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Perspective

Magnetic Resonance Imaging

Studies in Duchenne Muscular

Dystrophy: Linking Findings to the

Physical Therapy Clinic
Claudia R. Senesac, Alison M. Barnard, Donovan J. Lott, Kavya S. Nair,
Ann T. Harrington, Rebecca J. Willcocks, Kirsten L. Zilke, William D. Rooney,
Glenn A. Walter, Krista Vandenborne

Duchenne muscular dystrophy (DMD) is a muscle degenerative disorder that manifests
in early childhood and results in progressive muscle weakness. Physical therapists have
long been an important component of the multidisciplinary team caring for people
with DMD, providing expertise in areas of disease assessment, contracture management,
assistive device prescription, and exercise prescription. Over the last decade, magnetic
resonance imaging of muscles in people with DMD has led to an improved understanding
of the muscle pathology underlying the clinical manifestations of DMD. Findings from
magnetic resonance imaging (MRI) studies in DMD, paired with the clinical expertise of
physical therapists, can help guide research that leads to improved physical therapist care
for this unique patient population. The 2 main goals of this perspective article are to
(1) summarize muscle pathology and disease progression findings from qualitative and
quantitative muscle MRI studies in DMD and (2) link MRI findings of muscle pathology to
the clinical manifestations observed by physical therapists with discussion of any potential
implications of MRI findings on physical therapy management.
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MRI Studies in Duchenne Muscular Dystrophy

D
uchenne muscular dystrophy (DMD) is a
progressive muscle wasting disorder resulting in
skeletal muscle weakness, cardiac impairment, and

respiratory insufficiency.1–3 DMD is caused by mutations
in the X chromosome dystrophin gene.4 Dystrophin
protein is normally found at the muscle cell sarcolemma
linking the cell cytoskeleton to the extracellular matrix;
however, dystrophin is absent in cases of DMD and
reduced in the milder Becker muscular dystrophy.5 When
muscle cells lack dystrophin, they become more
susceptible to contraction-induced damage and
inflammation, particularly during eccentric contractions.6,7

As regenerative capacity is exhausted, muscle cells die
and become replaced by both fibrous and fatty tissue.8

The primary clinical manifestation of DMD is progressive
muscle weakness and deterioration of functional abilities.
Signs of proximal muscle weakness, including Gower’s
maneuver (standing from the floor or a seated position
using the arms to climb the thighs) and difficulty climbing
stairs, present in early childhood.9 Muscle weakness
progresses in a proximal to distal manner leading to loss
of independent ambulation in the early teens, loss of
overhead reach in the teens, and loss of self-feeding in
early adulthood.10 Cardiopulmonary complications, caused
by cardiac and respiratory muscle degeneration, are major
causes of death, typically in early adulthood.11 In addition
to muscle weakness, DMD is often characterized by calf
hypertrophy, contracture development, scoliosis, and
neuropsychological manifestations.12–15 Therapeutic
interventions for DMD include glucocorticosteroids to
slow progression of muscle weakness (albeit with side
effects like weight gain and osteoporosis) and cardiac
medication to manage cardiomyopathy symptoms.1,16–18

Additionally, mutation-specific dystrophin restoration
therapies have been conditionally approved in the United
States and Europe.19,20

Current care recommendations include physical therapy
assessment and management as key components of
multidisciplinary care across the lifespan.1,21 Physical
therapists, in consultation with the broader care
management team, are ideally suited to assess and
intervene in issues of musculoskeletal health such as
range of motion (ROM) limitations, seating and
positioning, and exercise prescription. However, a paucity
of evidence-based recommendations exists for physical
therapy management in DMD, and many care
recommendations cite expert opinions or research
performed prior to current medical management rather
than contemporary, data-driven findings.1,21 Within the last
decade, magnetic resonance imaging (MRI) techniques
have become increasingly utilized to understand and
quantify muscle disease patterns in DMD to expand
understanding of the underlying muscle pathology
leading to clinical manifestations of muscle weakness,
movement pattern compensations, and functional
decline.22–24 An understanding of MRI data, paired with the

clinical expertise of physical therapists, may help guide
research and lead to improved physical therapist care for
this population.

MRI can be either qualitative, producing images for visual
inspection, or quantitative, where characteristics of muscle
health are objectively measured. T1-weighted MRIs are
often used qualitatively in DMD to visualize fatty
replacement (hyperintense/bright areas) within darker
muscle tissue (Fig. 1A).25 T1-weighted images can be given
an ordinal rating that estimates the extent of muscle
involvement.26 T2-weighted images can be used to
visualize fatty tissue, inflammation, and/or edema, all of
which have hyperintense (bright) signal (Fig. 1B). Fat
signal can be suppressed to visualize inflammation/edema
in isolation (Fig. 1C).27,28

Quantitative MRI measures include muscle size, fatty
replacement, and edema. MRIs can be used to determine
muscle cross-sectional area or volume, assessing muscle
atrophy and growth/hypertrophy. Fatty infiltration can be
quantified using chemical shift-encoded MRI (Dixon
imaging) or magnetic resonance spectroscopy.25,29 These
methods separate the water signal (muscle) and the fat
signal (fatty infiltration and subcutaneous fat) to give the
muscle’s fat fraction (percent intramuscular fat)
(Fig. 2A–C). Fat fraction is considered a biomarker of a
muscle’s health, and higher levels of fatty infiltration in a
muscle are linked to worsening functional abilities in
children and teenagers with DMD.30–32 Another common
MRI approach is quantitative T2 imaging (Fig. 2D). MRI T2

reflects both fatty infiltration and inflammation/edema
from muscle damage, with higher values when either or
both of these processes are present.27,33,34

The purpose of this article is twofold. First, we summarize
muscle pathology and disease progression findings from
qualitative and quantitative muscle MRI studies in DMD.
Second, we link MRI findings of muscle pathology to
clinical observations and discuss any potential
implications of MRI findings for physical therapy
management. We use representative MRIs collected from 2
institutional review board-approved natural history studies
of magnetic resonance biomarkers in DMD to illustrate
typical patterns of muscle pathology in 3 major body
regions: the trunk, lower extremities, and upper
extremities. For each region, we first review MRI findings
and second, draw relationships to strength and movement
alterations, acknowledging that muscle pathology is only
1 factor that can affect movement. We hope this
information provides a foundation of knowledge to
physical therapists treating individuals with DMD to
facilitate evidence-based treatment and care decisions.
Additionally, we hope insights into the underlying muscle
pathology can serve as a catalyst for thoughtful
development of robust research studies of physical
therapist care for this unique patient population.
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MRI Studies in Duchenne Muscular Dystrophy

Figure 1.
Magnetic resonance imaging (MRI) of qualitative muscle. (A) T1-weighted images of the calf in an unaffected 8-year-old control and a 7-

year-old with Duchenne muscular dystrophy (DMD). On T1-weighted images, healthy muscle is homogenous in intensity, and fat appears in

bone marrow and the subcutaneous tissue as bright signal intensity. In DMD, T1-weighted contrast highlights the fatty infiltration of muscle.

Here, fatty infiltration is visible in the lateral gastrocnemius and soleus. (B) In unaffected controls, T2-weighted images of muscle have similar

contrast to T1-weighted images. In DMD, T2-weighted imaging reveals higher signal intensity in the muscle that can be reflective of either

inflammation, fat, or both. (C) T2-weighted images with suppressed fat signal can highlight muscle edema well, particularly in this steroid-

untreated individual. No increased muscle signal intensity is visible in the control calf, but increased signal intensity is visible in the individual

with DMD in the soleus and medial gastrocnemius. The vertical lines in these images are small artifacts from blood vessels. Note: Each of

the 3 images from the control and individual with DMD are taken at the same slice location, demonstrating the ability of different image

contrasts to highlight different pathologies. Fib = fibularis longus and brevis; LG = lateral gastrocnemius; MG = medial gastrocnemius;

Sol = soleus; TA = tibialis anterior; TP = tibialis posterior.

Axial Muscles
MRI of Axial Musculature
Both clinical and MRI research of axial muscle
involvement in DMD are limited, even though these are
among the first muscles affected. One study, performed by
our group, captured the trunk while imaging respiratory
muscles.35 Control participants have little/no axial muscle
fatty infiltration (Fig. 3A). In contrast, individuals with
DMD have evidence of muscle pathology beginning in
early stages of the disease when they are still ambulatory
and highly functional (Fig. 3B). In particular, the pectoral
muscles, latissimus dorsi, internal oblique, and lumbar
paraspinals show the earliest signs of involvement.35 Fatty
infiltration of these muscles progresses relentlessly

throughout the ambulatory stage followed by involvement
of the psoas, quadratus lumborum, external obliques, and
rectus abdominis. Within the first few years of losing
ambulation, the trunk muscles show near complete
replacement by fat, as demonstrated in Figure 3C.

Although respiratory impairment is a later manifestation
of DMD, the axially located diaphragm and accessory
respiratory muscles are critical for ventilation and
respiratory health. The diaphragm is very thin, but a
recent study quantified fatty replacement of the thicker
diaphragm crura, which attach to the vertebrae.36 The
diaphragm showed signs of fatty infiltration in the
early-mid teens with a slow progression into the mid-late
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MRI Studies in Duchenne Muscular Dystrophy

Figure 2.
Magnetic resonance imaging (MRI) of quantitativemuscle. Chemical shift-encoded imaging of the thighmuscles produces 2 separate images:

(A) 1 that only contains signal from water, and (B) 1 that only contains signal from fat. Unaffected muscle, such as that seen in this 9-year-

old control, should be comprised nearly entirely of water signal. Fat signal is present in the subcutaneous tissue and in dystrophic muscle,

including in the muscles of this 10-year-old with Duchenne muscular dystrophy (DMD). (C) When the water image is digitally colored

red and fat image digitally colored green, they can be overlaid (fused) to create a visually informative image. (D) MRI T2 maps display

the T2 values of each individual pixel of the MRI. MRI T2 is a value that differs for each tissue, but unaffected muscle has a low T2 value

(∼30–35 ms) while fatty/edematous muscle has higher T2 values (∼35–80 ms). MRI T2 values are well correlated with fat fraction values in

DMD. Add = adductor group; BF = biceps femoris long head; Gra = gracilis; RF = rectus femoris; Sar = sartorius; SM = semimembranosus;

ST = semitendinosus; VI = vastus intermedius; VL = vastus lateralis; VM = vastus medialis.

20s, and fatty replacement correlated with forced vital
capacity. MRI movies and breath-hold images obtained
during maximal breathing have shown reduced
diaphragm descent during inspiration, primarily in
individuals older than 15 years, reduced chest expansion,
and smaller lung dimensions.35–37 The external oblique,
internal oblique, and rectus abdominis are used for forced
expiration and coughing, which are critical for airway
clearance. The internal oblique is most affected, followed
by the external oblique and rectus abdominis, and fatty
infiltration of these muscles is correlated with maximal
expiratory pressures.35 The participant in Figure 3C has a
forced vital capacity of 93% but a maximal expiratory
pressure of only 51% (where >80% is considered within
normal limits), which may be a result of the extensive
expiratory abdominal muscle degeneration.

Linking MRI Data to Axial Muscle Function
The axial muscles of the trunk are responsible for flexion,
extension, lateral movements, and rotary movements
related to postural control, stabilization, balance, and
reaching. In individuals with DMD, equilibrium/righting
reactions and dynamic postural control mechanisms that
rely on trunk musculature may contribute to decreased

balance.38,39 In other populations with weak trunk
muscles, individuals generally attempt to use the arms to
stabilize the trunk (i.e. cerebral palsy). As the axial and
upper extremity muscles experience disease progression
in DMD, these compensations are not viable ways to
stabilize the trunk or prevent falling. Given the early
involvement of the axial muscles, progressive lower
extremity weakness, and other individual factors, fall risk
reduction is important for physical therapists to address,
particularly in individuals with steroid-induced bone
fragility.21

A recent study evaluating trunk muscle performance in
young teens with DMD revealed reduced active ROM and
maximal joint torques in all directions compared with
controls.40 Despite the axial weakness, individuals with
DMD compensate for shoulder/scapular weakness during
reaching by using increased trunk lateral bending or
flexion-extension movements.40 Based on EMG, some
individuals require nearly 100% of available arm and
trunk muscle capacity to perform reaching tasks with
weighted objects. The results of this study mirror the early
and widespread muscle involvement captured in MRIs of
the trunk (Fig. 3) and shoulder. Given the extensive

2038 Physical Therapy Volume 100 Number 11 2020
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MRI Studies in Duchenne Muscular Dystrophy

Figure 3.
Magnetic resonance imaging (MRI) of abdominal and chest muscle. (A) Axial fat/water fusion images of the trunk at the T5, T9, and L4

vertebral levels reveal little to no fatty infiltration in a control (age = 17 y). (B) Involvement of several muscles is visible in a representative early

ambulatory individual with DMD (age = 11 y). (C) Once individuals become non-ambulatory, the majority of the trunk musculature becomes

replaced by fatty tissue. This is a 12-year-old, steroid-untreated individual who has been non-ambulatory for approximately 2 y. EO = external

oblique; Inf = infraspinatus; IO = internal oblique; Lat = latissimus dorsi; PMa = pectoralis major; PMi = pectoralis minor; PS = paraspinal

muscle group; psoas = psoas major; QL = quadratus lumborum; RA = rectus abdominis; SA = serratus anterior; Sub = subscapularis;

TM = teres major.

degeneration of trunk muscles already present when
individuals transition to full-time wheelchair use, adequate
trunk support should be an important consideration in
seating selection. Additionally, pressure relief cushions
may become important as loss of trunk musculature limits
the ability for independent leaning and repositioning for
pressure relief.41

Physical therapists may have a role in the management of
respiratory manifestations in DMD. Because respiratory
muscles degenerate and weaken over time, respiratory
muscle training has been attempted. Although not
addressed in the DMD care guidelines, a 2019 Cochrane
Review states respiratory muscle training may be
beneficial in DMD; however, the certainty of evidence is
low, and concerns regarding muscle damage have not
been assessed.42 We hypothesize that there may be
benefits to carefully prescribed inspiratory and expiratory

muscle training in DMD, but this is an area that requires
further physical therapy research. DMD care guidelines
also indicate that maintaining chest wall mobility may help
mitigate respiratory impairments, though there is no direct
evidence supporting this statement.17 MRI of the chest
wall (Fig. 3C) does suggest that by the non-ambulatory
stage, the rib cage becomes surrounded by fibrofatty
tissue rather than healthy muscle. The impact of thoracic
fibrofatty tissue on chest mobility and respiratory function,
as well as interventions to address rib cage stiffness, are
interesting areas for future physical therapy research.

Lower Extremity
MRI of Lower Extremity Musculature
MRI investigations of disease progression in DMD have
primarily focused on the lower extremity muscles, which
are critical for ambulation and affected early in the

2020 Volume 100 Number 11 Physical Therapy 2039
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MRI Studies in Duchenne Muscular Dystrophy

Figure 4.
Magnetic resonance imaging (MRI) of pelvic girdlemuscle. Fat (green) andwater (red) fusion images of axial MRIs of the pelvis. (A) Unaffected

controls have little to no visible pelvis muscle fatty infiltration. The individual shown here is 13 y old. (B) Gluteal muscle involvement is present

in DMD beginning at a young age and even in individuals with preserved functional abilities. Shown here is an 11-year-old who could rise

from the floor in 3.2 seconds (average control time = 1.5 s) and climb stairs in 1.9 seconds without rail support (average control time = 1.2 s).

(C) By the late ambulatory phase, many individuals have complete replacement of the gluteal muscles by fat. Representative image from a

16-year-old who lost ambulation 9 months after image acquisition. GMax = gluteus maximus; GMed = gluteus medius; GMin = gluteus

minimus; RA = rectus abdominis.

disease. Given the proximal to distal progression of DMD,
the gluteal muscles are among the first lower extremity
muscles to display evidence of fatty infiltration, which is
visible in the fat/water fusion images in Figure 4.23,43–47

One qualitative MRI study found that 13/14 children ages
1 to 2 years already had evidence of fatty infiltration in
the gluteus maximus, and over 90% of 9- to 10-year-olds
had >60% fatty replacement.44 The gluteus medius and
minimus are also affected early, but quantitative MRI T2

imaging suggests severity is slightly less than the gluteus
maximus.23,45 The iliopsoas maintains lower fatty
infiltration than the gluteals despite signs of inflammation
via elevated MRI T2.23,45

Of the upper leg muscles (Fig. 5A–D), the adductor
magnus shows signs of fatty infiltration first, followed by
the biceps femoris and quadriceps.47 Within the
quadriceps, the rectus femoris is often most affected,
while the other 3 component muscles are similarly
affected.28,45 Although most MRI studies image children
>5 years old, in a qualitative case series, fat was observed
in the adductor magnus and quadriceps of 2/5 children
<5 years old with DMD.46 Initial increases in fat
infiltration in the vastus lateralis are present in most boys
ages 5 and 6,48 and a regression analysis estimated biceps
femoris fat infiltration as early as 3 to 4 years old.49 In
young individuals who do not yet have increased fat in
their quadriceps, MRI T2 can be increased, likely from
inflammation and muscle damage.50 Interestingly, the
sartorius, gracilis, and, to a lesser degree, semitendinosus
demonstrate relative sparing (Fig. 5C). MRI measures of
muscle volume or cross-sectional area reveal quadriceps
atrophy in some, but not all, individuals, while the gracilis
and sartorius often hypertrophy.51,52

The lower leg muscles demonstrate less pathology than
the upper leg muscles at a given age, consistent with the
proximal to distal disease pattern (Fig. 5E–H).1,48,52 The
fibularis longus/brevis, soleus, and gastrocnemius muscles
progress most quickly in the lower leg, while the tibialis
anterior progresses at an intermediate rate, and the tibialis
posterior is preserved (Fig. 5G).52–54 As with thigh muscles,
signs of pathology can be detected prior to fatty
infiltration through elevated MRI T2, elevated intracellular
sodium, and abnormal spectroscopy markers compared
with unaffected individuals.55,56 Calf hypertrophy is a
classic sign of DMD, and MRI studies confirm increased
contractile area and volume of the triceps surae and
occasionally the fibularis longus/brevis and tibialis
anterior.51,52,57

Linking MRI Data to Ambulatory Abilities
Gait deviations in the DMD population are well studied
and described, and MRI evidence of muscle degeneration
can help explain many deviations. One of the first gait
deviations noted is increased lumbar lordosis in an
attempt to move the line of force behind the hip joint to
compensate for gluteal and hip extensor weakness.58–60

This compensation mirrors MRI findings of very early loss
of contractile tissue in gluteal and hip extensor muscles.
In Figure 4, compared with an unaffected control, the
individual with DMD in the early ambulatory stage
(defined here as able to rise from the floor and climb
stairs) already has substantial fatty infiltration of all 3
gluteal muscles. This image dramatically illustrates that
significant muscle degeneration can occur prior to overt
functional impairment as this individual was able to climb
stairs without a railing in 1.85 sec and run with a flight

2040 Physical Therapy Volume 100 Number 11 2020
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MRI Studies in Duchenne Muscular Dystrophy

Figure 5.
Magnetic resonance imaging (MRI) of upper and lower leg muscle. (A–D) T1-weighted axial MRIs of the upper leg and (E–H) lower leg

in an unaffected control and 3 individuals with Duchenne muscular dystrophy (DMD). (A,E) In the unaffected control (age = 12 y), the

muscles have a smooth-appearing texture and moderate signal intensity without evidence of fatty infiltration. (B,F) This individual with DMD

(age = 11 y, same individual as in Fig. 4B) has visible fatty infiltration of the quadriceps, adductor magnus, and biceps femoris muscles. There

is minimal fatty infiltration visible in the gastrocnemius muscles. (C,G) In this 16-year-old who requires 8.2 seconds to traverse 10 m (average

control time = 2.7 s), the vastus lateralis (VL) has approximately 50% fat, the adductors (Add) are approaching complete fatty replacement,

and the fibularis group and calf muscles have an estimated 40% fat. (D,H) This steroid-untreated individual (age = 12 y, nonambulatory for

∼2 y) has nearly complete fatty replacement of muscle with some sparing of the gracilis (Gra) and tibialis posterior (TP). (I–K) Water, fat,

and fat/water fusion images highlight patterns of muscle involvement and sparing as well as loss of contractile tissue in the upper and lower

legs. (I) Despite plantar-flexion contractures, the tibialis anterior (TA) typically remains less involved than the calf muscles. (J) These images

demonstrate dramatic involvement of the fibularis group in stark contrast to sparing of the TP that contributes to equinovarus contractures.

(K) Contractures are ubiquitous in the nonambulatory stage, and these images reveal the lack of remaining contractile tissue in this stage.

Note the complete replacement of the biceps femoris by fat. Add = adductor; BF = biceps femoris long head; Early amb = early ambulation;

Fib = fibularis longus and brevis; late amb = late ambulation; LG = lateral gastrocnemius; RF = rectus femoris; Sar = sartorius; Sol = soleus;

ST = semitendinosus; VI = vastus intermedius.

2020 Volume 100 Number 11 Physical Therapy 2041
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MRI Studies in Duchenne Muscular Dystrophy

phase at the time of image acquisition. The early
degeneration of the gluteus medius and minimus likely
contribute to the characteristic waddling gait and positive
Trendelenburg sign.58,61 The pelvic muscles progress
rapidly, and by the late ambulatory stage (unable to
rise from the floor or climb stairs), these muscles
can be completely replaced by fibrofatty tissue (Fig. 4C).

Gait is also impacted by knee extensor weakness, which is
consistent with progressive MRI signs of pathology in the
quadriceps group (Fig. 5B-C). In the loading response
phase of gait, individuals place the foot flat or toes first to
reduce knee flexion and maintain the force line in front of
the knee joint.60 Attempts to maintain an extensor moment
continue in mid- and terminal stance.61 Early involvement
of the quadriceps also contributes to reduced eccentric
control with squatting or step-down movements, and,
combined with hip extensor involvement, leads to a
dependence on handrails to ascend/descend stairs. At the
ankle, the dorsiflexion moment at initial contact and early
stance is decreased, and in-toeing becomes common
during stance and swing. These alterations may be due to
several factors including a purposeful reduction in knee
flexion, limited ankle dorsiflexion ROM, and a preserved
tibialis posterior that contributes to ankle inversion
(Fig. 5C).60,61

Quantitative muscle MRI measures can give physical
therapists an idea of the fat fraction percentage associated
with specific gait and ambulatory abilities, helping to
guide intervention selection, predict future functional
changes, and predict future needs such as wheeled
mobility. Individuals who can run with a flight phase
average approximately 10% vastus lateralis fat, while those
who can run, but without a flight phase, average
approximately 20% vastus lateralis fat.30 Individuals first
begin losing the ability to ambulate when the quadriceps
reaches approximately 40% replacement by fat; however,
some individuals are able to use compensatory strategies
to continue ambulating even when up to 70% of the
quadriceps has been replaced by fat, suggesting many
factors play a role in maintenance of ambulation.30 This
sentinel event is not age dependent but occurs over a
range of ages. Another group estimated that loss of
ambulation occurs when fatty replacement of the
quadriceps, adductors, and hamstrings reaches 50%.49

Beyond gait, the degeneration of the proximal lower
extremity muscles contributes to classic compensatory
movements such as Gower’s maneuver to rise from the
floor and step-to patterns while ascending or descending
stairs. MRI evidence of gluteal and hamstring involvement
in children ≤6 years old explains why Gower’s maneuver
is often an initial manifestation of DMD.44,50 One MRI
study found that gluteus maximus pathology (measured
by MRI T2) was well correlated with time to rise from the
floor, and loss of this ability was estimated to occur when

the gluteus maximus has >75% fatty replacement and the
vastus lateralis has approximately 45% replacement.23,30,47

Despite muscle degeneration, muscle weakness, and other
individual/environmental factors, individuals with DMD
adopt impressive compensatory strategies to maintain
ambulatory functional skills. Attempting to correct these
postural and movement compensations is typically not
appropriate and may be counterproductive. For example,
attempting to reduce standing lumbar lordosis in an
individual reporting lower back pain during gait may limit
the ability to compensate for significant axial and hip
muscle weakness and degeneration. Other management
strategies may be more appropriate, including positioning
recommendations to relieve stress on the lumbar spine
when not ambulating and referral to a physician to assess
for vertebral fractures. Similarly, physical therapists may
mistakenly believe ankle-foot orthoses (AFOs) will help
gait. As noted in the DMD care guidelines, the use of
AFOs to assist with gait is typically not recommended.1,21

AFOs shift the center of gravity, limiting individuals from
using compensatory strategies during functional
movement and making tasks such as rising from the
floor, walking, and navigating stairs even more
challenging.

Clinicians may believe strengthening exercises are
appropriate in the early phases of DMD since they do not
observe noticeable changes (though pathological changes
likely exist), and the literature indicates that young boys
may not have reached a plateau in their motor skills. While
preliminary evidence suggests sub-maximal exercise using
cycling or isometric contractions may be beneficial to
individuals with DMD,62–64 caution is required for exercise
prescription. Eccentric contractions create a high level of
muscle strain and can cause muscle damage in typically
healthy individuals.65 The muscles of boys with DMD are
more susceptible to this type of contraction-induced
muscle damage and injury from eccentric exercise.6

Therefore, as noted in the care guidelines, eccentric
muscle training or high-intensity exercise in DMD is not
recommended and should be avoided.1

Linking MRI Data to Lower Extremity Contracture
Development
DMD care guidelines state a primary focus of physical
therapy is prevention and/or management of lower
extremity contractures.1,21 Plantar-flexion contractures
typically manifest in the ambulatory stage while loss of
hip and knee extension ROM and progression of ankle
contractures to an equinovarus position often develop
primarily after loss of ambulation.13,66,67 Contracture
development in DMD is ubiquitous and likely
multifactorial, resulting from an interplay between loss of
contractile tissue, replacement by fibrofatty tissue, static
positioning, agonist/antagonist imbalance, and
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compensatory movement patterns.67 The pathophysiology
of contracture development in DMD is not well
understood; however, MRI does offer some clues for
understanding the development of lower extremity
contractures.

Figure 5I illustrates the well-documented sparing of the
tibialis anterior compared with the gastrocnemius and
soleus muscles.52–54 Here, plantar-flexion contracture
development may be multifactorial, potentially driven by
fibrofatty changes in the calf muscles, a preserved tibialis
posterior, and compensatory toe walking rather than
solely by gross agonist/antagonist muscle imbalance such
as preferential dorsiflexor weakness. In Figure 5J, a
nonambulatory individual (−40 degree ankle dorsiflexion)
demonstrates complete fatty replacement of the fibularis
longus/brevis (ankle evertors), degeneration of calf
muscles, and selective sparing of the tibialis posterior,
likely contributing to the equinovarus deformity typical of
the nonambulatory stage. Finally, Figure 5K demonstrates
the absence of quadriceps and hamstring contractile tissue
in a nonambulatory individual. Static sitting position,
limited antigravity quadriceps strength, and fibrosis of the
knee flexors are possible contributors to knee flexion
contractures.67 The efficacy of stretching and bracing in
the presence of significant loss of muscle contractile tissue
and replacement by fibrofatty tissue is not well
understood (see “Looking Ahead”).

Upper Extremity
MRI of Upper Extremity Musculature
Interest in better understanding upper extremity muscle
involvement in DMD has increased as individuals are now
thriving long after loss of ambulation; however, limited
MRI data exist.24,68–71 Two surprising findings from initial
imaging studies are: (1) shoulder girdle muscle
involvement is present well before loss of ambulation
(some degree of involvement of the shoulder girdle
muscles was seen in all 5- to 10-year-old boys in the early
ambulatory stage in 1 study),24 and (2) muscle
involvement may already be present before any decreases
in the commonly utilized Upper Extremity Brooke Scale
(UEBS) or Performance of Upper Limb (PUL) assessments
are seen.72,73 For reference, the UEBS rates individuals
from 1 (able to abduct arms overhead without
compensation) to 6 (has no useful hand function), while
the 22-item PUL assesses upper extremity tasks, including
lifting heavy cans, tracing a path, and picking up coins.

Unaffected controls have little to no fatty infiltration of the
upper extremity muscles (Fig. 6A). Imaging has found that
in DMD, rotator cuff, deltoid, serratus anterior, and
latissimus dorsi muscles are the first muscles affected
involved in arm function.24,68 These muscles also attach to
the thorax, demonstrating the tight connection between
shoulder and axial musculature. Figure 6B represents a

highly functional individual with a UEBS score of 1 and
nearly perfect PUL (41/42 points). However, MRI images in
Figure 6B, as well as in the same individual in Figure 3B,
already reveal signs of fatty infiltration in shoulder girdle
muscles. In fact, most individuals with UEBS scores of 1
and full PUL scores already have fatty infiltration in the
infraspinatus, subscapularis, serratus anterior, teres minor,
latissimus dorsi, and the deltoid on MRI.24

Evidence of fat in the biceps, triceps, and brachialis
becomes noticeable typically in the late ambulatory or
early nonambulatory years.24 However, some younger
individuals show signs of inflammation (increased MRI
T2) prior to increased fat in these muscles.68 Figure 6C
highlights the progression of shoulder girdle muscle fatty
infiltration and the initial signs of upper arm muscle
degeneration in a late ambulatory individual with a UEBS
score of 2 (able to abduct arms overhead only with
compensatory movements) and 39/42 on the PUL. The
forearm muscles are also being studied with MRI as they
are thought to be sensitive to disease progression in later
stages when upper arm and shoulder girdle muscles are
nearing complete degeneration. Imaging studies reveal the
supinator and pronator teres muscles are the first forearm
muscles with fatty infiltration, and this may occur even in
ambulatory individuals.24 However, disease progression of
the forearm muscles is much slower in the ambulatory
phase compared with the nonambulatory phase.71 Once
individuals become nonambulatory, forearm muscle fatty
infiltration increases significantly year to year.69,70

Figure 6D is representative of a nonambulatory individual
with a UEBS score of 3 to 4 (limited antigravity shoulder
strength but able to lift the hand to the mouth) and 22/42
points on the PUL. In this example, the forearm muscles
are already significantly affected.

Linking MRI Data to Upper Extremity Function
Physical and occupational therapists are experts in
assessment of strength and function; however, the UEBS
and PUL assessments may not detect early arm muscle
pathology or functional limitations in DMD. Innovative
measures using Microsoft Kinect platforms have been
developed to quantify the important arm function of
reaching. The Reachable Workspace measure found that
individuals with DMD with UEBS scores of 1 had similar
reaching areas as controls (the trunk was stabilized), but
once the wrist was weighted with a 0.5-kg or 1-kg weight,
the reachable space was significantly reduced.74 The
physical therapist–developed ACTIVE-Seated measure,
which does not provide trunk stabilization, found
decreased seated reaching volume in individuals with
DMD with UEBS scores of 1 compared with controls,
likely due to early trunk muscle weakness.75 These results
demonstrate an ability to capture functional impairments
even in individuals with UEBS scores of 1, and additional
clinical assessments of early arm function or strength
impairments may be informative for physical therapists.
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Figure 6.
Magnetic resonance imaging (MRI) of upper extremity muscle. T1-weighted images of the shoulder, arm, and forearm. (A) The unaffected

control has little to no visible fat in the upper extremity muscles. (B) In this early–ambulatory stage individual (age = 11 y) who can abduct

the arms overhead without compensation, the scapular muscles and deltoid already show fatty infiltration. (C) In a late ambulatory individual

who can abduct his arms overhead only by using compensatory movements (age = 16 y), progression of shoulder complex muscles is visible,

and signs of upper arm muscle involvement are present. (D) Progressive fatty infiltration of the shoulder, arm, and forearm muscles is visible

in this steroid-untreated 12-year-old who cannot abduct his arms overhead but can bring his hand to his mouth. Ant = anterior forearm

muscle group; Bi = biceps brachii; Br = brachialis; Del = deltoid; Inf = infraspinatus; PMa = pectoralis major; Post = posterior forearm

muscle group; Sub = subscapularis; Tri = triceps brachii.

The shoulder musculature both stabilizes and creates
motion at the shoulder girdle complex, and the early and
progressive degeneration of the shoulder muscles in DMD
impair shoulder girdle/glenohumeral stability as well as
mobility. Shoulder pain and stiffness are reported with
increasing frequency as individuals with DMD age and
may need to be addressed by physical therapists. Arm
support systems have been developed with the goal of
maximizing functional shoulder and arm movement, active
ROM, and reaching ability,76,77 and physical therapists can
assist in the trialing and selection of the best arm support
systems for an individual’s specific impairments, daily
environment, and required tasks. Finally, given the early
involvement of axial, shoulder, and arm muscles in DMD,

prescribing a walker for gait assistance is typically not
appropriate and may increase risk of falls and fatigue.

Maintenance of elbow, forearm, and hand ROM are
important goals, particularly in the nonambulatory phase,
to allow individuals to optimize independence with
self-care, feeding, keyboard/phone use, and powerchair
operation. Fibrofatty infiltration of the biceps brachii, with
loss of contractile tissue and more frequent positioning of
the arms on wheelchair armrests, may contribute to elbow
flexion contractures alongside agonist/antagonist
imbalance. In fact, MRI quantification of muscle pathology
shows the triceps brachii is typically slightly less involved
than the biceps brachii in boys and teenagers.68 As noted
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above, forearm muscles, which control wrist/hand
function, progress much slower in the ambulatory phases
of the disease; however, limited supination may appear
while boys are still walking, potentially due to the faster
progressing supinator, pronator teres, and pronator
quadratus. The loss of these motions, in combination with
elbow contractures, can affect functional activities such as
reaching, grooming, self-feeding, and object manipulation
(opening containers, turning objects over, opening doors).
As with lower extremity contracture management,
additional physical therapy research is needed to better
understand upper extremity contracture pathophysiology,
prevention, and management strategies.

Looking Forward
The natural history of disease progression in DMD has
evolved significantly over the last 2 decades, particularly
with the widespread use of corticosteroids from a young
age. Individuals with DMD are very commonly living into
adulthood, but there is limited contemporary scientific
literature addressing the physical therapy needs of boys
and young men with DMD. MRI of dystrophic muscle
compellingly documents the progression of contractile
tissue loss, and in this review, we have detailed MRI
findings in DMD to facilitate understanding of the
compensatory mechanisms used to sustain posture and
functional movement.

Many areas of additional physical therapy research in
DMD are needed, including some that may benefit from
inclusion of imaging measures. One exciting application
of MRI to this population is the use of quantitative
imaging to assess the safety and efficacy of different
exercise intensities and regimens. MRI was recently
utilized as a safety measure to assess any increase in
skeletal muscle inflammation or edema in a pilot study of
a 12-week isometric exercise program.64 Continued pairing
of quantitative MRI with high-quality exercise studies in
DMD may assist clinicians in better understanding what
activities are safe vs damaging. Additionally, as
dystrophin-restoration therapies continue to show future
promise, physical therapists’ understanding of how partial
dystrophin production affects exercise safety will be
important.

Another area of limited research is contracture
management and prevention. Thus far, studies
investigating the benefits of bracing, casting, and
stretching for lower extremity contracture management
have inconclusive results, particularly in relation to
functional improvement.78–81 Differentiating the nature and
mechanisms of contractures in this population is critical to
better guide clinical decisions in DMD. Randomized
clinical trials investigating contracture management and
prevention interventions are needed to more definitively
support or argue against different management
approaches. MRI could be a useful adjunct tool to classify

individuals based on muscle pathology and determine if
interventions have more/less success at different stages of
contractile tissue loss and fibrofatty replacement.

In conclusion, we are opening the door and inviting
researchers and clinicians to critically explore the role of
physical therapy in DMD using contemporary evidence
from imaging studies and high-quality clinical studies as a
guide. The challenge before us is to enhance our
understanding of DMD and optimize therapy
recommendations for families’ already demanding daily
routines and regimens. Our responsibility as providers is
to understand the current literature, including the imaging
literature, to inform best practice and shape the future of
interventions for this population by studying the effect of
therapy interventions at the impairment, activity, and
participation levels in people with DMD.
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