers
ith a framework for the selection of assessment and outcome
easures on body functions, activities and participation and on

nvironmental factors for research as well as for clinical pur-
oses.

CONCLUSIONS
Our best evidence synthesis resulted in level II evidence

likely to be effective) for strengthening exercises in combina-
ion with aerobic exercises for patients with muscle disorders.
evel III evidence (indications of effectiveness) was found for
erobic exercises in patients with muscle disorders and for the
ombination of muscle strengthening and aerobic exercises in
heterogeneous group of patients with muscle disorders. Fi-

ally, there is level III evidence for breathing exercises for
atients with MG and for patients with MMD. There was
nsufficient evidence for strengthening exercises due to insig-
ificant or inconsistent effects. Most studies reported the ab-
ence of adverse effects.

Acknowledgment: We thank Sylvia van den Heuvel (Dutch
nstitute of Allied Health Care, Amersfoort, The Netherlands) for her
ssistance with the EMBASE search.
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