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humans with neuromuscular disease. Am J Phys Med Rehabil
2002:81(Suppl):S121–S126.

The role of strengthening exercise to potentially improve weakness and
the functional abilities of persons with neuromuscular diseases is con-
troversial. There are questions about the ability of diseased skeletal
muscle to respond to resistance exercise, particularly in light of con-
cerns about weakness induced by exercise. Numerous studies show
promising results of strength training, although methodologic issues
limit conclusions. This article reviews current knowledge in this area
and provides recommendations for future investigations.
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Despite intense interest from patients and clinicians to use exercise to
strengthen muscles weakened by neuromuscular disease (NMD), we are far
from being able to provide science-based recommendations and precautions.
Although many studies report improved strength after resistance training
without untoward effects, limitations in subject selection and methodology
prevent any meaningful conclusions at this point. This article reviews current
knowledge about strengthening exercise in NMD, and provides recommenda-
tions for future investigations in this area.

CHALLENGES OF INVESTIGATIONS OF STRENGTH
TRAINING IN NMDs

Hereditary NMDs are not static. Weakness progresses at markedly different
rates when different diseases are compared and even when individuals with the
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same disease, such as Duchenne mus-
cular dystrophy (DMD), are compared.
Some DMD boys may be wheelchair
dependent at age 8, whereas others are
ambulatory until age 14 or 15. Normal
growth and development are often not
considered in studies involving chil-
dren. In addition, with relatively rap-
idly progressive diseases such as DMD
and amyotrophic lateral sclerosis, the
goal of a strengthening program may
be to slow the progression of weakness
rather than to gain improvements in
strength. Thus, a valid control group of
diseased subjects receiving conven-
tional rehabilitative care without exer-
cise training becomes critical.

There is also a practical chal-
lenge in organizing a study involving
NMD subjects. It has been our expe-
rience that persons with these dis-
eases are often highly motivated to
participate in strength-training regi-
mens, but they are much less likely to
participate if randomized to a nonex-
ercising control group.

The relative rarity of the NMDs,
and hence the difficulty of enrolling
test subjects with the same NMD, led
researchers to group subjects with
different NMDs to achieve a sufficient
number of subjects. However, the se-
verity and rate of progression of a
specific disease markedly affects the
exercise response. In addition, it is
intuitively obvious that diseases
grouped together as NMDs and yet
affecting the anterior horn cells, pe-
ripheral nerves, or muscles may re-
spond quite differently to resistance
exercise.

The affected gene product of a
hereditary NMD presents specific
problems in evaluating the effect of
exercise. Diseases with muscle fiber
membrane protein abnormalities
may be more vulnerable to exercise
injury, particularly with eccentric
or lengthening contractions. Even
greater delineation of the specific
deficient membrane protein may be
important. For example, a disorder
presenting clinically as limb-girdle
syndrome has subtypes with unique

structural protein abnormalities of
the muscle cell membrane, each of
which may have a different response
to exercise.1

DIFFICULTY IN
INTERPRETATION OF
PAST STUDIES

Different NMDs, Small Samples. Per-
sons with different NMDs may re-
spond in markedly different ways to
strengthening exercise, and it is dif-
ficult to generalize for an entire dis-
ease population by studying only a
few subjects. In many studies, there
is broad variability in severity of dis-
ease among the patients studied. It is
difficult to compare an exercise re-
sponse in a subject with only mild
weakness to one who cannot lift his
or her limb against gravity.

Variable Control Groups. In many
studies, no control group exists. In
others, exercise is performed on one
limb while the other is used as a
nonexercise control. Crossover effects
related to neural control have been
well documented in the exercise liter-
ature, making this comparison prob-
lematic. In addition, several studies use
nondiseased exercise control subjects
to provide information regarding the
ability of a specific strength-training
protocol to stimulate a training effect
in the able-bodied. A diseased nonexer-
cising control group receiving standard
rehabilitation care with subject ran-
domization has rarely been included
but would be preferred.

Strength Measurement Method. Ear-
lier strength-training regimens used
manual muscle testing to measure
strength, but manual muscle testing
is insensitive to changes in strength.
Other studies have used static (isomet-
ric) or dynamic (isotonic/isokinetic)
methods of strength measurement,
which makes comparison difficult.

Different Periods and Types of
Strengthening Exercise Programs.
Concern about possible weakness in-
duced by exercise (overuse weakness)

led some investigators to be very cau-
tious in exercise protocols, whereas
others used maximal strength train-
ing. In addition, whereas some pro-
grams were highly structured and su-
pervised, others were home-based,
where compliance with the protocol
was not known. The short duration of
most strengthening studies does not
allow differentiation between neural
training effects vs. muscle fiber hy-
pertrophy, which occurs later during
an exercise program.2

Lack of Functional Status Measures.
Although increased strength is often
used to measure the success of an
intervention, much less attention is
devoted to improvements in function
related to activities of daily living,
mobility, or avocational interests,
which are issues of great importance
to patients.

RESPONSE OF RAPIDLY
PROGRESSIVE NMDs TO
STRENGTHENING
EXERCISE

DMD is the prototypical, rapidly
progressive NMD, and strengthening
studies are limited to this disorder.
Only three of the seven DMD reports
can be evaluated from the standpoint
of this review, but even these are sub-
ject to different interpretations. As
mentioned above, early reports3–5 are
not particularly useful, since subjec-
tive manual muscle testing strength
measurements were used, diseases
other than DMD were included and
not separated out for analysis, or the
study lacked a nonexercised control
group or opposite limb as a control.
One report was primarily a drug
study.6

Of the remaining three studies,
one took into account age, disease
progression and severity, and preex-
ercise status, and it separated for
analysis the 14 DMD subjects from
the slowly progressive NMD, but it
primarily used manual muscle test-
ing and a home-based exercise pro-
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gram.7 The initially stronger muscle
groups made gains of �50% over the
weight initially lifted, whereas
weaker muscle strength gains were
generally �50%. These strength
gains only occurred during the first 4
mo of the study, followed by a plateau
up to 1 yr. Scott et al.,8,9 using ob-
jective static measurements of
strength, also studied the course of
DMD in 18 boys with a home-
strengthening exercise program.
Since muscle strength deteriorated
in the exercised subjects and there
was no nonexercised control group, it
is unclear if the program altered the
natural course of the disease. The
third study10 used the nonexercised
limb as a control in a supervised pro-
gram of submaximal resistive exer-
cise using dynamic measurements of
strength. However, the sample size
was very small (n � 4). A modest but
statistically insignificant increase in
strength occurred that was main-
tained for several months.

In these three studies, there is no
clear indication that resistance exer-
cise increased muscle strength. In
the rapidly progressive NMDs, how-
ever, a reduction in the progression
of weakness would be considered to
be a beneficial outcome. Without in-
vestigations including natural history
control subjects, it is not possible to
make any conclusions about the role
of exercise in rapidly progressive
NMDs.

RESPONSE OF SLOWLY
PROGRESSIVE NMDs TO
STRENGTHENING
EXERCISE

Ten reports have been published
that included individuals with slowly
progressive NMDs. One was a single
case report on hereditary distal my-
opathy.11 Four studies used a combi-
nation of strength training and other
therapeutic interventions.12–15

Most of the remaining five stud-
ies had substantial methodologic lim-
itations, such as an inadequate num-

ber of subjects or a mixed group with
different NMDs, ignoring the natural
history of each disease.16–20 For the
most part, these studies used the op-
posite nonexercised limb as a control,
which may underestimate strength
increases due to possible cross-over
training effects. Indeed, in these
studies, strength gains in the exer-
cised limb were the same or only
slightly greater than in the nonexer-
cised limb. Two of these investiga-
tions included able-bodied controls
in addition to using the opposite limb
as a control.19,20 Evaluation was by
quantitative measurements in all in-
vestigations, and a home exercise
program was used in all but one
study.18 Exercise periods ranged from
9 wk to 1 yr (most were 9–24 wk) and
three to four times per week. Exercise
training protocols varied in terms of
percentage of one-repetitive maxi-
mum and number of sets or repeti-
tions performed.

The most comprehensive and
well designed study was by Linder-
man et al.21 The patient samples were
adequate, and the results for the two
diseases—hereditary motor and sen-
sory neuropathy and myotonic mus-
cular dystrophy—were evaluated sep-
arately. Subjects within groups were
individually matched by strength and
randomly assigned as training or
control. The training period was 6
mo. In addition, functional perfor-
mance and fatigability were assessed,
as were changes in muscle fiber
membrane permeability as evaluated
by serum myoglobin levels. The ma-
jor criticism would be that only knee
extensor strength was measured,
since hereditary motor and sensory
neuropathy is primarily a distal neu-
ropathy. The myotonic muscular dys-
trophy subjects demonstrated no
strength training effect or improve-
ment in functional performance, but
neither the exercise or control group
showed signs of deterioration. How-
ever, deterioration would not be ex-
pected in 6 mo in such a slowly pro-
gressive NMD. In the hereditary

motor and sensory neuropathy
group, knee torques moderately in-
creased, but timed motor perfor-
mance and functional ability did not
improve. There was no change in
myoglobin levels in either group.

In the other studies,16–20 a mod-
erate increase (10–80%) in strength
was observed. An important observa-
tion is that strength increases were
usually found only when baseline
strength was �15% of able-bodied
normal control data.16 In parallel in-
vestigations by Aitkens et al.19 and
Kilmer et al.,20 both submaximal and
maximal resistive exercise resulted in
modest increases in strength in knee
extensors, but a slight decrease in
elbow flexor strength was observed
with the maximal resistance exercise
protocol.

RESPONSE OF POSTPOLIO
SYNDROME TO
STRENGTHENING
EXERCISE

Postpolio syndrome occurs in
persons who recover function after
their initial poliomyelitis, only to ex-
perience new symptoms of weakness
and fatigue more than 30 yr later.
Because there is no evidence of reac-
tivation of the disease with viral-in-
duced degeneration of anterior horn
cells, muscle overuse and disuse are
presumed to be important causes of
the new symptoms. Due to the
lengthy gap between the recovery
from acute polio and the later devel-
opment of new weakness, the post-
polio syndrome may be considered as
a separate NMD.

Twelve studies have been pub-
lished that include individuals with
postpolio syndrome. Three were case
reports of a single subject,22–24 and
several others25,26 seemed to repre-
sent the same patient sample. As with
other strengthening exercise studies
in NMD, the postpolio studies have
shortcomings in methodology. The
number of subjects ranged from 6 to
17. For controls, most studies used
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either the opposite limb or some
combination of symptomatic vs.
asymptomatic muscles on the same
or opposite side. The terms “fatigu-
ing” and “nonfatiguing” exercise
were used, presumably meaning
maximal or submaximal resistance
training.25–27 Other studies used
manual muscle testing as the mea-
surement of strength.14,15 Exercise
periods ranged from 6 wk up to 2 yr,
usually 3 days per week, and most
were home programs.

Results vary, but all studies re-
port an increase in strength. Spector
et al.28 reported a 41–71% increase in
dynamic knee and elbow extensor
strength, but they reported no
change in isometric strength, serum
creatine kinase, muscle cross-sec-
tional area by magnetic resonance
imaging or in histopathology in a
10-wk study. On the other hand,
Fillyaw et al.,27 in a 2-yr investigation,
found an increase in static strength.
Einarsson et al.29–31 observed an in-
crease in both dynamic and static
strength, an increase in the fatigue
index, and an improvement in activi-
ties of daily living during a 6-wk pro-
gram. Agre et al.32,33 reported improve-
ment in strength and endurance, with
a greater increase after maximal re-
sistance exercise, during a 12-wk
program. Feldman25 and Feldman
and Soskolne26 observed increased
strength in the “disused” weak muscle
and a decrease in the polio-weakened
muscle with fatiguing exercise but an
increase in strength in both disused
and polio-weakened muscles with a
nonfatiguing program.

MUSCLE STRENGTHENING
IN NMDs WITH ELECTRICAL
STIMULATION

Several European studies inves-
tigated the effects of low-frequency,
long-term electrical stimulation on
muscle strength in DMD. In these
investigations, maximum voluntary
contraction strength increased com-
pared with the unstimulated con-

tralateral muscle. There were no
changes in the fatigue index or relax-
ation time.34,35 In a study that
grouped various NMDs, Milner-
Brown and Miller14 used a combina-
tion of resistance exercise and elec-
trical stimulation. Electrical
stimulation alone was ineffective, but
by combining both modalities, there
was a significant increase in mean
maximum force when the initial
strength was �15% of normal able-
bodied data. There also was increased
force in the contralateral control
muscle. Despite encouraging prelim-
inary results from these investiga-
tions, electrical stimulation to main-
tain or improve strength in NMD has
not gained popularity in North Amer-
ica, possibly due to limitations on
insurance coverage for the procedure
and lack of knowledge about its ap-
plication and efficacy.

STRENGTHENING
EXERCISE
RECOMMENDATIONS

Despite considerable method-
ologic limitations in the literature
cited for this review, we can draw two
general conclusions about strength-
ening exercise in NMD:

1. Resistance exercise may be bene-
ficial if the degree of weakness is
not severe, and the rate of pro-
gression of the disease is relatively
slow.

2. High-intensity resistance exercise
has no advantage over more mod-
erate programs.

OVERUSE WEAKNESS AND
ECCENTRIC
CONTRACTIONS

Clinicians have long been con-
cerned about the potential for exer-
cise to hasten the progression of
weakness caused by NMD. Although
this concern was never validated in
prospective studies, a number of case
reports exist that document potential

damage (overuse weakness) caused
by exercise in patients with various
NMD.

In patients recovering from
acute polio, a case series from the
1950s reported signs of overuse
weakness during both supervised
submaximal strengthening and unsu-
pervised community activities.36 In a
postmortem muscle study of a pa-
tient with DMD, the greatest muscle
degeneration occurred in muscles
likely to be used during sustained
physical activity, suggesting possible
overuse in these muscles.37 A pattern
of increased weakness in the domi-
nant upper limb subjected to heavy
loads during work or with unsuper-
vised weightlifting suggested overuse
weakness to several clinicians.38

With recent knowledge about
abnormalities in the muscle cell
membrane caused by DMD, Becker
muscular dystrophy, and the sarcogly-
canopathies, there is concern about the
potentially damaging effects of eccen-
tric muscle contractions.39–41 These
concerns are supported by the fact that
animal models of dystrophin deficiency
demonstrate increased susceptibility to
the damaging effects of eccentric con-
tractions when compared with normal
animals.42–44 Maximal eccentric con-
tractions seem to damage the cytoskel-
etal framework with myofibrillar dis-
ruption, which clinically is associated
with transient muscle weakness, eleva-
tion of serum creatine kinase, and
delayed-onset muscle soreness.45,46

In NMDs that affect the integrity of
the muscle cell membrane, it is pos-
sible that eccentric contractions may
hasten the progression of muscle de-
generation. The only study testing
this hypothesis found that persons
with a variety of slowly progressive
dystrophies had a similar injury and
recovery response compared with an
able-bodied control group when ex-
posed to an acute bout of eccentric
muscle contractions.47 It is prema-
ture to make specific recommenda-
tions regarding the role of eccentric
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muscle actions for muscle strength-
ening in specific NMD.

CONSIDERATIONS FOR
FUTURE STRENGTHENING
EXERCISE STUDIES

To draw meaningful conclusions
about the effects of strengthening ex-
ercise in individuals with NMD, re-
viewing the limitations of past inves-
tigations provides a basis for
recommendations for future studies.

1. In designing exercise protocols,
subjects with different diseases
should not be grouped together
for statistical analyses.

2. Comparisons should be made with
matched control subjects having
the same NMD, rather than using
the contralateral limb, nonexer-
cised muscles in the same limb, or
able-bodied subjects.

3. Matching of subjects should con-
sider the severity of weakness and
relative activity level (active vs.
sedentary).

4. Only quantitative measurements
should be used to assess changes
in strength.

5. Evaluations of functional perfor-
mance should be used. These
should include quantitative mea-
sures such as timed motor perfor-
mance and subjective evaluations
of activities of daily living.

6. Home-based programs should be
carefully supervised and include
information regarding adherence
to the protocol.

7. The type of exercise training (stat-
ic/dynamic, concentric/eccentric),
the intensity of training, the rate
of progression of intensity, and
the duration should be precisely
defined.

8. To separate the effects of neural
adaptation from muscle fiber hy-
pertrophy, the duration of exercise
training should be longer than
12 wk.
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