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Abstract

Background: Duchenne muscular dystrophy (DMD) is characterized by a progressive muscular 
weakness, with loss of independent ambulation. When the disease results in the complete loss 
of ambulation, one of the purposes of treatment during the latest phase is to prevent or reduce 
complications such as foot deformities. 

A 20-year-old DMD patient had a complete loss of muscular strength in the inferior and superior 
limbs and a severe bilateral clubfoot deformity.  Active movements were not possible, while passive 
motion was very limited in dorsiflexion and pronation, inversion and eversion, with stronger limitation 
on the right foot. 

First, the patient was treated with gentle manipulation and casting for two weeks, but no 
improvement in passive range of motion was detected. 

The treatment was then modified by adding a session of focused extracorporeal shock wave 
therapy for five consecutive weeks.

Results: After five shock wave sessions, both limbs showed a bilateral correction of the talo-
metatarsal angle, respectively 26° on the right and 19° on the left foot. The most relevant improvements 
were estimated in the passive dorsiflexion of both ankles: with a gentle manipulation, both feet could 
return to the anatomical position, in such a way to allow the patient to wear his own shoes.

Conclusions: There is increasing evidence that nitric oxide (NO) and vascular endothelial growth 
factor (VEGF) dysregulation is involved in DMD progression; on the other hand, extracorporeal shock 
wave therapy (ESWT) induces NO and VEGF production, thus promoting angiogenesis, and has 
proven effective in reducing muscular hypertone. ESWT shows a potential role in the treatment of 
Duchenne complications such as foot deformities, as part of a multidisciplinary rehabilitation program.

of their antagonist muscle tendons6. When ambulation is no longer 
possible, the rehabilitation program focuses on the prevention or 
reduction of complications and deformities, in order to alleviate pain 
and pressure, to allow the patient to wear shoes, and to correctly place 
the feet on wheelchair footrests [7].

Despite the absence of a specific treatment, the natural history of 
the DMD can be in part modified [1].

Since the surgical therapy showed controversial results on 
long term effectiveness, there has been a growing consideration 
on the conservative approach, including drugs and rehabilitation. 
Nevertheless, in most studies the rehabilitation programme 
includes stretching, eccentric and aerobic exercise, sub maximum 
strengthening activity when residual strength is higher, while few 
authors emphasize the role of physical energies, like whole-body 
vibration [8,9] and laser therapy [10].

Extracorporeal shock wave therapy (ESWT) is a relatively recent 
method used in the treatment of many musculoskeletal disorders, 
such as tendinopathies and non-union fractures.

Over the past few years, ESWT has received a widespread 
consensus in many other fields, including in the treatment of spastic 
hypertone in patients affected by stroke: even a single session of shock 

Introduction
Duchenne muscular dystrophy (DMD) is the most frequent form 

of hereditary muscular dystrophy, affecting 1 in 3600-6000 live male 
births [1].

T e disorder is characterized by a progressive muscular weakness 
especially of proximal muscle groups, with loss of independent 
ambulation. Children become wheelchair dependent when they 
are about 10 years, even earlier when patients are not treated with 
steroids [2,3].

If untreated, the progression of the DMD can lead to grotesque 
deformities [4]. Equinus deformity of the ankle is one of the serious 
orthopedic problems associated with DMD [5]. Te major cause of 
foot drop is the weakness of the muscles of ankle dorsiflexion, with a 
primary role supported by the deficiency of tibialis anterior, but also 
of the long extensors of the toes (extensor hallucis longus and extensor 
digitorum longus) [6]. A very important effect of this weakness is the 
shortening and contracture of the Achilles tendon. Most conditions 
that cause weakness of the dorsiflexors, may also affect the peroneus 
tertius, peroneus longus and tibialis posterior, respectively the 
muscles of eversion and inversion. Te foot drop syndrome often 
incorporates weakness of these muscles, and associated contracture 
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waves has proved to be effective in the reduction of muscle tone. Such 
effects are probably due both to a direct action on muscle and the 
production of several molecules and growth factors [11].

Terefore, we hypothesized that ESWT could have similar effects 
on dystrophic muscle.

The Case
A 20-year-old patient with bilateral equinovarus deformities 

(Figure 1) came to our ambulatory. At five years, he had the first 
difficulties during walking, getting a diagnosis of DMD at the age of 
seven.

A surgical correction was attempted by tendo-Achillis 
lenghtening on the left limb, at the age of nine; two years later, he 
required a permanent use of a wheelchair. 

Te patient had undertaken a rehabilitation program with an 
independently chosen physical therapist, which consisted of two 
sessions per week of passive mobilization of the four limbs, trunk and 
cervical spine.

At the time of our first evaluation, physical examination showed 
a complete loss of muscular strength in the upper and lower limbs: 
on ankle range of motion (ROM) assessment, active movements were 
not possible. Passive dorsiflexion was severely limited on both sides, 
with stronger restriction on the right foot (up to 8 degrees on the left 
and up to 5 degrees on the right side).

Te right foot was oriented at 85° of plantar flexion and 75° of 
supination, while the left foot showed slightly lower alterations, 

estimated respectively in 80° and 65°.  All measurements were 
performed with a goniometer by the same operator. 

Furthermore, the skin of the feet appeared poorly vascularized 
and cold.

Te deformities appeared very structured and with scarse margins 
of corrigibility, thus representing a great challenge. 

Nevertheless, the patient was treated with gentle manipulation 
and casting as described by Ponseti [12] for two weeks, but no 
improvement in passive ROM was detected.

After this attempt, the treatment was modified by adding a 
session of low-energy ESWT: the new intervention was proposed for 
the subsequent four weeks.

Te patient was treated immediately after removal of the former 
cast and the new one was applied within one hour, as suggested by 
Radler [13].

ESWT was performed by an electromagnetic shock wave 
system with echografic targeting (MODULITH® SLK, Storz Medical, 
Tägerwilen, Switzerland). 

Te schedule included 1200 shots applied to the soleus muscle 
and myotendinous junction, and 500 shocks applied to plantar flexors 
muscles, at energy flux density of 0.08 mJ/mm2 and at frequency of 4 
Hz. Both limbs were equally treated. 

Results
No pain was recorded during the treatment. Te patient and his 

parents did not report any side effect after ESWT. 

After five sessions of treatment (once a week), the physical 
examination revealed and a remarkable facilitation of passive 
mobilization of both feet.

Te evaluation of limbs morphology showed a bilateral correction 
of the talo-metatarsal angle, more relevant on the right than on the left 
side, with an improvement  respectively of 26° and 19° (Figures 2 and 
3). However, the most considerable correction was assessed after only 
one session, when the talo-metatarsal angle showed an improvement 
of 13° on the right and of 11° on the left foot.

Both feet had a slightly less dramatic equinus deformity, with 
an improved orientation of 8° on the right and 6° on the left foot. 
Te most relevant improvements were estimated in the passive 
dorsiflexion of both ankles: with a gentle manipulation, the operator 

Figure 1: First assessment of foot deformities.

Figure 2: Right foot respectively before and after ESW treatment.

Figure 3: Right foot respectively before and after ESW treatment.
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was able to place both feet to the anatomical position, in such a way to 
allow the patient to wear his own shoes.

For the patient as well as for his family, this result represented an 
outstanding goal with favorable impact on the patient self-esteem and 
social relations. 

Discussion 
Tere is a widespread consensus that, in DMD patients, 

a multidisciplinary management is necessary, including 
pharmacological, rehabilitative, surgical and psychosocial 
interventions [1,7].

Currently there is no curative therapy for this disease and the 
glucocorticoids are the only medication that can slow the loss of 
strength and muscle function in DMD [7].

In recent years, multiple treatment approaches have emerged 
for DMD.  Te need for novel therapeutic strategies for muscular 
dystrophies is particularly urgent.

Early surgery was very common in the past, but several studies 
showed to have a positive effect on Achilles tendon contractures only 
in the short-term, while long-term follow-up revealed recurrence 
of contractures in all patients who underwent intervention, 
demonstrating no functional benefit for the surgical approach alone 
[6].

Recently, the interest of many authors focused on emerging 
drugs for DMD: most promising are molecular-based therapies that 
can express the missing dystrophin protein or utrophin. Additional 
targets include the reduction of inflammation or the promotion of 
skeletal muscle blood flow and muscle contractility using nitric oxide 
(NO) donors [14].

Te well-known regulation by NO of skeletal muscle force 
excitation–contraction coupling and the newly characterized role of 
NO in myogenesis and muscle repair, suggest a possible use of NO as 
a tool for therapeutic strategies in DMD [15].

In skeletal muscle a lack of dystrophin determines the suspension 
of neuronal NOS (nitric oxide synthase) action to the sarcolemma, 
thus affecting NO (nitric oxide) production [16].

In addition to this, there is growing evidence that indicate how 
the dystrophic muscle is under a condition of vascular abnormalities 
and ischemia.

Although some studies show that blood VEGF levels are 
significantly lower in DMD, other authors emphasize the inconsistency 
of these data, nonetheless suggesting a fluctuation of VEGF secretion 
according to age or disease progression. DMD muscle may benefit 
from angiogenesis in multidimensional aspects: increasing capillary 
density, which directly resolves ischemia; regenerative and anti-
apoptotic effects of VEGF; proliferation of satellite cells [17].

One of the confirmed effects after ESWT is a rapid increase in 
blood flow around the treated area. Tis observation led to the 
assumption that ESWT may directly involve the production of NO, 
one of the strongest endogenous vasodilatators known up to date 
[18].

Other studies have focused on the role of shock waves in inducing 
neovascularization and increasing of angiogenesis and osteogenesis 
related growth factors, such as eNOS (endothelial nitric oxide 
synthase), VEGF, PCNA (proliferating cell nuclear antigen) and 
BMP-2 (bone morphogenic protein 2) [19]. ESW may modulate 
endogenous NO production either under normal or inflammatory 
conditions.

An increase in VEGF is an indication of increased vascular 
permeability and microvascular activity, including angiogenic 
growth of new blood vessels. ESWT- promoted bone healing was 
associated with significant  elevations of VEGF and angiogenesis and 
osteogenesis growth factors, whereas, inhibition of VEGF attenuated 
the effects of ESWT and decreased angiogenesis and osteogenesis 
factors [19]. 

Te use of physical therapy in the treatment of DMD is a current 
issue.

In the past few years, some studies focused on whole-body 
vibration (WBV), showing that the WBV exercise did not further 
damage the skeletal muscle and caused a non-significant increase in 
bone formation, the meaning of which remains unclear [8].

WBV training seems to have a role in a transient production 
of creatine kinase, but the relevance of the temporary increase in 
creatine kinase in DMD during the first days of training is not yet 
understood [9].

Low-level laser therapy (LLLT) has a protective function on 
damaged or dystrophic skeletal muscle against degeneration, 
modulating inflammatory citokines and up-regulating mitochondrial 
activity, with the result of a decreased oxidative stress [10]. 

Many factors have been considered to explain the effects of ESWT 
on spastic muscles. NO synthesis has been suggested to be one of the 
most physiologically important mechanisms that could explain the 
effectiveness of shock waves in the anti-inflammatory treatment of 
tendinopathies, but  a direct effect of shock waves on hypertonic 
muscle should be considered, as well as a direct effect on the muscle 
fibers adjacent to the tendon cannot be excluded [11].

Finally, ESWT and WBV stimulation show many differences 
in efficacy duration and clinical responses, suggesting a different 
mechanism of action [11].

To our knowledge, only one preliminary study includes ESWT 
within a rehabilitation program in patients with DMD [20]: at the 
end of the treatment, stability of motor skills, horizontal and vertical 
enhancement of the capacity have been reported.

Conclusions
Tis case confirms that low-energy ESWT is safe and unpainful, 

and suggests a potential corrective action on foot deformities in 
patients affected by DMD. In less advanced cases, the use of shock 
waves might be considered part of an integrated approach to the 
rehabilitation program.

Te treatment was intended to reduce the contraction of the 
antagonist muscles and improve the blood supply of the lower limb, 
without any target on the recovery of muscular force.
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However, even the simple act of wearing the shoes had a significant 
impact on the degree of patient satisfaction and its quality of life.

Limitations
Our case is purely anecdotal: the patient was in a very advanced 

condition. Data on the duration of ESWT effectiveness are not 
available: due to a worsening of respiratory conditions, the patient 
could not perform the scheduled follow-up after 3 and 6 months, so 
that the evalutation of long term effectiveness is lacking.

Further studies including a larger sample size, possibly at 
earlier stage of DMD, are requested to confirm a potential role of 
shock waves in the prevention and treatment of foot deformities in 
Duchenne patients. 
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