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Congenital myopathy is a heterogeneous group of muscle disorders characterized by muscle weakness
and hypotonia. This condition is associated with a range of skeletal, respiratory, and ophthalmologic
complications and requires a multidisciplinary therapeutic approach aimed at maximizing the function
and independence of patients. One promising direction for therapeutic intervention is physical exercise
rehabilitation, given its demonstrated ability to promote muscle and bone health of patients with a
variety of neuromuscular conditions. However, there are few data to assist health care professionals
identify the optimal physical activity levels and exercise type, including the intensity, frequency, and
duration. This lack of empirical evidence is particularly problematic given the fact that inappropriate
exercise modes can potentially cause muscle damage in patients with congenital myopathy. In this
article, we discuss the rationale behind the incorporation of two types of physical exercises, strength and
aerobic training, into the clinical care of patients with congenital myopathy. Given the paucity of literature on the management of congenital myopathy, we review the results of published research on the
treatment of both congenital myopathy and other neuromuscular diseases that could provide helpful
insights into the physical rehabilitation of patients with congenital myopathy. We also discuss the potential beneﬁts of vibration therapy, which has been studied in patients with other neuromuscular
disorders over the last two decades. We conclude by proposing directions for future research on physical
rehabilitation of patients with congenital myopathy.
© 2019 Published by Elsevier Inc.
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Introduction
Congenital myopathy (CM) is a heterogeneous group of genetic
muscle disorders characterized by muscle weakness, hypotonia,
and gross motor delay, and is associated with complications that
may include respiratory insufﬁciency, bulbar weakness, ophthalmoplegia, skeletal malformations (scoliosis, hip subluxation or
dislocation, foot deformities, and contractures), and malignant
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hyperthermia.1 The estimated prevalence of CM is 1.37 of 100,000
to 5.0 of 100,000 depending on the country and population cohort
(pediatric or adult).2,3 However, the true prevalence of CM is likely
higher due to undiagnosed patients with mild clinical symptoms
and nonspeciﬁc histologic features.1,4 The classiﬁcation, based on
muscle biopsy, divides CM into the following ﬁve broad types: core
myopathy, centronuclear myopathy, nemaline myopathy, myosin
storage (or hyaline body) myopathy, and congenital ﬁber-type
disproportion myopathy.1 Genetic classiﬁcation is based on genes
implicated. To date, mutations in more than 32 genes have been
identiﬁed in CMs, the most commonly affected gene being ryanodine receptor 1.5
The key clinical characteristics of musculoskeletal involvement
in patients with CM include nonprogressive or slowly progressive
muscle weakness and hypotonia, which are often present at birth or
in infancy. Muscle weakness is observed in axial and proximal
limbs, affecting the walking ability and causing developmental
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delays in motor skills in 71% CM cases.6 Patients variably have
involvement of distal, facial, and respiratory muscles. The severity
of the clinical manifestations and the location of the muscles
affected depend on the type of CM and genetic cause.4,7,8 A number
of studies have connected CM to a higher risk of developing
osteopenia9,10 and bone fractures,11,12 although the prevalence and
character of bone density changes and related complications have
not been accessed precisely for patients with CM.
To improve the health of patients with CM, several therapeutic
approaches have been used, including supplementing vitamin D,
calcium, and bisphosphonates for bone health,10 as well as L-tyrosine,13 salbutamol,14 pyridostigmine,15 myostatin inhibition treatment,16 antioxidant therapy,17 and acetazolamide18 to assist for
muscle strength and function. However, data on the effectiveness of
most of these therapies are scant, and more research is needed to
explore the effectiveness of these medications.
Given the wide range of clinical manifestations of CM, effective
treatment requires a multidisciplinary therapeutic approach,
which, depending on the patient’s condition, may include medical
professionals from neurology, respiratory, orthopedics, gastroenterology, nutrition, and other disciplines.10 Echoing this point, in
2009, an international committee of medical professionals provided clinicians with diagnostic strategies and care guidelines for
patients with CM. In their consensus statement, the committee
stressed the need to maximize the function and independence of
such patients by promoting physical activity and avoiding inactivity
and recommended physical therapy being incorporated in rehabilitation plans for this group of patients.10 However, the implementation of recommendations for physical activity is complicated
by the lack of robust clinical trials involving exercise rehabilitation
of patients with CM. As acknowledged by the committee itself, no
direct evidence exists that could assist health care professionals in
identifying the optimal characteristics of physical rehabilitation
interventions for this group of patients.10 To date, few studies on
patients with CM have been conducted,19-21 and the data available
do not provide guidance on the optimal characteristics of a physical
rehabilitation program, such as intensity, frequency, and duration.
There remains an unmet need for therapeutic approaches to promote bone and muscle health, and many authors have called for
continued research in this ﬁeld.7,8,10,21 The importance of further
research in identifying the optimal characteristics of physical exercise for patients with CM is emphasized by the fact that inappropriately selected intensity, duration, and type of exercises can
cause muscle damage22,23 and thereby exaggerate existing muscle
damage in patients with CM.
Here we discuss the rationale behind the incorporation of two
types of physical exercises, strength training and aerobic training,
into the clinical care of patients with CM. Given the paucity of
literature on the management of CM, we review the results of
published studies on the treatment of both CM and other neuromuscular diseases that could provide helpful insights into the
physical rehabilitation of patients with CM. We also discuss the
potential beneﬁts of vibration therapy (VT), which has been studied
in patients with other neuromuscular disorders (NMDs) during the
last two decades, and review the relevant literature. Finally, we
propose directions for future research in the ﬁeld of physical
rehabilitation of patients with CM.
Strength training
Strength training is an exercise modality that is aimed at
improving the muscle strength, power, and motor performance and
promoting and maintaining good health and ﬁtness level, as well as
physical independence.24 For several decades the effectiveness of
strength training has been studied both in healthy individuals and

in those with chronic conditions, including NMDs, and has been
consistently shown to increase muscle strength, endurance, and
function.19,20,24-26 In addition, a number of studies also demonstrated a positive impact of strength training on bone mineral
density.27,28 For patients with CM, these effects are essential;
therefore, studies on the potential beneﬁts of strength training are
highly promising.
The effectiveness of strength training has not been speciﬁcally
studied in patients with CM. Therefore our analysis of the applicability of incorporating strength training into physical rehabilitation and health programs for individuals with CM will be informed
by the results of extant research on other NMDs.
Given the importance of intensity in evaluating the efﬁcacy of
strength training, we have categorized strength training studies
according to this parameter. Studies in which participants underwent low- to moderate-intensity strength training have repeatedly
demonstrated improvements of muscle strength without negative
effects.29-31 McCartney and colleagues explored the effects of a
nine-week, three-days-a-week dynamic weight training on the leg
and arm strength on ﬁve participants with facioscapulohumeral
muscular dystrophy (FSHD), limb-girdle syndrome, and spinal
muscular atrophy (SMA). In this cohort, strength increased by 34%
in biceps and by 11% in quadriceps with no muscle damage registered on muscle biopsy or tomography.30 Similar results were
received by Aitkens and colleagues, who examined the effectiveness of a 12-week moderate-resistance program on 27 participants
with a variety of NMDs. The results demonstrated a signiﬁcant increase of isokinetic strength by approximately 20% in quadriceps
and 10% in biceps (P < 0.05). Participants reported high compliance
with exercise sessions (88%) and no symptoms of excessive soreness or fatigue due to training.29 Kooi and colleagues ran a randomized controlled study on 65 patients with FSHD, wherein
participants were assigned to either a control group (n ¼ 31) with
no training or an intervention group (n ¼ 34) that underwent
52 weeks of 30-minute moderate-intensity strength training thrice
a week. The authors reported an increase in dynamic muscle
strength in elbow ﬂexors (P < 0.05). The exercise program was well
tolerated with no reported soreness or muscle fatigue.31
Studies using high-intensity strength training are limited when
compared with those using low- to moderate-intensity data.32-34
Vignos and Watkins investigated the effect of 12-month, 30minute daily weight lifting on 24 patients with various forms of
muscular dystrophies and demonstrated an improvement of muscle strength and function that reached a plateau after four months.
Notably, the strongest muscle groups assessed at baseline gained
more strength, and the results sustained for over a year in some
NMDs.32 Milner-Brown and Miller supported these ﬁndings and
reported an increase of isometric strength by 77% in quadriceps and
83% in biceps in 16 participants with different NMDs following
13 months of a high-resistance dynamic exercise program.34 In
another study, 10 patients with NMDs underwent a 12-week exercise program similar to the one implemented in the Aitkens et al.
study,29 except for the high intensity. Although the authors reported an increase in the quadriceps muscle strength, they
concluded that the high-intensity resistance training had no
advantage over a moderate-resistance program in the NMD population.33 High-resistance training was tolerated in all studies, and
participants did not report any detrimental side effects, although
the objective indicators of muscle damage were not evaluated.
To summarize, the available studies have been mostly performed on heterogeneous NMDs, which constrains our ability to
generalize their ﬁndings to CM. However, low- and moderateintensity strength exercise programs have been studied more
extensively and have had no reported evidence of adverse effects,
which provides us with suggestive evidence in favor of
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recommending low- and moderate-intensity programs as a more
preferable type of strength training in patients with CM to increase
muscle strength and function.
Apart from the intensity of training, consideration should be
given to the type of strength exercises, which can be classiﬁed into
eccentric or concentric. Concentric exercises involve shortening of
muscle ﬁbers, whereas eccentric actions focus on the active
lengthening of muscle ﬁbers. The International Committee on
Standard of Care for CM recommends concentric exercises as
optimal for patients with CM.14 This conclusion stems from the
ﬁndings that eccentric exercises result in muscle damage, which is
clinically connected to delayed-onset muscle soreness, transitory
muscle weakness up to 24 hours,22,35-38 and increased serum creatine kinase (CK) in both healthy subjects and patients with
NMD.26,36 For patients with CM, this change could be detrimental,
especially given the fact that as of now no data exist on the possibility of muscle repair after damage. Kilmer and colleagues
investigated the acute effects of high-intensity eccentric training on
muscle damage, as assessed by the level of CK in patients with NMD
(n ¼ 14) and healthy (n ¼ 18) subjects. After baseline measurements, all participants performed a bout of intense eccentric contractions, followed by the testing of muscle strength and serum CK
three and seven days after the exercise session. As a result, in both
groups, the serum level of CK remained high for over seven days.26
In contrast, after concentric exercises, muscle strength restored to
baseline in the next few hours35,38 and no signiﬁcant increase in
soreness was reported.22,38 In addition, studies have reported
morphologic abnormalities (e.g., myoﬁbrillar disturbances, Z-line
streaming, streaming, Z-lines out of register, loss in thick myoﬁlaments) in biopsy analysis after eccentric exercises,39,40 whereas no
changes have been registered after concentric exercises.39 Taken
together, this accumulated evidence suggests that concentric exercises are optimal for patients with CM allowing them to avoid
potential detriments from exercising.
Aerobic exercises
Aerobic exercises are widely considered to be beneﬁcial for the
improvement and maintenance of health. They not only improve
cardiovascular capacity but also reduce the risk of many conditions
related to the sedentary lifestyle, including obesity, type 2 diabetes,
metabolic syndrome, and stroke among others.41-43 It has also been
shown that aerobic exercises improve muscle strength and tone in
the larger muscle groups44 and bone density when weight bearing
is involved.45 These effects potentially could be highly beneﬁcial for
patients with CM.
To date, only one study on the feasibility of using aerobic
training in patients with CM has been published,21 although some
studies have included patients with CM when exploring exercise
rehabilitation as part of treating neuromuscular conditions.25,46
Hedermann and colleagues explored the effectiveness of aerobic
training on participants with CM in a nonrandomized controlled
study. Seven of 16 participants completed 10 weeks of 30-minute
moderate-intensity cycle ergometer exercises thrice weekly and
demonstrated an increase of VO2max by 14% (P < 0.001), whereas in
the nonintervention group a tendency to decrease of VO2max was
shown (n ¼ 7; P ¼ 0.083). Nine of the 16 participants dropped out of
the study, with six of them dropping out due to reported fatigue.
However, those who completed the study reported decreasing fatigue levels as the training progressed.21 Florence and Hagberg ran
a randomized controlled study that explored the cardiovascular
response to a 12-week aerobic-exercise program in a group of
adults (age 30.5 ± 9.32) with NMDs, including three participants
with CM (nemaline myopathy, central core disease, myotubular
myopathy). Participants were assigned to either an exercise (n ¼ 8)
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or control (n ¼ 4) group; a group with healthy individuals who
exercised was also recruited (n ¼ 6). The exercise groups (both
NMD and healthy) performed 12 weeks of exercise training on
exercise ergometer for 30 minutes thrice a week; the control group
continued their usual activities with no changes in their activity
regime. As a result of the training, aerobic capacity, assessed by
VO2max, signiﬁcantly increased in both neuromuscular and healthy
participants, by about 24% and 16%, respectively (P < 0.05). Participants with neuromuscular conditions reported no side effects of
the training and demonstrated high compliance to exercise sessions (94% of all sessions were completed).46 Other ﬁndings
included no change in the CK level during the intervention21,46 and
no reports from participants of myalgia.21 Although this suggests
that exercising did not cause sarcomeric injury,21 the small number
of participants limits interpreting these ﬁndings as deﬁnitive evidence. In addition, the studies did not address the entire range of
CM types, some of which might respond to exercise intervention
differently due to the variation in the muscle lesion pathogenic
mechanisms.
Improvements in aerobic capacity have also been demonstrated
in studies that included participants with other NMDs.47-49
Andersen et al.50 explored the effectiveness of eight weeks of a
weekly supervised high-intensity training in a randomized
controlled study that used 12 patients with FSHD and healthy
subjects (n ¼ 6). As a result, patients with FSHD who underwent
high-intensity training (n ¼ 6) improved aerobic capacity (P < 0.01)
and showed no symptoms of muscle damage (pain and CK level);
however, muscle strength and mobility did not change. Voet et al.51
compared the effects of aerobic exercise training (n ¼ 28) and
cognitive behavioral therapy (n ¼ 25) with those of usual care
(n ¼ 24) on fatigue and pain level, aerobic capacity, muscle
strength, and physical activity level in a randomized clinical trial
among patients with FSHD. Patients who received 30 minutes of
aerobic training thrice weekly during 16 weeks demonstrated improvements in the fatigue level, quadriceps muscle strength, and
physical activity level compared with the usual care group, but
showed no changes in aerobic capacity. In Wright et al.’s study,49 12
weeks of a home-based walking program showed a decrease of the
submaximal exercise heart rate (P ¼ 0.046) and submaximal exercise systolic blood pressure (P ¼ 0.019) in eight patients with
various NMDs who trained at 50% to 60% heart rate reserve for 15 to
30 minutes three to four days a week. Another study explored the
adaptation to aerobic training of 10 patients with mitochondrial
myopathies.47 Aerobic capacity increased by 20% to 30% (P < 0.05)
after 14 weeks of training (30 to 40 minutes, three to four times a
week) on a stationary bicycle at an intensity of 70% to 80% of the
maximal heart rate. Olsen and colleagues obtained similar ﬁndings
in a study involving a 12-week low-intensity aerobic program in a
group of patients with FSHD. Eight participants performed cycle
ergometer exercises at 65% of their VO2max ﬁve times a week,
45 minutes a day. Seven healthy individuals served as a control
group and had a similar intervention. Aerobic capacity increased in
both the FSHD and the healthy cohort by 16% (P < 0.002) and 13%
(P < 0.02), respectively. The serum level of CK in participants was
stable over the duration of the exercise program.48 A common
ﬁnding in all studies involving aerobic training was that the interventions were well tolerated and participants showed high
compliance with training sessions.
Finally, animal studies on transgenic mouse models with
tropomyosin 3 (TPM3) (Met9Arg) nemaline myopathy showed that
four weeks of aerobic training on treadmill caused no muscle
damage and led to no changes in the total number of rod-affected
ﬁbers in muscle.52 Another study on similar transgenic mice
demonstrated that daily 30-minute high-intensity endurance exercises on a treadmill over 17 days following prolonged
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immobilization (28 days) alleviated disuse-induced weakness in
nemaline myopathy and helped restore the preimmobilization
level of muscle strength.53 However, these studies were conducted
only on models with TPM3 nemaline myopathy; therefore the effects could be speciﬁc for this type of CM, and more research in this
ﬁeld is needed to understand the impact of aerobic training on
affected muscles.
Vibration therapy
Along with aerobic and strength exercises, VT can potentially be
another promising approach of treating patients with CM.14 VT
involves weight-bearing exercises performed on an oscillation
platform generating vibration impulses that mechanically stimulate the musculoskeletal system via stimulation of spinal reﬂexes,
leading to changes in muscle length. The resulting activation of
muscle spindles elicits a reﬂex contraction in the homonymous
muscle. The vibratory stimulus, therefore, leads to cyclic elongation
and contraction of the stimulated muscles. VT has been shown to
have a positive impact on muscle strength, tone, and function in
patients with NMDs including those with Duchenne muscular
dystrophy (DMD),54,55 mitochondrial disease,56 SMA,54 and multiple sclerosis.57 In addition, VT has been reported to increase bone
mineral density in individuals with altered muscle and/or bone
health including cerebral palsy,58 postmenopausal osteoporosis,59
and adolescent idiopathic scoliosis.60 The therapy has been
shown to be safe, with few adverse effects in all the NMDs treated
to date.54-57
The potential impact of VT on muscle damage has been
measured by the level of muscle weakness and serum CK in several
studies that involved patients with NMD.54,55 Vry and colleagues
reported increased muscle weakness in four of 12 patients with
DMD and in two of eight patients with SMA after four weeks of VT,
but no complaints about weakness after eight weeks of VT.54 The
serum CK level has been analyzed during VT both in patients with
NMD and in a healthy cohort.54,55,61,62 Myers and colleagues
assessed CK levels in four participants with DMD following a fourweek VT program thrice a week. All but one participant had stable
levels during the training period. One subject had a transient increase in the serum CK during the third week of VT, which, however, returned to the pretraining level within the next training
week.55 Similarly, in Vry et al.’s study,54 the CK activity in 14 of 22
participants with DMD increased signiﬁcantly after the ﬁrst day of
training but returned to the norm after four weeks of continuous VT
training (nine minutes, thrice a week).54 In patients with SMA in
the same study, the CK level was not elevated. Gojanovic and colleagues reported an increased level of CK within 24, 48, and
96 hours after one bout of 27-minute high-intensity VT in ﬁve of 20
volunteers who had no disabilities and/or chronic conditions but
led a sedentary lifestyle.62 At the same time, it should be noted that
those studies utilized no control groups and did not consider
confounding factors that might have affected the CK level, which
prevents us from attributing the resultant changes in CK solely to
the VT training. For instance, the serum CK activity in patients with
DMD is known to ﬂuctuate during the day and the duration of the
disease, as well as to depend on the physical activity level.63 In
addition, in the last two studies participants performed mildintensity physical exercises (squats, weight shifts, push-ups) on a
vibration platform, which might have also contributed to the
increased CK levels.
Fatigue level and muscle pain, two other symptoms of CM,10 also
need to be monitored during VT training. Several studies have
assessed these parameters and have reported either a stable55 or a
decreased level of their severity,64 or an insigniﬁcant increase in
their intensity, which did not lead the participants to terminate

participation in the study and declined as the training progressed.54,65 Alentorn-Geli and team have shown a statistically
signiﬁcant decrease of fatigue (P ¼ 0.002) and pain (P ¼ 0.018)
levels in female patients with ﬁbromyalgia after six weeks of VT in
conjunction with traditional exercises (n ¼ 12), with no changes in
either the control group (n ¼ 12) or the group that performed only
traditional exercises (n ¼ 12).64 In the Myers et al. study55 none of
the four participants with DMD reported increased fatigue levels
during a four-week VT training. Ruck and colleagues reported an
interruption of six VT sessions of 937 due to unspeciﬁed fatigue,
and ﬁve sessions due to nonmuscle pain, among 10 children with
cerebral palsy over six months of the intervention period. All
children completed participation in the study.
Taken together, the ﬁndings from available studies on NMDs
suggest that VT may beneﬁt patients with CM and therefore is
worthy of further scholarly exploration.
Discussion
A properly designed exercise rehabilitation program is widely
recognized by health professionals as a way to improve both general health and musculoskeletal status in patients with NMD.20
However, more studies in the area need to assist in developing
speciﬁc guidelines for the NMD and CM populations. Aerobic
training aims to enhance cardiorespiratory endurance,19,25,46
whereas strength training, to improve muscle strength, function,
and endurance.19,25 Both exercise modalities, by causing stress and
strain on the bone, can potentially improve bone health.66 Similarly,
vibration training has been shown to increase muscle strength and
function, thus affecting bone mineral density.61,67 There are other
secondary but equally beneﬁcial effects of exercise or physical
training, including improving psychological health and quality of
life.20 These may also have relevance in exercise rehabilitation
programs.
NMDs include a wide, heterogeneous group of conditions that
differ pathophysiologically, morphologically, and clinically. With
such heterogeneity, the potential beneﬁts of physical therapy may
differ and may need to be individualized to optimize outcomes.
Therefore, although studies treating neuromuscular conditions are
beneﬁcial in terms of suggesting directions for future research in
patients with CM, their ﬁndings cannot be directly applied to these
patients.
The low prevalence and the heterogeneity of pathologic features
of CM can affect the collection of research-based evidence for
treatment efﬁcacy of CM. Possible ways to overcome these limitations could be designing multicenter studies and the use of crossover study design that allows half the sample size required to
achieve the same statistical power compared with parallel studies.
At the same time, there also remain some concerns about the safety
of exercise treatment, although the extant literature reports no
major safety issues related to the implementation of exercise programs. Given the lack of evidence-based research on the safety issues associated with physical therapy of patients with CM, we
suggest that research on this group of disorders should start with
low-intensity, short-term exercise programs, with a gradual increase of the parameters to ensure that both safety and efﬁcacy
outcomes are optimized. Another possible way to address this
limitation is to expand research on animal models (e.g., transgenic
mice) to determine safe exercise training thresholds for this
population.
Conclusion
Although exercise rehabilitation is recommended for the management of CM, there is insufﬁcient evidence on the effectiveness of
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different modes and intensities of exercise programs. The existing
evidence, however, indicates that exercise training, which includes
aerobic, strength and VT, can be of potential beneﬁt for patients
with CM.
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