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INTRODUCTION

Remarkable advances in molecular biology and genetics raise hopes for finding cures for many
of the genetically determined neuromuscular disorders. As researchers work to find cures,
clinicians continue to work with individuals with neuromuscular disorders to minimize the clinical
impact of the cellular pathology of each disorder (e.g. the myopathic process that occurs with
dystrophin deficiency), to prevent secondary complications, to promote and maintain the
maximum level of function and functional independence, and to achieve and maintain the highest
possible quality of life for all individuals in spite of the disease process and/or progression If
quality of life is the focus for all individuals as we wait for a cure, effective intervention can be
offered in many areas by using continually updated skills and resources, ingenuity, and a
comprehensive understanding of each neuromuscular disorder. Comprehensive, anticipatory
management, based on a thorough understanding of the pathophysiology and pathokinesiology
of the diagnosis can offer individuals with dystrophinopathies a higher quality of life and can
minimize the clinical and functional impact of the diagnosis. Optimal management is important
for each individual not only for the sake of each day that is experienced as we wait for a cure, but
for protection of the future that unfolds for that individual, and in order to help individuals stay on
the best possible condition to make use of cures as they are found.
Dystrophinopathies are progressive neuromuscular disorders characterized on a cellular level by
genetically based dystrophin deficiency and characterized clinically by progressive muscle
degeneration. The pathokinesiology of disease progression is well understood in terms of cycles
of progressive weakness, postural compensation, development of contracture / deformity, loss of
function, and respiratory/cardiac compromise1-11. Identification of the genetic defect responsible
for dystrophinopathies and the protein for which the gene is responsible, has been followed by
greatly expanded, but still incomplete, understanding of the pathophysiology of dystrophin
deficiency and by beginning success in the use of vectors to transport the gene into muscle cells
with resultant expression of dystrophin, the use of antisense oligonucleotides to repair mutations,
and other treatments that may significantly change the course of DMD/BMD and may one day
offer a cure. Once believed to be different clinical entities, Duchenne muscular dystrophy (DMD)
and Becker muscular dystrophy (BMD) are now known to be variations on the continuum of a
dystrophinopathy caused by different amounts / types of damage to the same gene locus.
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A self-perpetuating circle of events was described in DMD by Roy and Gibson12 in which
imbalanced muscle weakness, compensatory movement patterns and postural habits, and the
influence of gravity interact in the progression of disability. Weakness progresses proximal to
distal and is first evident in muscles around the shoulder and pelvic girdles. In addition to
weakness that occurs due to actual muscle degeneration, weakness may also seem to
"progress” in proportion to growth. The compromising impact and effect of gravity increases in
magnitude with increased size as the muscles are less able to cope with an increase in mass.
As weakness increases, compensatory alterations are made in posture and movement to
mechanically lock joints and substitute for lack of adequate muscle strength. The substitutions
are effective in maximizing function but eventually lead to muscle tightness, contracture and
deformity that feed into increasing weakness and disability. Effective intervention is that which is
focused on breaking the vicious circle of events whenever possible so that strength is maximally
maintained, contracture and deformity are minimized, and compensations can be used to
maximize function without leading to increases in disability.
The clinical course of DMD is changing with the use of steroids13-25 with the potential to delay /
prevent / minimize the secondary musculoskeletal impairments that have been part of the natural
history. The principles of management of these impairments remain important, nonetheless, in
order to work towards the highest levels of musculoskeletal status and function for each
individual at each step along the way – with the hopes that greater success in management will
be achieved for more individuals with less need for aggressive intervention.
The key to management of DMD, and in fact most neuromuscular disease, is it's predictability.
Clinically, DMD is one of the most predictable neuromuscular disorders found in pediatrics.
Muscle weakness progresses in a specific and well known order. Predictable compensations are
used to cope with this increasing weakness. Specific muscle tightness, contracture, and
deformity can result and occurs in predictable sequences without intervention. This predictability
is a double-edged sword. On the one hand, the predictability is evidence of that which we cannot
change. But on the other hand, knowledge of the predictable progression empowers us to plan
ahead and treat with prospective, preventative, anticipatory management. Many of the
devastating secondary effects of the intrinsic dystrophic process can be minimized with
comprehensive, ongoing, anticipatory, and preventative management that maintains the highest
possible quality of life despite disease progression.
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DUCHENNE MUSCULAR DYSTROPHY:

Disease progression in DMD is often divided into 3 stages: early, transitional, and late or nonambulatory. Comprehensive management of Duchenne must be based on a thorough
knowledge of the progression of and interaction between weakness, compensation, and
tightness/deformity at each stage.

EARLY STAGE
weakness in:
- hip extensors (gluteus maximus)
- ankle dorsiflexors
- hip abductors (gluteus medius)
- hip adductors
- abdominals
- neck flexors (sternocleidomastoid)
- shoulder depressors and extensors (lower trap & latissimus)
- shoulder abductors (deltoids)
- elbow extensors (triceps)
compensations:
- * ↑ 'd lumbar lordosis (posterior trunk lean) to keep force line behind hip
joint (initially see less anterior pelvic tilt as hyperextension is used
at hip joint in stance as long as quadriceps are strong enough to
counteract force moment into knee flexion)
- lack of heelstrike
- ↑ 'd hip flexion during swing to clear foot
- foot may be pronated and everted
- may see "hip waddling gait" as do not get adequate forward
weight shift
- ↑ 'd upper extremity (UE) abduction and lateral trunk sway
- cadence ↓ 's
- Gower's maneuver
* neck and UE weakness not usually noticeable functionally but
apparent with testing
Typical early picture is to see "clumsiness", delayed achievement of motor milestones of crawling
and/or walking, and "flat feet".
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TRANSITIONAL STAGE
weakness : - progresses in muscles listed under early stage
** quadriceps weakness - ** key to real gait deterioration **
- ankle everters (peroneals)
compensations:
** must get line of gravity simultaneously in front of knee joint and
behind hip joint - use: - anterior pelvic tilt
- diminished hip extension in stance
- base of support widens:
- balance
- tight iliotibial bands
- ↑ 'd ankle plantarflexion and equinus positioning - to give torque
that opposes knee flexion
- begin to see increased falling
- also get inversion with posterior tibialis relatively stronger - leads to
unstable subtalar joint and more falling due to "twisting of the
ankle" - although most of falling is due to weakness in
quadriceps and "knee buckling".
tightness develops in:
- iliotibial band and tensor fascia lata
- hip flexors
- hamstrings
- gastrocsoleus
- posterior tibialis
** important to remember that 2 joint muscles get tight first **
functional losses: in activities of elevation against gravity
- ability to rise from the floor.
- stairclimbing.
- rising from a chair.
maximally compensated gait:
- standing and walking way up on toes with wide base of support and extreme
lumbar lordosis.
- extreme lateral trunk lurch and UE abduction
- neck used as final adjustment mechanism with extreme flexion with chin tucked
** may be asymmetrical with child standing with weight on one foot and
balancing with other in extreme plantarflexion.
** the time period in which maximally compensated gait is used is the last time
that the use of long leg braces, with or without lower extremity surgery, can be
considered in order to prolong ambulation.
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LATE OR NON-AMBULATORY STAGE
weakness: - continues to progress relentlessly in muscles listed previously
and becomes profound.
- UE weakness becomes more significant functionally and is
imbalanced:
- elbow extension weaker than flexion.
- forearm supination weaker than pronation.
- wrist & finger extension weaker than flexion.
- neck extensors, hamstrings, posterior tibialis are relatively
spared until quite late in the disease
- distal hand function is relatively preserved, at least in long
flexors but may be functionally compromised by lack of
proximal stability and/or scoliosis requiring use of hands for
sitting stability
compensations:
- prior to the loss of ambulation, most compensations are used to
maintain an upright posture and facilitate ambulation.
- after the loss of ambulation, compensatory movements are
primarily used to:
- achieve support and stability in sitting.
- assist UE function.
- compensatory movements include:
- leaning for stability.
- contralateral trunk leaning during UE function to substitute
for shoulder girdle weakness in arm lifting (deltoid
weakness in abduction).
- backward leaning/lurching to compensate for deltoid
weakness in forward flexion and biceps weakness in
elbow flexion.
- leading with head (especially using neck extensors) to shift
weight and compensate for weak trunk musculature.
- using mouth to grab fingers and move arm to substitute for
proximal UE musculature.
- pivoting forearm on elbow to substitute for elbow flexors.
tightness: -accelerated development of LE contractures
- beginning development of UE contractures:
- tightness into elbow flexion and pronation.
- tightness in wrist and finger flexors.
- may not be significant contractures around shoulder girdle.
- tightness in neck (cervical) extensors
*scoliosis: the development of scoliosis is a major complication of the late,
non-ambulatory, or "wheelchair" stage
functional losses in: - UE abilities
- sitting ability
- head control
- ADL - bathrooming, constipation, sleeping comfort
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SCOLIOSIS
Considered a major complication of the "wheelchair" stage, scoliosis has been described during
the ambulatory stage. Scoliosis that emerges during the ambulatory stage is a flexible, functional
scoliosis related to the final, asymmetrical, maximally compensated gait pattern used prior to the
loss of ambulation. Fixed scoliosis during the ambulatory stage is minimized spontaneously by
protective spinal hyperextension and lateral trunk lurching and cannot be interfered with without
compromising ambulatory status.
Scoliosis in ambulatory stage:
- flexible, functional scoliosis related to:
- asymmetrical LE position/contracture
- pelvic obliquity
- asymmetrical realignment of shoulders, head, UE
** fixed spinal asymmetry is minimized spontaneously at this stage by:
- prolonged, protective spinal hyperextension and locking of posterior
intervertebral facet joints at lumbar and lumbosacral levels.
- alternating torso shift and lateral trunk elongation.
- with prolongation of ambulation by LE surgery and bracing, may get slower
development of scoliosis via:
- prolongation of protective spinal hyperextension maybe through
adolescent growth spurt.
- continued torso shift and lateral trunk elongation over symmetrical lower
extremities.
** factors that influence whether or not scoliosis appears prior to final loss of
ambulation:
- age at which walking ceases.
- intervention used or not used to prolong ambulation.
- final gait pattern.
- generally agreed upon is that:
- these curves are not fixed.
- they are functionally necessary for ambulation.
- they should not be corrected or ambulation will be lost.
- attempts should be made to minimize long term effects
of asymmetry with stretching, positioning, etc...while allowing
compensations necessary for function.
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Scoliosis in non-ambulatory period:
Scoliosis as a significant problem in Duchenne muscular dystrophy is that which either begins or
develops more rapidly as ambulation is lost and full time use of a wheelchair begins. It is one of
the most serious and disabling complications of Duchenne. Scoliosis can progress to a level of
incapacitating severity that compromises pulmonary function, sitting ability, upper extremity
function, comfort, and cosmetic integrity. The progression of scoliosis is variable, however, and
final deformity ranges from mild in some individuals to severe in others. The significance of the
variability is in the opportunity it offers for effecting change and for making use of intervention
that may prevent or minimize the development of scoliosis. Attempts at successful management
must be based on a comprehensive understanding of the factors that contribute to the
development of scoliosis. Aggressive conservative management must be coordinated with
consideration of surgical options in order to prevent in all individuals with Duchenne muscular
dystrophy the catastrophic progression to severe deformity.
Factors that contribute to the development of scoliosis can be divided into those factors that
make the spine vulnerable and those factors that initiate asymmetry.
factors that make the spine vulnerable:
- severe symmetrical weakness in trunk musculature:
- decreases spinal support and stability
- without external support, the spine is vulnerable to external forces it cannot
oppose
- rapid vertebral growth during adolescent growth spurt:
- often coincides with, or follows, the loss of ambulation
- increases vulnerability to potentially deforming forces. (the musculoskeletal
system is known to be more vulnerable to any deforming force during
periods of rapid growth).
- loss of protective spinal hyperextension:
- spinal hyperextension is decreased or eliminated when the boys begin to sit
full time:
- posterior intervertebral facet joints are unlocked and allow more lateral
flexion (bending) and rotation.
- stretching of posterior spinal ligaments with kyphosis
- can be exacerbated by posterior pelvic tilt caused by tight hamstrings and
lower extremity alignment in sitting
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asymmetrical forces imposed on the symmetrically weak and vulnerable spine:
- compensatory movement patterns used:
- for stability - Tend to lean on one arm of the wheelchair, may lean forward
also - tends to push that shoulder up.
- for UE function - Use lateral trunk flexion towards the contralateral
(opposite) side when elevating or abducting one upper extremity,
in order to substitute for weak shoulder muscles. With persistent
leaning towards the non-dominant side, a curve with convexity
towards the side of dominance can develop.
- pelvic position:
- posterior pelvic tilt - can further exacerbate an asymmetrical loss
of spinal hyperextension by asymmetrically tightness in
hamstrings
- pelvic obliquity (lateral pelvic tilt)
- pelvic rotation (in horizontal plane)
**pelvic rotation and obliquity can be present in sitting from:
- pre-existing asymmetry of soft tissue contracture around
hips & pelvis (example: hip flexors, iliotibial bands)
- asymmetrical pelvic position in the absence of asymmetrical
contracture, from:
- sling seat
- poorly fitting wheelchair
* any unstable sitting surface
- lower extremity position:
hips can have a direct effect on pelvis, then spine, as described above:
- asymmetrical hip flexor +/or iliotibial band tightness or contracture
- tight hamstrings leading to posterior pelvic tilt & kyphosis
foot/ankle asymmetrical contracture into equinovarus from unopposed
posterior tibialis & gastrocsoleus - tighter side pushes pelvis back
into posterior horizontal pelvic rotation on same side.
The deforming force of gravity on the vertebral column increases in the presence of
asymmetrical spinal-pelvic alignment that compromises the simple mechanical ability of the
vertebral column to withstand the force of gravity. In addition, the resultant unequal distribution
of weight on epiphyseal growth plates increases the potential for an initial flexible scoliosis to
become structural.
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interaction between factors:
- symmetrically weak and vulnerable spine is present in all individuals with DMD
when ambulation is lost.
- particular vulnerability is present in those who lose protective spinal
hyperextension
** initiating factor that is imposed upon spine with potential to cause asymmetry
and progressive scoliosis may be any one of previously described factors
and may be different in each person.
- once asymmetry is initiated, secondary asymmetries are established and spinal
deformities can progress in a self-perpetuating circle of weakness,
compensation, and contracture.

© 1985 Case, L.E. from: Physical Therapy Management of the Spine in Duchenne Muscular
Dystrophy. Postgraduate Fellowship Project – Postgraduate Fellowship in Pediatric Physical and
Occupational Therapy - University of North Carolina at Chapel Hill.
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typical patterns of progression:
- two typical pathways described by Wilkins & Gibson26:
- "unstable pathway" to severe scoliosis
- "stable pathway" to hyperextension without scoliosis
- three distinct clinical courses described by Rideau27:
- rapidly progressive with severe scoliosis
- moderately rapid progression with varying amounts of scoliosis
- more slowly progressive without scoliosis
- "natural" progression described by Hsu28
impact of scoliosis:
- respiratory
- sitting ability - scoliosis compromises sitting more than does weakness28:
with curves > 40 degrees, cannot sit without propping on arms.
with curves > 80 degrees, cannot tolerate sitting for long periods.
- UE function - can be compromised by having to prop on upper extremities:
* since weakness progresses proximal to distal, hand function should
remain relatively well preserved until late in the disease and should be
maximized as an area of greatest residual function.
* premature loss of effective hand function because of scoliosis is
unnecessarily disabling.
- comfort
- cosmesis
OSTEOPOROSIS / RISK OF FRACTURE
Osteoporosis and increase risk of fracture has been reported. Osteoporosis in the long bones of
ambulatory individuals with DMD has been correlated with the level of muscle weakness29 and is
present long before ambulation is lost30, 31. Osteoporosis in the long bones of individuals with
DMD decreases significantly after the loss of ambulation, is lower in long bones than in the
vertebral column31 is worse in the lower extremities than in the upper extremities, and is
exacerbated by the use of steroids32. Long bone fracture in individuals with DMD occurs most
frequently with a fall29 but can also occur without a history of trauma33. Individuals with DMD show varied
levels of decrease in BMD in the vertebral column while ambulatory31, 32 with rapid losses in vertebral
BMD once ambulation is lost31 and with increased rate of verebral compression fracture with the use of
steroids34-36.
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RESPIRATORY INVOLVEMENT
Respiratory insufficiency is the major cause of death in DMD with 90% of patient death related to
chronic respiratory failure and its complications. Respiratory function can be compromised by a
number of factors:
* progressive muscle weakness interacts with spinal/thoracic deformity to result
in severe decline in pulmonary function.
* intrinsic lung disease is not present.
Involvement includes:
Less effective breathing due to muscle weakness:
- Weakness progresses in intercostal muscles, abdominal muscles, and neck flexors
with relative sparing of diaphragm until later in the disease. ** Relative sparing of the
diaphragm is important because the diaphragm is responsible for 70% of quiet respiration.
It is the primary muscle of respiration and can be strengthened.
- A diaphragmatic pattern of breathing is used with very little intercostal activity. This
restricted pattern of breathing and increasing muscle weakness leads to an inability to
expand and compress the lungs fully.
- Total lung capacity, vital capacity, and forced inspiratory and expiratory abilities
decrease and residual volume increases.
- Progression:

shallow breathing
↓
more rapid breathing (to get rid of CO2 )
↓
less chest or lung volume/expansion
↓
decreased breathing volume

Decreased lung expansion: leads to little areas of collapse of lung tissue
(i.e. atelectasis vulnerable to infection).
Decreased coughing ability: due to weakness in abdominals and muscles
of forced expiration as well as decreased ability to take a deep breath just
before coughing. This leads to retention of secretions. Coughing becomes difficult when
forced vital capacity is < than 1.25 liters an/or when peak flow cough is < than 200-160
liters/minute (Michelle Eagle, PT, PhD – personal communication & presentation 7-03 at
Parent Project Muscular Dystrophy Conference)
Restricted thoracic mobility and stiffening of the chest wall result from
fibrous replacement of the muscles of the thoracic wall as well as from
restricted patterns of breathing and decreased lung movement. This leads to
further decrease in lung mobility and expansion. It may be accompanied by
ankylosing of the joints.
Impact of spinal deformity on respiratory status: The respiratory
insufficiency of DMD may be compounded by scoliosis when present.
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** see consensus statement and guidelines:
Finder, JD, Birnkrant, D, Carl, J, Farber, HJ, Gozal, D, Iannaccone, ST, Kovesi, T, Kravitz,
RM, Panitch, H, Schramm, C, Schroth, M, Sharma, G, Sievers, L, Silverstri, JM, Sterni, L:
Respiratory Care of the Patient with Duchenne Muscular Dystrophy. American Journal of
Respiratory and Critical Care Medicine Vol 170, 456-465, 2004 by

CARDIAC INVOLVEMENT
Cardiac muscle is affected by the dystrophic process. Myocardial fibrosis may occur, primarily
involving the free wall of the left ventricle. Cardiac involvement may be also be affected by
respiratory status and by scoliosis that, if severe, can cause direct cardiac compression. Cardiac
involvement is frequently progressive and may be eventually characterized by the ECG
abnormalities, hypertrophic cardiomyopathy, dilated cardiomyopathy.
Cardiac involvement across the spectrum of muscular dystrophies may also include AV block,
atrial paralysis, atrial fibrillation or flutter, ventricular arrhythmia, conduction defects, reduced
ejection fraction.
Cardiac involvement in Becker muscular dystrophy is often out of proportion with skeletal muscle
involvement, additionally taxed by increased level of gross motor activity, with cardiac
transplantation a viable option in some cases.
Carriers may be have cardiac manifestations and should be assessed and followed.
** see consensus statements regarding management of cardiac involvement in muscular
dystrophy **:
Cardiovascular Health Supervision for Individuals Affected by Duchenne or Becker
muscular dystrophy, Pediatrics Vol 16 No 6, 2005
Bushby, K., Muntoni, F., and Bourke, J.P. (2003). 107th ENMC International Workshop:
The management of cardiac involvement in muscular dystrophy and myotonic dystrophy.
7th-9th of June 2002, Naarden, the Netherlands - Neuromuscular Disorders 13(2003) 166172
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PHYSICAL THERAPY MANAGEMENT
ASSESSMENT
Assessment must be ongoing and comprehensive so that intervention can be timely and
anticipatory. Specific areas of weakness, tightness, and compensation must be identified in
order to allow intervention that maximizes strength, prevents deformity, and provides for effective
adaptive functioning to the greatest extent possible.
- range of motion (ROM)
- postural alignment
- spine: standard assessment plus:
- presence or absence of functional compensatory leaning.
- influence of pelvic and LE positioning/contracture in all planes in sitting and standing.
- tendency towards hyperextension vs kyphosis.
- positioning and support required in wheelchair, if applicable.
- developmental/functional status:
- assessment in all positions and transitions between positions.
- compensatory movement patterns and resultant risks.
- activities of elevation, antigravity function.
- manual muscle test (MMT).
- respiratory status:
- vital capacity
- patterns of breathing
- cough
- knowledge of pulmonary hygiene
- gait/mobility status:
- assessment of gait including patterns used to compensate for weakness,
asymmetries, influence of tightness/contracture
- functional mobility in all situations
- endurance
- wheelchair or mobility status/planning:
manual wheelchair
motorized device
- fine motor status
- adaptive equipment, including wheelchair (see spinal management for specifics of
assessment of wheelchair and wheelchair positioning)
- orthotics/casting/bracing
- weight
- functional independence and caregiver/home status
- activities of daily living (ADL)
- functioning at home and at school
- typewriters, computers
- environmental control
- support system for child and caregiver
- physical environment and accessibility
- transfers
- comfort (example// sleeping)
- child and family's understanding of diagnosis
- child and caregiver's inputs and concerns
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INTERVENTION STRATEGIES
Physical therapy in early care:
- assessment
- education of family
- prevention of deformity
- maximization of strength and functional capabilities
- establishment of therapy programs and home programs
- intervention to maintain ambulation (if appropriate)
Physical therapy in middle stage care (following loss of ambulation):
- continuation of early stage program, plus:
- aggressive spinal program
- wheelchair management
- adaptive functioning
- transfers/body mechanics emphasis...home consults
Physical therapy in late stage care:
- continuation of above program, plus:
- consultation regarding fatigue levels, positioning and endurance in positions,
comfort, maximizing of UE function and vocational/classroom adaptation.
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STRETCHING, POSITIONING, & PREVENTION OF DEFORMITY
With weakness and compensation there is often no way to eliminate a compensatory position
without eliminating the function (for example, ambulation, UE function), but we must try to find
compensations that pose less of a risk of deformity and we must try to avoid the contractures that
contribute to the self perpetuating evolution of weakness/ contracture/ functional loss. With more
severe weakness, positioning for function and for management of the musculoskeletal system
should be offered. The effects of chronic positioning, the unopposed influence of gravity, and
imbalanced muscle activity around joints contribute to the development of hypoextensibility
(tightness) and are most successfully managed preventatively by support of adequate positioning
augmented by daily range of motion / stretching, appropriate use of splinting, casting, orthotic
intervention and adaptive equipment, and standing if possible.
In Duchenne muscular dystrophy, the most severe contractures occur in 2 joint muscles and
those that have a postural function. Characteristic tightness over the course of the disease
occurs in:
lower extremity:
iliotibial bands
tensor fascia lata
hip flexors
hamstrings
gastrocsoleus
posterior tibialis

upper extremity:
elbow flexors
forearm pronators
wrist/finger flexors

thorax
spine
(including cervical spinal extensors or “neck extensors” in older individuals)
- passive stretching - must be done daily and is best augmented by standing
**active assistance - use whenever / wherever possible to counteract pushing
- PNF contract/relax - use whenever / wherever possible
- joint mobilization - patella (knee cap)
- anterior/posterior movement of tibia on femur
- traction - on all joints
- elbow
- myofascial release techniques
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- modalities: may be used - for comfort
- for a more effective stretch
- for a more physiological stretch
- heat: increases comfort, increases plasticity in tissues but have to avoid
excessive generalized heat that can cause fatigue & compromise strength
- hot packs - localized use on:
- knees
- hands
- after bath time at home
- casting/orthotics:
- for use at night or during rests periods (e.g. when watching TV)
- ankle foot orthoses (AFO’s) for plantarflexor tightness
- wrist / finger splints- for wrist/finger flexors
- knee immobilizers or knee extension splints
- serial casts
- for function in certain circumstances:
- ambulation
- for support of wrist extension for hand function
- positioning: - prone lying
- wheelchair positioning
- Nada chair for stretching hamstrings
- standing:

- long leg braces (KAFO's)
- tilt tables, standing tables, hydraulic standers, standing wheelchairs

** standing may be instrumental in minimizing osteoporosis as well as minimizing lower
extremity contracture, as has been shown in other diagnoses37-41and as has been
recommended for consideration for individuals with DMD35, 42.
***A stretching program should begin early in the course of the disease. A stretching
program is more effective and more easily established as part of the daily routine if it is
begun before muscle tightness/contracture is established and before stretching is
painful.***
*LET CHILD BE IN CHARGE OF THE STRETCH WHENEVER POSSIBLE*
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STRENGTHENING - DYSTROPHINOPATHIES
The role of muscle activity and the effects of exercise on the progression of muscle degeneration
in dystrophinopathies are not yet fully understood because the role and mechanism of dystrophin
deficiency itself in the complex mechanisms that lead to muscle degeneration are not fully
understood. Cycles of degeneration and regeneration occur in the presence of dystrophin
deficiency, but it is unclear what initiates and influences these cycles, and how these cycles are
related to factors such as altered strength and stability of the cell membrane, increased
permeability of the cell membrane, altered mechanisms of Ca++ regulation, calpain activity,
ischemia, mast cell infiltration, satellite cell function and proliferative potential, basic fibroblast
growth factor (bFGF) activity, activity of platelet derived growth factor (PDGF) receptors,
endomysial and perimysial fibrosis, and eventual replacement of muscle by fibro-fatty connective
tissue. The effect of active muscle contraction on integrity of the plasma membrane and the
contractile unit in the presence of the structural, physiological, and biochemical vulnerability
intrinsic to dystrophin deficiency is not completely clear and may relate to the strength and
duration of contraction and the load imposed. The mechanism behind progressive failure of
regeneration in human DMD and canine CXMD as opposed to a potentially greater retention of
regenerative capacity of the mdx mouse is not fully understood. The potentially greater retention
of regenerative capacity of the mdx mouse may be less than believed in the past as clinical
musculoskeletal impairments seen in humans and in canines have been described in mice if they
are followed longer43.
The fibrosis that occurs in DMD and CXMD but perhaps less in mdx muscle is not well
understood, but may differ between species and could be significant in long term differences in
regeneration. Fibrosis may present vascular and structural impediments to regeneration and
may increase the protease activity of the calpain system by creating conditions of ischemia. The
increased stiffness of fibrotic connective tissue may further tax remaining contractile units by
increasing the load against which they must work. The proliferation of connective tissue occurs
prior to extensive cell necrosis and is not simple scarring secondary to chronic tissue damage.
Ongoing fibrosis and infiltration by connective tissue, primarily type III collagen, steadily
accompanies degeneration. Abnormal distribution of, or response to, bFGF has been postulated
to occur secondary to changes in membrane permeability and/or membrane bound signalling
(Hoffman & Gorospe, Hardiman,& Partridge) with significant differences noted between
DMD/CXMD and mdx muscle.
A certain amount of muscle activity has been assumed to be beneficial in preventing disuse
atrophy, maintaining residual strength, providing or maintaining a potential trophic influence on
muscle of active movement, and maintaining functional status and flexibility. Overwork
weakness, however, must be avoided, as must exercise-induced damage. Concerns about
whether or not strengthening activities hasten the progression of weakness in dystrophic muscles
are longstanding and exist for many reasons, yet precise knowledge regarding what types of
muscle activity may be detrimental or beneficial is limited. Eccentric muscle activity and maximal
resistive exercise are believed to be detrimental and should be avoided. Less is known about
lower levels of activity. Some of the evidence regarding the damage of heavy exercise and
eccentric contractions come from studies of normal muscle. Even in non-dystrophic skeletal
muscle, very heavy exercise and/or compensatory hypertrophy results in fiber splitting, vacuoles,
and necrosis with proliferation of connective tissue as well as fiber hypertrophy. Exercise in
inadequately conditioned muscles can lead to injury of various degrees (Armstrong et al 1991).
Early studies suggested that programs of long-term submaximal isokinetic exercise were
beneficial if started early in the course of the disease when strength was at its maximum. Early
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studies suggested that exercise did not appear to hasten weakness in young children or in young
animal models although some evidence also seemed to suggest that the dominant upper
extremity weakens first. Subsequent studies continued to suggest that gentle exercise does not
hasten weakness in the human (Jackson et al 1987), or the mdx mouse, and that even more
aggressive exercise does not cause exercise induced damage in the mouse model. However,
studies of the canine model suggest vulnerability even to mild forms of exercise. Questions still
remain about to what extent muscle activity in and of itself, may be damaging.
The identification of dystrophin's location as a link between the intracellular cytoskeleton and the
external matrix suggests a mechanical, protective role in addition to the physiological and
biochemical roles of the entire dystrophin-glycoprotein complex and associated parts of the
muscle cell, all of which are assumed to be compromised in the dystrophin deficient muscle cell.
The role of muscle activity in causing damage to the cell vs contributing a trophic influence is not
yet known. Whether or not active movement has a role, positive or negative, in the fibrotic
process is not clear.
Clear guidelines for the appropriate amount and type of exercise do not yet exist. Submaximal
levels of isokinetic and aerobic exercise have been recommended in the past in order to prevent
disuse atrophy and maintain residual strength while avoiding overwork weakness. These
exercise programs were recommended to be started early in the course of the disease since
exercise has been believed to be most effective in increasing / maintaining strength if it is
initiated when residual strength is at its maximum.44, 45
***long periods of rest and immobility should be avoided, even during periods of illness
because functional losses can occur ***
possibilities for exercise:
- control of alignment for optimizing biomechanical advantage
- positioning and support for function
- movement facilitation
- PNF active assist
- swimming
- submaximal
- functional –
- trike riding – if not against too much resistance (i.e. not uphill)
fatigue: criteria for assessing fatigue is vague: if feel well rested after a good
night's sleep, exercise level probably o.k.
particular areas in which strength is lost early:
- neck flexors
- abdominals
- shoulder girdle musculature : especially deltoids, latissimus, stabilizers
- pelvic girdle musculature: especially gluteals
- knee extensors
- ankle dorsiflexors
* specific areas indicated by individual evaluation
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PROMOTION / PROLONGATION OF STANDING AND
AMBULATION WITH KAFO'S (LONG LEG BRACES)
(with or without lower extremity orthopedic surgery)
Controversy in the field has existed regarding whether or not to recommend orthopedic lower
extremity surgery and lower extremity bracing as ambulation was about to be lost. In groups
advocating the use of long leg braces, controversy was historically focused on identification of
appropriate candidates and conditions, with a general consensus that this choice would not be
made until ambulation was about to be lost. Subsequent controversy focused on timing of
surgical intervention as well as candidacy, with some authors advocating early surgical
intervention (Rideau, 1996) and other authors recommending more traditional methods of
surgical intervention and bracing (Vignos, 1996).
pros:
- promote / prolong functional status in walking and ADL.
- more effective control of lower extremity contractures.
- delay/minimization of severe osteoporosis.
- easier weight control.
- improved cardiovascular/cardiopulmonary conditioning.
- easier transfers.
- delayed or diminished scoliosis.
cons:
- walking maintained is not necessarily functional
- effort required may impose excessive exercise, depending on amount of
walking done and amount of effort required
- prolongs struggle and dependence vs freedom of wheelchair
- psychological damage of effort towards that which will eventually fail
Consensus has usually been that...in the right situation, with an experienced team, it can be
beneficial for some children. Critical considerations include: dedication, motivation, and coping
mechanisms of the child and family; skill, experience, and dedication of the team, especially if
L.E. surgery is needed to maintain ambulation (pediatric orthopedic surgeon, anesthesiologist,
P.T., orthotist); lack of excessive obesity; simultaneous emphasis on functional independence;
appropriate timing; and conscientious following of well developed and tested protocol for
management.**
Choices should not be made between ambulation and functional mobility - bracing for supported
ambulation and the use of motorized mobility for functional independent mobility are often both
appropriate.
Individuals already walking should be educated about making choices regarding bracing and
surgery to maintain ambulation before a decision is at hand. Consideration of a major decision
such as this should not have to occur at the last minute, in a crisis mode, when walking is about
to be lost. The use of braces may evolve gradually as the need for stretching and support
grows. Choices should be discussed openly in an ongoing manner as needs change.
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RESPIRATORY PROGRAM
goals:
- to maintain chest wall mobility
- to maintain strength and endurance in respiratory muscles as much as
possible (also by providing them with sufficient rest)
- to establish and maintain most efficient breathing pattern possible
- to establish good pulmonary hygiene
- to coordinate with pulmonary team
- to support appropriate use of noninvasive inspiratory and expiratory aids
suggestions:
- inspiratory exercises / segmental breathing
- to strengthen diaphragm
- for lung expansion and chest wall mobility
- for more efficient breathing
- swimming
- breath control
- breathing patterns
- endurance
- practice coughing, and use of mechanical assistance
- GPB - glossopharyngeal breathing
- postural drainage as necessary, with use of percussion or oscillatory vest
- periodic review of pulmonary hygiene techniques for at home
- spinal program to attempt to avoid potential further compromise of
respiratory system by scoliosis
- inspiratory muscle aids:
example: nocturnal or daytime IPPV (with volume ventilator, BiPAP)
- expiratory muscle aids:
example: mechanical insufflation-exsufflation (MIE)
(“Cough Assist” is common brand)
- coordination with team for anticipatory management regarding potential trach
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SPINAL MANAGEMENT
intervention described in the literature:
- prolongation of ambulation
- external support:
- bracing
- specialized seating systems
- wheelchair modifications
- promotion of upper extremity symmetry
- control of lower extremity position
- spinal surgery
Physical therapy management of the spine in the individual with Duchenne muscular dystrophy
or spinal muscular atrophy must involve ongoing evaluation and intervention. Ongoing
evaluation must attend to the asymmetrical forces acting on the vulnerable spine and should
include assessment of:
- pelvic position
- spinal alignment including - medial-lateral alignment
- rotational tendencies
- amount of extension
- symmetry vs. asymmetry
- lower extremity position and its effect on the spine
- compensatory movement patterns and positioning
goals of P.T. management of the spine:
** maintained ambulation and standing as long as possible
**promote spinal extension in sitting
** maintain maximal symmetry of positioning in wheelchair
** limit use of compensatory movement patterns that lead to deformity
** provide for UE function with symmetry
** maintain flexibility
suggestions for management:
wheelchair support/positioning - the individual's chair should fit well and
provide support that achieves:
* sitting position characterized by :
- a level pelvis without obliquity or rotation
- a straight, erect, midline spinal position
- elimination of kyphosis and encouragement of hyperextension
- symmetrical LE position with good foot placement (not too much
plantarvarus) and without hip abduction
* sufficient trunk support so that asymmetrical leaning is not necessary for
maintenance of an upright position
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* control of asymmetrical movement patterns
specific recommendations for wheelchair seating system components include:
- solid seat attached to frame of chair
- solid back attached to frame of chair
- pelvic control in all planes:
- hip control blocks (hip guides)
- seat belt appropriately located and/or adapted
- subASIS bar ?
- knee pads (adductors) to control abduction
- should be “flip-down”, “swing-away”, or removable to allow use of urinal
- planar, rigid, lateral trunk supports - appropriately located and strong
enough to:
- prevent the need to lean laterally for stability
- stop compensatory for UE function
- control of LE position - might include:
- foot plate appropriately located and angled
- ankle straps ?
- padded footrests or foot cradles
- polypropylene AFO's ?
- surgical correction of ankle/foot deformity ?
- arm rests appropriately located to encourage spinal extension rather
than kyphosis
- chest strap (in older individual) in order to provide additional support
that centers trunk and allows leaning into lordosis
- lumbar roll as appropriate to encourage spinal extension
- head support as needed – perhaps with lateral support in older individual
* power tilt-in-space, power recline mechanism with power elevating leg rests for
older individuals - for changes in position, maintenance of skin integrity,
opening up of hip and knee ankles to assist in minimizing the
development of contractures
* power seat elevation for access to the environment
* power standing capability for independence in rising to stand
control of asymmetrical compensatory movement patterns
1. evaluate during all functional activities (wheelchair driving or propulsion,
writing, eating)
2. stop compensatory lean !
3. provide for function with symmetry - might include:
- relocation of wheel control box
- closer to hand on wheelchair arm to prevent need for reaching ?
- use of non-dominant hand ?
- alternate sides periodically ?
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- central location ? (but this can compromise stability and
increase need for leaning)
- raised desk/tray/table height - works very well to allow pivoting of arm on
elbow while sitting erect
- balanced forearm orthoses
- overhead sling
- other adaptive equipment
standing - to assist in control of LE contracture and to encourage spinal
extension as well as offering more general physiological benefits
- hydraulic standers (examples: Easy Stand, Grand Stand)
- tilt tables
- standing wheelchairs (example: Permobile)
maintaining flexibility
- elongation in prone, supine, or sidelying to maintain symmetrical lateral
elongation and flexibility
- maximally preventing contractures in LE's as described previously
parent/child education
- educate individual and caretakers about symmetry vs asymmetry and goals of
spinal management as described above.
- have individual monitor symmetry vs asymmetry with visual feedback at mirror
periodically, and when making changes in support or positioning to
establish accurate "feel" of symmetry.
** STOP** every three months to reassess posture - asymmetry and malalignment can sneak up
on you without anyone noticing. You have to make yourself stop and consciously reassess at
regular intervals.
The above spinal management plan outlines conservative measures that can be used in an
attempt to prevent the progression of scoliosis in individuals with DMD. Close coordination with
the rest of the medical team is important in identification of those individuals in whom
conservative measures are not working so that more aggressive means, such as surgery, can be
used for spinal management.
spinal surgery:
Surgical intervention with spinal instrumentation now offers successful stabilization of the spine in
individuals with DMD and is considered by many to be the conservative method of choice for
spinal management. Segmental instrumentation allows stabilization with immediate postoperative mobilization (sitting usually re-initiated a few days after surgery) and without the need
for post-operative external immobilization (i.e. no cast or body jacket after surgery). Most
authors recommend careful monitoring of both the progression of scoliosis and respiratory status
so that surgical stabilization can be offered for progressive curves while pulmonary status is still
sufficient for tolerance of surgical intervention. Historical guidelines included consideration of
surgical intervention as curves approach 40°, with some now recommending consideration of
surgical intervention at 20°, while forced vital capacity (FVC) remains greater than 50%. If forced
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vital capacity declines significantly below 50% while a spinal curve is still minimal, serious
consideration should be given to whether or not surgical stabilization should be performed
prophylactically before FVC declines to the point at which surgery is no longer a safe option.
Partially successful conservative management beyond a point in time at which surgery remains
an option should be guarded against, as later severe progression without surgical recourse
should be avoided.
Compromised upper extremity function following surgical stabilization has been described in the
individual who is dependent upon trunk leaning for hand function, but may be a small price
compared to the benefits of stabilization. Functional losses, especially self feeding, are less
demoralizing if anticipated pre-operatively, and if a plan is in place preoperatively to minimize or
compensate for post-op losses. Surgical techniques (Duchenne instrumentation or DI) was
described by Duport et al (1995) as providing improved stabilization with retained movement in
some planes, thus preserving some useful truncal mobility.
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FUNCTION
** at every age, and every stage, age-appropriate function, participation in all aspects of life in
which the individual is interested, and maximal independence should be supported
** the bottom line should always be – “can he keep up with his buddies ?”
***technology is the key to freedom in many situations
-

motorized mobility
power tilt, power recline, power elevating leg rests
power seat elevation
power standing
powered lifts (including ceiling lifts, pivot lifts, stairclimbers,
powered patient lifts)
computers (including voice activated systems, adapted keyboards)
internet
environmental control units
ramps and portable ramps
modified sports equipment
bathing and bathrooming equipment that fosters ease and
independence
power operated beds
“PDA’s” (Palm Pilot)
driving vehicles (vans)
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GOALS AND OBJECTIVES OF PHYSICAL THERAPY INTERVENTION
Long term goals should include:
- to prevent deformity
- to maximize & maintain strength & endurance within limits of disease
- to maximize and maintain respiratory status at highest possible level
- to maintain ambulation as long as possible
- to maintain functional mobility throughout the course of the disease
- to maintain highest possible level of functional independence, using adaptive
equipment and orthotic devices as needed
- to be an active team member in clinical decision making (including possible
surgical intervention and adaptive equipment)
- to provide patient, family, and caregivers with comprehensive and timely information
that allows understanding and active involvement in overall management of
disability
Short term objectives should include:
- to increase/maintain range of motion as appropriate
- to increase/maintain strength and endurance as much as possible
- to promote optimal body alignment and symmetry
- to minimize the clinical impact of compensatory movement patterns and positions
used for function
- to assist the team in preventing scoliosis
- to maintain functional ambulation as long as possible
- to maintain sitting ability
- to provide appropriate pre and post surgical intervention in coordination with the
rest of the team
- to maintain functional, independent mobility throughout all phases of the disease
progression
- to provide an active, ongoing respiratory program
- to maintain chest wall mobility
- to strengthen respiratory muscles and develop endurance
- to establish and maintain the most efficient breathing pattern
- to teach principles of pulmonary hygiene and assisted coughing
- to help preserve maximal hand function
- to initiate and monitor appropriate functional compensation for weakness/deformity
as appropriate in all areas of self care, scholastic/vocational activities, and
daily activities, with adaptive equipment used as needed, especially
including motorized mobility, computer access, augmentative
communication systems, and environmental control units.
- to consult with teachers and other community individuals regarding the
individual's status and care as needed
- to assist the family in problem solving before and as problems arise
- to establish and monitor home programs
- to teach caregivers proper handling and transfer techniques
- to promote comfort
- to facilitate ease of nursing care when needed
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helpful websites:
adaptive equipment / assistive technology / orthotic intervention:
orthotic intervention:
http://www.dafo.com/
http://www.eortho.com/anklesurestep.html
http://www.buyaircast.com/index.htm?srcad=air+casts
lifts, bathing, and bathrooming equipment:
http://www.arjo.com/nurse_default.asp?id_page=805&id_child=0&id_level=1&id_nav=819&id_ma
rket=13
http://www.image-management.com/
http://www.surehands.com/
respiratory care:
http://www.21stmedical.com/vol50volex.html
http://www.jhemerson.com/coughassist.htm
http://www.thevest.com/
oximeters:
http://www.portablenebs.com/nonin2120.htm
standers:
http://www.easystand.com/
http://www.mulhollandinc.com/Rocket.asp
http://www.permobilusa.com/templates/startpage.aspx?id=806
wheelchairs / mobility devices:
http://www.permobilusa.com/templates/startpage.aspx?id=806
http://www.pridemobility.com/
http://www.independencenow.com/ibot/index.html
cycling:
http://www.exnflex.com/
other:
http://www.portable-wheelchair-ramps.com/
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DUCHENNE MUSCULAR DYSTROPHY
REFERENCES
Adams, M. A., Chandler, L. S. (1976). Effects of physical therapy on vital capacity of patients
with Duchenne muscular dystrophy. Physical Therapy, 54 (5), 494-496.
Adkins, H. V. (1968). Improvement of breathing ability in children with respiratory muscle
paralysis. Physical Therapy, 48 (6), 577-581.
Alameddine, H. S., Hantal, D., Dehaupas, M. & Fardeau, M. (1991). Role of persisting basement
membrane in the reorganization of myofibres originating from myogenic cell grafts in the rat.
Neuromuscular Disorders. 1 (2), 143-152.
Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K., & Watson, J. D. (1994). Molecular Biology
of The Cell.
Anderson, J. E., Liu, L., & Kardami, E. (1991). Distinctive patterns of basic fibroblast growth
factor (bFGF) distribution in degenerating and regenerating areas of dystrophic (mdx) straited
muscles. Developmental Biology, 147, 96-109.
Ansved, T. (2003). Muscular dystrophies: influence of physical conditioning on the disease
evolution. Curr Opin Clin Nutr Metab Care, 6, 435-9
Angelini, C., Pegoraro, E., Turella, E., Intino, M. T., Pini, A., & Costa, C. (1994). Deflazacort in
Duchenne Dystrophy: study of long-term effect. Muscle & Nerve, 17, 386-391.
Archibald, K. C., Vignos, P. J. Jr. (1959). A study of contractures in muscular dystrophy.
Archives of Physical Medicine & Rehabilitation, 40, 150-157.
Bach, J., Augusta, A., Pilkington, L., Lee, M. (1981). Long term rehabilitation in the advanced
stage of childhood onset, rapidly progressive muscular dystrophy. Archives of Physical Medicine
& Rehabilitation, 62, 328-331.
Bach, J., Campagnolo, D. I., & Hoeman, S. (1991). Life satisfaction of individuals with Duchenne
Muscular Dystrophy using long-term mechanical ventilatory support. American Journal of
Physical Medicine and Rehabilitation, 70 (3), 129-135.
Bach, J. R. & McKeon, J. (1991). Orthopedic surgery and rehabilitation for the prolongation of
brace free ambulation of patients with Duchenne Muscular Dystrophy. American Journal of
Physical Medicine & Rehabilitation, 70 (6), 323-331.
Barr, A. E. & Kroll, M. (1990). Biomechanical muscle performance. Muscle & Nerve,
Supplement, S21-S25.
Belanger, A. Y., Noel, G., & Cote, C. (1991). A comparison of contractile properties in the
preferred and nonpreferred leg in a mixed sample of dystrophic patients. American Journal of
Physical Medicine and Rehabilitation, 70 (4), 201-205.
Bergren, A. F., Colangelo, C. (1982). Positioning the Client with Central Nervous System
Deficits. Valhalla: Valhalla Rehabilitation Publications, Ltd.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

30
Bianchi, M. L., Mazzanti, A., Galbiati, E., Saraifoger, S., Dubini, A., Cornelio, F.
& Morandi, L. (2003). Bone mineral density and bone metabolism in Duchenne muscular
dystrophy. Osteoporos Int 14 (9), 761-767.
Biggar, W. D., Gingras, M., Fehlings, D. L., Harris, V. A., & Steele, C. A. (2001).
treatment of Duchenne muscular dystrophy. J Pediatr. 138 (1), 45-50.

Deflazacort

Billard, C., Gillet, P., Signoret, J. L., Uicaut, E., Bertrand, p., Fardeau, M., Barthez-Carpenter, M.
A., & Santini, J. J. (1992). Cognitive functions in Duchenne Muscular Dystrophy: a reappraisal
and comparison with spinal muscular atrophy. Neuromuscular Disorders, 2 (5/6), 371-378.
Bischoff, R. (1986). Proliferation of muscle satellite cells on intact myofibers in culture.
Developmental Biology, 115, 129-139.
Bischoff, R. (1986). A satellite cell mitogen from crushed adult mice. Developmental Biology,
115, 140-147.
Bischoff, R. (1994). The satellite cell and and muscle regeneration. In: Myology: Basic and
Clinical. (Eds):Engel, A. G. & Franzini-Armstrong, C. New York: McGraw-Hill, Inc. pp: 97-118.
Blau, H. M., Webster, C., & Pavlath, G. K. (1983). Defective myoblasts identified in Duchenne
muscular dystrophy. Proceeding of National Academy of Sciences, USA, 80, 4856-4860.
Bleck, E. E. (1979). Mobility of patients with Duchenne Muscular Dystrophy. (letter to the
editor). Developmental Medicine and Child Neurology, 21, 823-824.
Bonnett, C. Brown, J. C., Perry, J., Nickel, V. L., Walinski, T., Brooks, L., Hoffer, M., Stiles, C.,
Brooks, R. (1975). Evaluation of the treatment of paralytic scoliosis at Rancho Los Amigos
Hospital. Journal of Bone and Joint Surgery, 57-A, 206-215.
Bonsett, C. A. (1975). Prophylactic bracing in pseudohypertrophic muscular dystrophy
(preliminary report). Part I: Patient Experience. Journal of Indiana State Medical Association, 68
(3), 181-184.
Bonsett, C. A., Glancy, J. J. (1975). Prophylactic bracing in pseudohypertrophic muscular
dystrophy (preliminary report). Part II: The Brace. Journal of Indiana State Medical Association,
68, 185-187.
Bornman, L., Polla, B. S., Lotz, B. P. & Gericke, G. S. (1995). Expression of heat-shock/stress
proteins in Duchenne Muscular Dystrophy. Muscle & Nerve, 18, 23-31.
Bothwell, J. E., Gordon, K. E., Dooley, J. M., MacSween, J., Cummings, E. A., Salisbury, S.
(2003). Vertebral fractures in boys with Duchenne muscular dystrophy. Clin Pediatr (Phila) 42,
4, 353-356.
Bowker, J. H., Haplin, P. J. (1978). Factors determining success in reambulation of the child with
muscular dystrophy. Orthopedic Clinics of North America, 9 (2), 431-436.
Bresolin, N., Castelli, E., Comi, G. P., Felisari, G., Bardoni, A., Perani, D., Grassi, F., Turconi, A.,
Mazzucchelli, F., Gallotti, D., Moggio, M., Prelle, A., Ausenda, C., Fazio, G., & Scarlato, G.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

31
(1994). Cognitive impairment in Duchenne Muscular Dystrophy. Neuromuscular Disorders, 4
(4), 359-369.
Brooke, M. H. (1977). A Clinician's View of Neuromuscular Disease. Baltimore: Williams &
Wilkins.
Brooke, M. & Miller, R. (1990). Fatigue testing. Muscle & Nerve, Supplement, S35-S37.
Brooke, M. (1990). Introductory comments on disease specific tests. Muscle & Nerve,
Supplement, S38-S39.
Brown, J. C., Zeller, J. L., Swank, S. M., Furumasu, J. & Warath, S. L. (1989). Surgical and
functional results of spine fusion in spinal muscular atrophy. Spine, 14 (7), 763-770.
Buchsbaum, H. W., Martin, W. A., Turino, G. M., Rowland, L. P. (1968). Chronic aveolar
hypoventilation due to muscular dystrophy. Neurology, 18, 319-325.
Burke, S. S., Grove, N. M., Houser, C. R. Johnson, D. M. (1971). Respiratory aspects of
pseudohypertrophic muscular dystrophy. American Journal of Diseases of Childhood, 121, 230234.
Cambridge, W. & Drennan, J. C. (1987). Scoliosis associated with Duchenne Muscular
Dystrophy. Journal of Pediatric Orthopedics, 7, 436-440.
Carafoli, E. (1987). Intracellular calcium homeostasis. Ann. Rev. Biochemistry, 56, 395-433.
Carlson, J. M., Winter, R. (1978). The Gillette sitting support orthosis for non-ambulatory
children with severe cerebral palsy or advanced muscular dystrophy. Minnesota Medicine, 469473.
Case, L. E. (1984). Physical therapy management of the spine in Duchenne muscular dystrophy.
Unpublished Fellowship Project. Postgraduate Fellowship in Pediatric Physicla and Occupational
Therapy, University of North Carolina at Chapel Hill.
Chenard, A. A., Becane, H. M., Tertrain, F., De Kermadec, J. M., & Weiss, Y. A. (1993).
Ventricular arrhythmia in Duchenne Muscular Dystrophy: prevalence, significance, and
prognosis. Neuromuscular Disorders, 3 (3), 201-206.
Cherry, D. B. (1980). Review of physical therapy alternatives for reducing muscular contracture.
Physical Therapy, 60 (7), 877-881.
Cherry, D. B. (1973). Transfer techniques for children with muscular dystrophy. Physical
Therapy, 53 (9), 970-971.
Chyatte, S. B., Long, C., Vignos, P. J. Jr. (1965). The balanced forearm orthosis in muscular
dystrophy. Archives of Physical Medicine and Rehabilitation, 46, 633-635.
Croall, D. E. & Demartino, G. N. (1991). Calcium-activated neutral protease (calpain) system:
structure, function, and regulation. Physiological Reviews, 71 (3), 813-847.

© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

32
Cullen, M. J., & Jaros, E. (1988). Ultrastructure of the skeletal muscle in the X chromosomelinked dystrophic (mdx) mouse. Comparison with Duchenne muscular dystrophy. Acta
Neuropathologica, 77, 69-81.
Dail, C. W. (1965). Respiratory aspects of rehabilitation in neuromuscular conditions. Archives
of Physical Medicine and Rehabilitation, 46, 655-675.
De Bari, C., Dell’Accio, F., Vandenabeele, F., Vermeesch, J. R., Raymackers, J., Luyten, F. P.
(2003). Skeletal muscle repair by adult human mesenchymal stem cells from synovial
membrane. The Journal of Cell Biology, 160 (6), 909-918.
Delitto, A. (1990). Isokinetic dynamometry. Muscle & Nerve, Supplement, S53-S57.
Den Dunnen, J. T., Casula, L., Makover, A., Bakker, B., Yaffe, D., Nudel, U., & Van Ommen, G.
(1992). Mapping of Dystrophin brain promoter: a deletion of this region is compatible with
normal intellect. Neuromuscular Disorders, 1 (5), 327-331.
Dinsmore, S. T. (1993). Overview of neuromuscular disease. Neurology Report, 17 (3), 9-14.
Do, T. (2002). Orthopedic management of muscular dystrophies. Current Opinion in Pediatrics,
14, 50-53.
Dorando, C., Newman, M. K. (1957). Bracing for severe scoliosis of muscular dystrophy
patients. Physical Therapy Review, 37, 230.
Dubowitz, V. (1964). Progressive muscular dystrophy - prevention of deformity. Clinical
Pediatrics, 3, 323-328.
Dubowitz, V. (1977). Prevention of deformities. Israeli Journal of Medical Science, 13 (2), 183188.
Dubowitz, V. (1991). Prednisone in Duchenne Muscular Dystrophy. (Editorial). Neuromuscular
Disorders, 1 (3), 161-163.
Dubowitz, V. (1992). Myoblast transfer in muscular dystrophy: panacea or pie in the sky?
(Editorial). Neuromuscular Disorders, 2 (5/), 305-310.
Dubowitz, V. (1995). Muscle Disorders in Children. London: W. B. Saunders.
Eagle, M., Baudouin, S. V., Chandler, C., Giddings, D. R., Bullock, R., Bushby, K. (2002).
Survival in Duchenne muscular dystrophy: improvements in life expectancy since 1967 and the
impact of home nocturnal ventilation. Neuromuscular Disorders, 12, 926-929.
Eagle, M. (2002). Report from the muscular dystrophy campaign workshop: exercise in
neuromuscular diseases. Neuromuscular Disorders, 12, 975-983.
Edelstein, G. (1959). Correlation of handedness and degree of joint contracture in bilateral
muscle and joint disease. American Journal of Physical Medicine, 38, 45-47.

© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

33
Edwards, R. H. T., Round, J. M., Jackson, M. J., Griffiths, R. D., Lilburn, M. F. (1984). Weight
reduction in boys with muscular dystrophy. Developmental Medicine and Child Neurology, 26,
384-390.
Emery,A. E. H. (1977). Muscle histology and creatine kinase levels in the fetus in Duchenne
muscular dystrophy. Nature, 266 (31), 472-473.
Emery, A. E. H. (1994). Some unanswered questions in Duchenne Muscular Dystrophy.
Neuromuscular Disorders, 4 (4), 301-303.
Engel, A. G., Yamamoto, M. & Fischbeck, K. H. (1994). Dystrophinopathies. In: Myology: Basic
and Clinical. Ed: Engel, A. G. & Franzini-Armstrong, C. New York: McGraw-Hill. 1133-1187.
Ervasti, J. M. & Campbell, K. P. (1991). Membrane organization of the dystrophin-glycoprotein
complex. Cell, 66, 1121-1131.
Eravati, J. M. & Campbell, K. P. (1993). Dystrophin and the membrane skeleton. Current
Opinion in Cell Biology, 5, 82-87.
Ervati, J. M., Roberds, S. L., Anderson, R. D., Sahrp, J. H., Kornegay, J. N., & Campbell, K. P.
(1994). aDystroglycan deficiency correlates with elevated serum creatine kinase and decreased
muscle contraction tension in golden retriever muscular dystrophy. FEBS Letters, 350, 173-176.
Evans, G., Drennan, J. C., Russman, B. S. (1981). Functional classification and orthopedic
management of spinal muscular atrophy. Journal of Bone and Joint Surgery (Br), 63, 516-522.
Eyring, E. J., Johnson, E. W., Burnett, C. (1972). Surgery in muscular dystrophy. Journal of the
American Medical Association, 222 (8), 1056-1057.
Finison, L. J. (1990). Modeling of time-strength relationships. Muscle & Nerve, Supplement,
S49-S52.
Fowler, W. M., Taylor, M. (1982). Rehabilitation management of muscular dystrophy and related
disorders: the role of exercise. Archives of Physical Medicine and Rehabilitation, 63, 319-321.
Fowler, W. M. (1982). Rehabilitation management of muscular dystrophy and related disorders:
comprehensive care. Archives of Physical Medicine and Rehabilitation, 63, 322-328.
Fowler, W. M. (1984). The importance of overwork weakness. Muscle & Nerve, July/August,
496-498.
Furukawa, T., Peter, J. B. (1978). The muscular dystrophies and related disorders. Journal of
the American Medical Association, 239 (15), 1537-1540.
Furumasu, J., Swank, S. M., Brown, J. C., Gilgoff, I., Warath, S., & Zeller, J. (1989). Functional
activities in spinal muscular atrophy patients after spinal fusion. Spine, 14 (7), 771-775.
Galasko, C. S. B. (1977). The difficult spine. Israeli Journal of Medical Science, 13, 197-202.
Gardner-Medwin, D. (1977). Management of muscular dystrophy. Physiotherapy, 63 (2), 46-51.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

34
Gardner-Medwin, D. (1977). Objectives in the management of muscular dystrophy. Israeli
Journal of Medical Science, 13 (2), 229-234.
Gardner-Medwin, D. (1979). Controversies about Duchenne Muscular Dystrophy.
Developmental Medicine and Child Neurology, 21, 659-662.
Gee, S. H., Montanaro, F., Lindenbaum, M. H., & Carbonetto, S. (1994). Dystroglyan-a, a
dystrophin-associated glycoprotein, is a functional agrin receptor. Cell, 77, 675-686.
Gibson, D. A., Wilkins, K. E. (1975). The management of spinal deformities in Duchenne
Muscular Dystrophy. Clinical Orthopedics and Related Research, 108, 41-51.
Gibson, D. A., Albisser, A. M., Koreska, J. (1975). Role of the wheelchair in the management of
the muscular dystrophy patient. Canadian Medical Association Journal, 113, 964-966.
Gibson, D. A., Koreska, J., Robertson, D., Kahn, A., Albisser, A. M. (1978). The management of
spinal deformity in Duchenne Muscular Dystrophy. Orthopedic Clinics in North America, 9 (2),
437-450.
Gold, W. M. (1968). Restrictive lung disease. Physical Therapy, 46 (5), 455-466.
Goll, D. E., Thompson, V. F. , Taylor, R. G., Christiansen, J. A. (1992). Role of the calpain
system in muscle growth. Biochimie, 74, 225-237.
Gorospe, J. R. & Hoffman, E. P. (1992). Duchenne muscular dystrophy. Current Opinion in
Rheumatology, 4, 794-800.
Gorospe, J R. M., Tharp, M., Demitsu, T. & Hoffman, E. (1994). Dystrophin-deficient myofibers
are vulnerable to mast cell granule-induced necrosis. Neuromuscular Disorders, 4 (4), 325-333.
Gorospe, J. R. M., Tharp, M. D., Hinckley, J., Kornegay, J. N., Hoffman, E. P. (1994). A role for
mast cells in the progression of Duchenne muscular dystrophy? Correlations in dystrophindeficient humans, dogs, and mice. Journal of Neurological Sciences, 122, 44-56.
Green, W. B. (1992). Transfer versus lengthening of the posterior tibial tendon in Duchenne's
muscular dystrophy. Foot & Ankle, 13 (9), 526-531.
Greenberg, C. R., Jacobs, H. K., Halliday, W., & Wrogemann, K. (1991). Three years'
experience with neonatal screening for Duchenne/Becker muscular dystrophy: Gene Analysis,
Gene Expression, and Phenotype Prediction. American Journal of Medical Genetics, 39, 68-75.
Griggs, R. C. (1990). The use of pulmonary function testing as a quantitative measurement for
therapeutic trials. Muscle & Nerve, Supplement, S30-S34.
Gucker, T. (1965). The orthopedic treatment of the myopathies. Clinical Orthopedics, 39, 118125.
Gucker, T. (1964). The orthopedic management of progressive muscular dystrophy. Physical
Therapy, 44 (4), 243-246.

© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

35
Hall, D. S., Vignos, P. J. Jr. (1964). Clothing adaptations for the child with progressive muscular
dystrophy. American Journal of Occupational Therapy, XVIII, 108-112.
Hardiman, O. (1994). Dystrophin deficiency, altered cell signalling, and fiber hypertrophy.
Neuromuscular Disorders, 4 (4), 305-315.
Harris, S. E. & Cherry, D. B. (1974). Childhood progressive muscular dystrophy and the role of
physical therapy. Physical Therapy, 54 (1), 4-12.
Hatano, E., Adachi, N., Wada, M., Kameo, Masuda, K., Miyoshi, K. & Izumi,Y. (1983). The effect
of gravitational traction on scoliosis of Duchenne muscular dystrophy: a preliminary study.
Hiroshima Journal of Medical Sciences, 32 (4), 375-378.
Heckmatt, J. Z., Dubowitz, V. A., Hyde, S. A., Florence, J., Gabain, A. C., Thompson, N. (1985).
Prolongation of walking in Duchenne muscular dystrophy with lightweight orthoses: a review of
57 cases. Developmental Medicine and Child Neurology, 27, 149-154.
Hoffman, E. P., Brown, R. H., & Kunkel, L. M. (1987). Dystrophin: the protein product of the
Duchenne muscular dystrophy gene. Cell, 51, 919-928.
Hoffman, E. P. & Gorospe, J. R. M. (1991). The animal models of Duchenne muscular
dystrophy: windows on the pathophysiological consequences of dystrophin deficiency. In:
Current Topics in Membranes, Vol. 38, Eds: Mooseker, M. S. & Morrow, J. S., Ordering the
Membran-Cystoskeleton Trilayer, 113-154.
Hoffman, E. & Wang, J. (1993). Duchenne-Becker muscular dystrophy and the nondystrophic
myotonias. Archives of Neurology, 50, 1227-1237.
Houser, C. R., Johnson, D. M. (1971). Breathing exercises for children with pseudohypertrophic
muscular dystrophy. Physical Therapy, 51 (7), 751-759.
Hsu, J. D. (1976). Management of foot deformity in Duchenne's pseudohypertrophic muscular
dystrophy. Orthopedic Clinics of North America, 7 (4), 979-984.
Hsu, J. D. (1983). The natural history of spinal curvature progression in the non-ambulatory
Duchenne muscular dystrophy patient. Spine, 8 (7), 771-775.
Hsu, J. D., Jackson, R. (1985). Treatment of symptomatic foot and ankle deformities in the
nonambulatory neuromuscular patient. Foot & Ankle, 5 (5), 238-244.
Hsu, J. D. & Furumasu, J. (1993). Gait and posture changes in the Duchenne muscular
dystrophy child. Clinical Orthopedics and Related Research, 288, 122-125.
Huard, J., Bouchard, J., Roy, R., Labrecque, C., Dansereau, G., Lemieux, B. & Tremblay, J.
(1991). Myoblast transplantation produced Dystrophin-positive muscle fibres in a 16 Year old
patient with Duchenne muscular dystrophy. Clinical Science, 81, 287-288.
Hyde, S. A., Filytrup, I., Glent, S., Kroksmark, A. K., Salling, B., Steffensen, B.F., Werlauff, U.,
Erlandsen, M. (2000). A randomized comparative study of two methods of controlling Tendo
Achilles contracture in Duchenne muscular dystrophy. Neuromuscular Disorders 10, (4-5), 257263.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

36
Inkley, S. R., Oldenberg, F. C., Vignos, P. J. Jr. (1974). Pulmonary function of Duchenne related
to stage of disease. American Journal of Medicine, 56, 297-306.
Jackson, M. J. (1993). Molecular mechanisms of damage. In: Molecular and Cell Biology of
Muscular Dystrophy. (Ed.): Partridge, T. London: Chapman & Hall. 257-282.
James, W. V. & Orr, J. F. (1984). Upper limb weakness in children with Duchenne muscular
dystrophy - a neglected problem. Prosthetics & Orthotics International, 8, 111-113.
Johnson, E. W. & Kennedy, J. H. (1971). Comprehensive management of muscular dystrophy.
Archives of Physical Medicine and Rehabilitation, 52, 110-114.
Johnson, E. W. & Yarnell, S. K. (1976). Hand dominance and scoliosis in Duchenne muscular
dystrophy. Archives of Physical Medicine and Rehabilitation, 57, 462-464.
Johnson, E. W. (1977). Pathokinesiology of Duchenne muscular dystrophy: implications for
management. Archives of Physical Medicine and Rehabilitation, 58, 4-7.
Johnson, E. W. (1980). Controversies about Duchenne muscular dystrophy (letter to the editor).
Developmental Medicine and Child Neurology, 22, 401-407.
Johnson, E. W., Reynolds, T. & Stauch,D. (1985). Duchenne muscular dystrophy: a case with
prolonged survival. Archives of Physical Medicine and Rehabilitation, 66, 260-261.
Karpati, G., Holland, P. & Worton, R. G. (1992). Myoblast transfer in DMD: problems in the
interpretation of efficiency. Muscle & Nerve, 1209-1210.
Kendrick, M. M. (1965). Certain aspects of managing patients with Duchenne muscular
dystrophy. Southern Medical Journal, 58, 996-1000.
Kilmer, D. D., Abresch, R. T.,Fowler, W. M. (1993). Serial manual muscle testing in Duchenne
muscular dystrophy. Archives of Physical Medicine and Rehabilitation, 74, 1168-1171.
Khurana, T. S., Prednergast, R. A., Alameddine, H. S., Tome, F. M. S., Fardeau, M., Arahata, K.,
Sugita, H., & Kunkel, L. M. (1995). Absence of extraocular pathology in Duchenne' s muscular
dystrophy: role for calcium homeostasis in extraocular muscle sparing. Journal of Experimental
Medicine, 182, 467-475.
Kurz, L., Mubarek, S., Schultz, P., Park, S. M., & Leach, J. (1983). Correlation of scoliosis and
pulmonary function in Duchenne muscular dystrophy. Journal of Pediatric Orthopedics, 3 (3),
347-353.
Law, D. J., Caputo, A., & Tidball, J. G. (1995). Site and mechanics of failure in normal and
dystrophin-deficient skeletal muscle. Muscle & Nerve, 18, 216-223.
Leprince, P., Heloire, F., Eymard, B., Leger, P., Duboc, D., Pavie, A. (2002). Successful bridge
to transplantation in a patient with Becker muscular dystrophy-associated cardiomyopathy. The
Journal of Heart and Lung Transplantation, 21 (7), 822-824.

© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

37
Lewis, W. R. and Yadlapalli, S. (1998). Management of cardiac complications in neuromuscular
disease. Rehabilitation of Neuromuscular Disease, 9 (1), 145-166.
Love, D. R., Byth, B. C., Tinsley, J. M., Blake, D. J., & Davies, K. E. (1993). Dystrophin and
dystrophin-related proteins: a review of protein and RNA studies. Neuromuscular Disorders, 3
(1), 5-21.
Majeske, C., Buchanan, C. (1984). Quantitative description of two sitting postures. Physical
Therapy, 64 (10), 1531-1534.
Make, B. J. (1991). Mechanical ventilation in the home: summary of the 3rd international
conference on pulmonary rehabilitation and home mechanical ventilation. Neuromuscular
Disorders, 1 (3), 229-230.
Manzur, A. Y., Hyde, S. A., Rodillo, E., Heckmatt, J. Z., Bentley, G., & Dubowitz, V. (1992). A
randomized controlled trial of early surgery in Duchenne muscular dystrophy. Neuromuscular
Disorders, 2 (5), 379-387.
Massa, R., Castellani, L., Silvestri, G., Sancesario, G., & Bernardi, G. (1994). Dystrophin is not
necessary for the integrity of the cytoskeleton. Acta Neuropathologica, 87, 377-384.
Matsumura, K. & Campbell, K. P. (1993). Deficiency of dystrophin-associated proteins: a
common mechanism leading to muscle cell necrosis in severe childhood muscular dystrophies.
Neuromuscular Disorders, 3 (2), 109-118.
McArdle, A., Edwards, R. H. T., & Jackson, M. J. (1991). Effects of contractile activity on muscle
damage in the dystrophin-deficient mdx mouse. Clinical Science, 80, 367-371.
McKenzie, M. W., Rogerts, J. E. (1973). Use of trunk supports for severly paralyzed people.
American Journal of Occupational Therapy, 27 (3), 147-148.
McNeil, P. L. & Khahee, R. (1992). Disruptions of muscle fiber plasma membranes. Role in
exercise induced damage. American Journal of Pathology, 140 (5), 097-1109.
Melloni, E., Salamino, F., & Sapratore, B. (1992). The calpain-calpastatin system in mammalian
cells: properties and possible functions. Biochimie, 74, 217-223.
Mendell, J. R. & Florence, J. (1990). Manual muscle testing. Muscle & Nerve, Supplement, S16S20.
Merlini, L., DellAccio, D., Holzl, A. & Granata, C. (1992). Isokinetic muscle testing (IMT) in
neuromuscular diseases. Preliminary Report. Neuromuscular Disorders, 2 (3), 201-207.
Mesa, L. E., Dubrovsky, A. L., Corderi, J., Marco, P., & Flores, D. (1991) Steroids in Duchenne
muscular dystrophy - deflazacort trial. Neuromuscular Disorders, 1 (4), 261-266.
Miller, F., Moseley, C. F. & Koreska, J. (1992). Spinal fusion in Duchenne muscular dystrophy.
Developmental Medicine and Child Neurology, 34, 775-786.
Miller, G., Dunn, N. (1982). An outline of the management and prognosis of Duchenne muscular
sdystrophy in Western Australia. Australian Paediatric Journal, 18, 277-282.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

38
Miller, G. (1985). Spinal bracing and respiratory function in Duchenne muscular dystrophy.
(letter) Clinical Pediatrics, 24 (2), 94.
Miller, G. (1983). Australian Paediatric Journal, 19, 136.
Miller, J. (1967). Management of muscular dystrophy. Journal of Bone and Joint Surgery, 49-A,
1205-1211.c
Miller, J. P. (190). Statistical Considerations in Clinical Trials. Muscle & Nerve, Supplement,
S43-S44.
Miranda, A. F. (1994). Diseased muscle in tissue culture. In: Engel, A. G. & Franzini-Armstrong,
C. (Eds.): Myology: Basic and Clinical, Vol. 1, (Eds): Engel, A. G. & Franzini-Armstrong, C. New
York: McGraw-Hill. 1046-107.
Moxley, R. T. (1990). Functional Testing. Muscle & Nerve, Supplement, S26-S29.
Munsat, T. L., (1990). Clinical trials in neuromuscular disease. Muscle & Nerve, Supplement,
S3-S6.
Muntoni, F., Mateddu, A. & Serr, G. (1991). Passive Avoidance Behavior in the mdx Mouse.
Neuromuscular Disorders, 1 (2), 121-123.
Nagy, B. & Samaha, F. J. (1986). Membrane defects in Duchenne muscular dystrophy:
protease affecting sarcoplasmic reticulum. Ann Neuro ,20, 50-56.
Naumann, T., Bisehoff, U., & Puhl, W. (1993). The surgical treatment of the equinovarus
deformity in patients with Duchenne Muscular Dystrophy. The Foot, 79-82.
Newson-Davis, J. (1980). The respiratory system in muscular dystrophy. British Medical
Bulletin, 36 (2), 135-138.
Nicholson, L. V. B. (1993). The "rescue" of Dystrophin synthesis in boys with Duchenne
Muscular Dystrophy. Neuromuscular Disorders, 3 (5/6), 525-531.
Pagala, M. K. D., Venkatachari, S. A. T., Nandakumar, N. V., Ravindran, K., Kerstein, J., Namba,
T. & Grob, D. (1991). Peripheral mechanisms of fatigue in muscles of normal and dystrophic
mice. Neuromuscular Disorders, 1 (4), 287-298.
Pandya, S. (1993). Evaluation and management of patients with neuromuscular diseases.
Neurology Report, 17 (3), 15-19.
Partridge, T. (1993). Pathophysiology of muscular dystrophy. British Journal of Hospital
Medicine, 49 (1), 26-36.
Partridge, T. (Ed.) (1993). Molecular and Cell Biology of Muscular Dystrophy. London:
Chapman & Hall.
Pasternak, C., Wong, S., & Elson, E. L. (1995). Mechanical function of dystrophin in muscle
cells. The Journal of Cell Biology, 128 (3), 355-361.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

39
Petrof, B. J., Shrager, J. B., Stedman, H. H., Kelly, A. M., & Sweeney, H. L. (1993). Dystrophin
protects the sarcolemma from stresses developed during muscle contraction. Proceedings of the
National Academy of Science, USA, 90, 3710-3714.
Phillips, W. D., Noakes, P. G., Roberds, S. L., Campbell, K. P., & Merlie, J. P. (1993). Clustering
and immobilization of acetylcholine receptors by the 43-kD protein: a possible role for dytrophinrelated protein. The Journal of Cell Biology, 123, (3), 729-740.
Rideau, Y., Jankowski, L. W., Grellet, J. (1981). Respiratory function in the muscular
dystrophies. Muscle & Nerve, 4, 155-164.
Rideau, Y., Glorion, B., Delabier, A., Tarle, O., Bach, J. (1984). The treatment of scoliosis in
Duchenne muscular dystrophy. Muscle & Nerve, 7, 281-286.
Robin, G. C., Brief, L. P. (1971). Scoliosis in childhood muscular dystrophy. Journal of Bone
and Joint Surgery, 53-A, 466-476.
Robin, G. C. (1973). Neurological disease and scoliosis. Israeli Journal of Medical Science, 9,
739-744.
Robin, G. C. (1977). Scoliosis in Duchenne muscular dystrophy. Israeli Journal of Medical
Science, 13 (2), 203-206.
Roy, L., Gibson, D. (1970). Pseudohypertrophic muscular dystrophy and Its surgical
management: a review of 30 patients. Canadian Journal of Surgery, 13, 13-20.
Sacco, P., Jones, D. A., Dick, J. R. T. & Vrbova, G. (1992). Contractile properties and
susceptibility to exercise-induced damage of normal and mdx mouse tibialis anterior muscle.
Clinical Science, 82, 227-236.
Sakai, D. N., Hsu, J. D., Bonnett, C. A., Brown, J. C. (1977). Stabilization of the collapsing spine
in Duchenne muscular dystrophy. Clinical Orthopedics and Related Research, 128, 256-260.
Samaha, F., Cook, J. D., Iannaccone, S. T., Russman, B. S., Buncher, R. R., Barker, L, &
Burhans, K. (1990), Preliminary observations on the reliability of the DCN-SMA study group
methodology. Muscle & Nerve, Supplement, S11-S12.
Scott, O. M., Hyde, S. A., Goddard, C., Jones, R., Dubowitz, V. (1981). Effect of exercise in
Duchenne muscular dystrophy. Physiotherapy, 67 (6) 174-176.
Scott, O. M., Hyde, S. A., Goddard, C., Dubowitz, V. (1981). Prevention of deformity in
Duchenne muscular dystrophy - a prospective study of passive stretching and splinting.
Physiotherapy, 67 (6), 177-180.
Scriver, C. R.and Sly, W. S. (Eds) (2000). The Metabolic and Molecular Bases of Inherited
Disease. McGraw-Hill.
Seeger, B. R., Sutherland, A. D., Clark, M. (1984). Orthotic management of scoliosis in
Duchenne muscular dystrophy. Archives of Physical Medicine and Rehabilitation, 65, 83-86.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

40
Seeger, B. R., Sutherland, A. D. (1985). Lumbar extension in Duchenne muscular dystrophy:
effect on lateral curvature. Archives of Physical Medicine and Rehabilitation, 66, 236-238.
** plus letters in response: from E. W. Johnson, B. R. Seeger, I. M. Siegel, (1985)
Archives of Physical Medicine and Rehabilitation, 66, 796.
Seeger, B. R., Caudry, D. J., Little, J. D. (1985). Progression of equinus deformity in Duchenne
muscular dystrophy. Archives of Physical Medicine and Rehabilitation, 66, 286-288.
Shapiro, F., Bresnan, J. (1982). Orthopedic management of childhood neuromuscular disease.
Journal of Bone and Joint Disease 64-A, 1102-1107.
Siegel, I. M. (1972). Pathomechanics of stance in Duchenne muscular dystrophy. Archives of
Physical Medicine and Rehabilitation, 53, 403-406.
Siegel, I. M. (1973). Scoliosis in muscular dystrophy. Clinical Orthopedics, 93, 235-238.
Siegel, I. M. (1975). Pulmonary problems in Duchenne muscular dystrophy: diagnosis,
prophylaxis, and treatment. Physical Therapy, 55 (2), 160-162.
Siegel, I. M. (1977). Equinocavovarus in muscular dystrophy - treatment by percutaneous tarsal
medullostomy and soft tissue release. Israeli Journal of Medical Science, 13 (2), 189-191.
Siegel, I. M. (1977). Prolongation of ambulation through early percutaneous tenotomy and
bracing with plastic orthoses. Israeli Journal of Medical Science, 13 (2), 192-196.
Siegel, I. M. (1977). The Clinical Management of Muscle Disease. A Practical Manual of
Diagnosis and Treatment. Philadelphia: Lippincott.
Siegel, I. M. (1978). The management of muscular dystrophy: a clinical review. Muscle & Nerve,
1, 453-460.
Siegel, I. M. (1981). Muscular dystrophy - multidisciplinary approach to management.
Postgraduate Medicine, 69 (2), 124-133.
Siegel, I. M., Silverman, O., Silverman, M. (1981). The Chicago Insert: an approach to
wheelchair seating for maintenance of spinal posture in Duchenne muscular dystrophy.
Orthotics & Prosthetics, 35, 27-29.
Siegel, I. M. (1982). Postural substitution in Duchenne muscular dystrophy (letter to the editor).
Journal of the Americal Medical Association, 247 (5), 584.
Siegel, I. M. (1982). Spinal stabilization in Duchenne muscular dystrophy: rationale and method.
Muscle & Nerve, 5, 417-418.
Silversides, C., Webb, G. D., Harris, V. A., Biggar, D. W. (2003). Effects of Deflazacort on left
ventricular function in patients with Duchenne muscular dystrophy. The American Journal of
Cardiology, 19, 769-772.
Smith, R. A., Newcombe, R. G., Sibert, J. R., Harper, P. S. (1991). Assessment of locomotor
function in young boys with Duchenne muscular dystrophy. Muscle & Nerve, 14, 462-469.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

41
Spencer, G. E. (1967). Orthopedic care of progressive muscular dystrophy. Journal of Bone and
Joint Surgery, 49-A (6), 1201-1204.
Stern, L. M., Seeger, B. R., Little, J. (1983). (letter) Australian Paediatric Journal, 19, 135.
Sugiyama, J., Bowen, D. C., & Hall, Z. W. (1994). Dystroglygan binds nerve and muscle agrin.
Neuron, 13, 103-115.
Sussman, M. D. (1984). Advantage of early spinal stabilization and fusion in patients with
Duchenne muscular dystrophy. Journal of Pediatric Orthopedics, 4, 532-537.
Sussman, M. D. (1985). Treatment of scoliosis in Duchenne muscular dystrophy.
Developmental Medicine and Child Neurology, 27, 522-531.
Sussman, M. (2002). Duchenne muscular dystrophy. Journal of the Academy of Orthopedic
Surgeons, 10 (2), 138-151.
Sutherland, D. H., Olshen, R., Cooper, L., Wyatt, M., Leach, J., Mubarak, S., Schultz, P. (1981).
The pathomechanics of gait in Duchenne muscular dystrophy. Developmental Medicine and
Child Neurology, 23, 3-22.
Swank, S., Brown, J., Perry, R. (1982). Spinal fusion in Duchenne muscular dystrophy. Spine, 7
(5), 484-491.
Taft, L. T. (1973). The care and management of the child with muscular dystrophy.
Developmental Medicine and Child Neurology, 15, 510-518.
Taktak, D., Bowker, P. (1995). Lightweight, modular knee–ankle-foot orthosis for Duchenne
muscular dystrophy: design, development, and evaluation. Archives of Physical Medicine and
Rehabilitation, 76, 1156-1162.
Tidball, J. G. & Law, D. J. (1991). Dystrophin is required for normal thin filament-membrane
associations at myotendinous junctions. American Journal of Pathology, 138 (1), 17-21.
Tidball, J. G., Spencer M. J., & St. Pierre, B. A. (1992). PDGF-receptor concentration is elevated
in regenerative muscle fibers in dystrophin-deficient muscle. Experimental Cell Research, 203,
141-149.
Tinsley, J. M. & Davies, K. E. (1993). Utrophin: a potential replacement for dystrophin?
Neuromuscular Disorders, 3 (5/6), 537-539.
Turner, P. R., Westwood, T., Regen, C. M., Steinhtardt, R. A. (1988). Increased protein
degradation results from elevated free calcium levels found in muscle from mdx mice. Nature,
335 (20), 735-738.
Valentine, B. A. & Cooper, B. J. (1991). Canine X-linked muscular dystrophy: selective
involvement of muscles in neonatal dogs. Neuromuscular Disorders, 1 (1), 31-38.
Valentine, B. A., Cooper, B. J., & Gallagher, E. A. (1989). Intracellular calcium in canine muscle
biopsies. Journal of Comparative Pathology, 100, 223-230.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

42
Valentine, B. A., Winand, N. J., Pradham, D., Moise, S. S., de Lahunta, A., Kornegay, J., &
Cooper, B. (1992). Canine X-linked muscular dystrophy as an animal model of Duchenne
muscular dystrophy: a review. American Journal of Medical Genetics, 42, 352-356.
Van Ommen, G. J. B. & Scheuerbrandt, G. (1993). Neonatal screening for muscular dystrophy.
Neuromuscular Disorders, 3 (3), 231-239.
Vater, R., Cullen, M. J., Nicholson, L. V. B. & Harris, J. B. (1992). The fate of dystrophin during
the degeneration and regeneration of the soleus muscle of the rat. Acta Neuropathologica, 83,
140-148.
Vignos, P. J. Jr., Spencer, G. E., Archibald, K. C. (1963). Management of progressive muscular
dystrophy of childhood. Journal of the American Medical Association, 184 (2), 89-110.
Vignos, P. J. Jr., Watkins, M. P. (1966). The effect of exercise in muscular dystrophy. Journal of
the American Medical Association, 197 (11), 121-126.
Vignos, P. J. Jr. (1968). Rehabilitation in progressive muscular dystrophy. In: Licht, S. (Ed),
Rehabilitation and Medicine (pp. 584-642). New Haven: E. Licht.
Vignos, P. J. Jr. (1977). Respiratory function and pulmonary infection in Duchenne muscular
dystrophy. Israeli Journal of Medical Science, 13 (2), 207-214.
Vignos, P. J. Jr. (1983). Physical models of rehabilitation in neuromuscular disease. Muscle &
Nerve, 6 (5), 323-338.
Vignos, P. J. Jr., Wagner, M. B., Kaplan, J. S., Spencer, G. E. (1983). Predicting the success of
reambulation in patients with Duchenne muscular dystrophy. Journal of Bone and Joint Surgery,
65-A (6), 719-728.
Vignos, P. J. Jr. (1984). Overwork weakness. (letter). Muscle & Nerve, July/Aug, 498-499.
Vilozni, D., Bar-Yishay, E., Gur, I., Shapira, Y., Meyer, S., Godfrey, S. (1994). Computerized
respiratory muscle training in children with Duchenne muscular dystrophy. Neuromuscular
Disorders, 4 (3), 249-255.
Wakayama, Y., Shibuya, S., Jimi, T., Takeda, A., & Oniki, H. (1993). Siza and location of
dystrophin molecule: immunoelectron microscopic and freeze etching studies of muscle plasma
membranes of murine skeletal myofibers. Acta Neuropathologica, 86, 567-577.
Watt, D. J., Morgan, J. E., & Partridge, T. A. (1991). Allografts of muscle precursor cells persist
in the non-tolerized host. Neuromuscular Disorders, 1 (5), 345-355.
Wedel, D. J. (1992). Malignant hyperthermia and neuromuscular disease. Neuromuscular
Disorders, 2 (3), 157-164.
Weiman, R. L., Gibson, D. A., Mosely, C. F., Jones, D. C. (1983). Surgical stabilization of the
spine in Duchenne muscular dystrophy. Spine, 8 (7), 776-780.
White, A. A., Panjabi, M. M. (1978). Clinical Biomechanics of the Spine. Philadelphia: Lippincott.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

43
Wilkins, K. E., Gibson, D. A. (1976). The patterns of spinal deformity in Duchenne muscular
dystrophy. Journal of Bone and Joint Surgery, 58-A, 24-32.
Williams, E. A., Read, L., Ellis, A., Morris, P., Galasko, C. S. B. (1984). The management of
equinus deformity in Duchenne muscular dystrophy. Journal of Bone and Joint Surgery 66 (B),
(4), 546-550.
Winter, R. B. (1979). Posterior spinal fusion in scoliosis: indications, techniques, and results.
Orthopedic Clinics in North America, 10, 787-800.
Wohl, M. E. B. (1968). Respiratory problems associated with chest wall abnormalities. Physical
Therapy, 48 (5), 467-471.
Wratney, M. J. (1958). Physical therapy for muscular dystrophy children. Physical Therapy
Review, 38, 26-32.
Wright, W. E. (1985). Myoblast senscence in muscular dystrophy. Experimental Cell Research,
157, 343-354.
Young, A., Johnson, D., O'Gorman, E., Macmillan, T., Chase, A. P. (1984). A new spinal brace
for use in Duchenne muscular dystrophy. Developmental Medicine and Child Neurology, 26,
808-813.
Zhao, J., Yoshioka, K., Miyatake, M., & Miike, T. (1992). Dystrophin and a dystrophin-related
protein in intrafusal muscle fibers, and neuromuscular and myotendinous junctions. Acta
Neuropathologica, 84, 141-146.
Ziter, F. A., Allsop, K. G. (1979). The value of orthoses for patients with Duchenne muscular
dystrophy. Physical Therapy, 59 (11), 1361-1365.
Zupan, A. (1992). Long-term electrical stimulation of muscles in children with Duchenne and
Becker muscular dystrophy. Muscle & Nerve, 15, 362-367.

partially updated July 2003
Laura E. Case MS, PT, PCS
1.
2.
3.
4.
5.
6.

Dubowitz V. Prevention of deformities. Isr J Med Sci. Feb 1977;13(2):183-188.
Fowler WM, Jr. Rehabilitation management of muscular dystrophy and related disorders: II.
Comprehensive care. Arch Phys Med Rehabil. Jul 1982;63(7):322-328.
Johnson EW, Kennedy JH. Comprehensive management of Duchenne muscular dystrophy. Arch
Phys Med Rehabil. Mar 1971;52(3):110-114.
McDonald CM. Limb contractures in progressive neuromuscular disease and the role of stretching,
orthotics, and surgery. Phys Med Rehabil Clin N Am. Feb 1998;9(1):187-211.
McDonald CM, Abresch RT, Carter GT, et al. Profiles of neuromuscular diseases. Duchenne
muscular dystrophy. Am J Phys Med Rehabil. Sep-Oct 1995;74(5 Suppl):S70-92.
Siegel IM. Pathomechanics of stance in Duchenne muscular dystrophy. Arch Phys Med Rehabil.
Sep 1972;53(9):403-406.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

44
Siegel IM, Weiss LA. Postural substitution in Duchenne's muscular dystrophy. Jama. Feb 5
1982;247(5):584.
Sutherland DH, Olshen R, Cooper L, et al. The pathomechanics of gait in Duchenne muscular
dystrophy. Dev Med Child Neurol. Feb 1981;23(1):3-22.
Vignos PJ, Jr. Physical models of rehabilitation in neuromuscular disease. Muscle Nerve. Jun
1983;6(5):323-338.
Archibald KC, Vignos PJ, Jr. A study of contractures in muscular dystrophy. Arch Phys Med
Rehabil. Apr 1959;40(4):150-157.
Finder JD, Birnkrant D, Carl J, et al. Respiratory care of the patient with Duchenne muscular
dystrophy: ATS consensus statement. Am J Respir Crit Care Med. Aug 15 2004;170(4):456-465.
Roy L, Gibson DA. Pseudohypertrophic muscular dystrophy and its surgical management: review
of 30 patients. Can J Surg. Jan 1970;13(1):13-21.
Alman BA, Raza SN, Biggar WD. Steroid treatment and the development of scoliosis in males with
duchenne muscular dystrophy. J Bone Joint Surg Am. Mar 2004;86-A(3):519-524.
Balaban B, Matthews DJ, Clayton GH, Carry T. Corticosteroid treatment and functional
improvement in Duchenne muscular dystrophy: long-term effect. Am J Phys Med Rehabil. Nov
2005;84(11):843-850.
Biggar WD, Gingras M, Fehlings DL, Harris VA, Steele CA. Deflazacort treatment of Duchenne
muscular dystrophy. J Pediatr. Jan 2001;138(1):45-50.
Biggar WD, Politano L, Harris VA, et al. Deflazacort in Duchenne muscular dystrophy: a
comparison of two different protocols. Neuromuscul Disord. Sep 2004;14(8-9):476-482.
Bushby K, Muntoni F, Urtizberea A, Hughes R, Griggs R. Report on the 124th ENMC
International Workshop. Treatment of Duchenne muscular dystrophy; defining the gold standards
of management in the use of corticosteroids. 2-4 April 2004, Naarden, The Netherlands.
Neuromuscul Disord. Sep 2004;14(8-9):526-534.
Campbell C, Jacob P. Deflazacort for the treatment of Duchenne Dystrophy: a systematic review.
BMC Neurol. Sep 8 2003;3(1):7.
Fenichel GM, Mendell JR, Moxley RT, 3rd, et al. A comparison of daily and alternate-day
prednisone therapy in the treatment of Duchenne muscular dystrophy. Arch Neurol. Jun
1991;48(6):575-579.
Fisher I, Abraham D, Bouri K, Hoffman EP, Muntoni F, Morgan J. Prednisolone-induced changes
in dystrophic skeletal muscle. Faseb J. May 2005;19(7):834-836.
Griggs RC, Moxley RT, 3rd, Mendell JR, et al. Prednisone in Duchenne dystrophy. A randomized,
controlled trial defining the time course and dose response. Clinical Investigation of Duchenne
Dystrophy Group. Arch Neurol. Apr 1991;48(4):383-388.
Griggs RC, Moxley RT, 3rd, Mendell JR, et al. Duchenne dystrophy: randomized, controlled trial
of prednisone (18 months) and azathioprine (12 months). Neurology. Mar 1993;43(3 Pt 1):520-527.
Manzur A, Kuntzer T, Pike M, Swan A. Glucocorticoid corticosteroids for Duchenne muscular
dystrophy. Cochrane Database Syst Rev. 2004;2:CD003725.
Silversides CK, Webb GD, Harris VA, Biggar DW. Effects of deflazacort on left ventricular
function in patients with Duchenne muscular dystrophy. Am J Cardiol. Mar 15 2003;91(6):769772.
Yilmaz O, Karaduman A, Topaloglu H. Prednisolone therapy in Duchenne muscular dystrophy
prolongs ambulation and prevents scoliosis. Eur J Neurol. Aug 2004;11(8):541-544.
Wilkins KE, Gibson DA. The patterns of spinal deformity in Duchenne muscular dystrophy. J Bone
Joint Surg Am. Jan 1976;58(1):24-32.
Rideau Y, Glorion B, Delaubier A, Tarle O, Bach J. The treatment of scoliosis in Duchenne
muscular dystrophy. Muscle Nerve. May 1984;7(4):281-286.
Hsu JD. The natural history of spine curvature progression in the nonambulatory Duchenne
muscular dystrophy patient. Spine. Oct 1983;8(7):771-775.
© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.
45.

45
Douvillez B, Braillon P, Hodgkinson I, Berard C. [Pain, osteopenia and body composition of 22
patients with Duchenne muscular dystrophy: a descriptive study]. Ann Readapt Med Phys. Nov
2005;48(8):616-622.
Aparicio LF, Jurkovic M, DeLullo J. Decreased bone density in ambulatory patients with duchenne
muscular dystrophy. J Pediatr Orthop. Mar-Apr 2002;22(2):179-181.
Larson CM, Henderson RC. Bone mineral density and fractures in boys with Duchenne muscular
dystrophy. J Pediatr Orthop. Jan-Feb 2000;20(1):71-74.
Bianchi ML, Mazzanti A, Galbiati E, et al. Bone mineral density and bone metabolism in
Duchenne muscular dystrophy. Osteoporos Int. Sep 2003;14(9):761-767.
Vestergaard P, Glerup H, Steffensen BF, Rejnmark L, Rahbek J, Moseklide L. Fracture risk in
patients with muscular dystrophy and spinal muscular atrophy. J Rehabil Med. Aug
2001;33(4):150-155.
Bothwell JE, Gordon KE, Dooley JM, MacSween J, Cummings EA, Salisbury S. Vertebral
fractures in boys with Duchenne muscular dystrophy. Clin Pediatr (Phila). Jun 2003;42(4):353356.
Biggar WD, Bachrach LK, Henderson RC, Kalkwarf H, Plotkin H, Wong BL. Bone health in
Duchenne muscular dystrophy: a workshop report from the meeting in Cincinnati, Ohio, July 8,
2004. Neuromuscul Disord. Jan 2005;15(1):80-85.
Talim B, Malaguti C, Gnudi S, Politano L, Merlini L. Vertebral compression in Duchenne
muscular dystrophy following deflazacort. Neuromuscul Disord. Apr 2002;12(3):294-295.
Ward K, Alsop C, Caulton J, Rubin C, Adams J, Mughal Z. Low magnitude mechanical loading is
osteogenic in children with disabling conditions. J Bone Miner Res. Apr 2004;19(3):360-369.
Goemaere S, Van Laere M, De Neve P, Kaufman JM. Bone mineral status in paraplegic patients
who do or do not perform standing. Osteoporos Int. Jun 1994;4(3):138-143.
Caulton JM, Ward KA, Alsop CW, Dunn G, Adams JE, Mughal MZ. A randomised controlled trial
of standing programme on bone mineral density in non-ambulant children with cerebral palsy. Arch
Dis Child. Feb 2004;89(2):131-135.
Chad KE, Bailey DA, McKay HA, Zello GA, Snyder RE. The effect of a weight-bearing physical
activity program on bone mineral content and estimated volumetric density in children with spastic
cerebral palsy. J Pediatr. Jul 1999;135(1):115-117.
Gudjonsdottir B, Mercer, VS. Effects of a Dynamic Versus a Static Prone Stander on Bone Mineral
Density and Behavior in Four Children with Severe Cerebral Palsy. Pediatric Physical Therapy.
2002;14(1):38-46.
Quinlivan R, Roper H, Davie M, Shaw NJ, McDonagh J, Bushby K. Report of a Muscular
Dystrophy Campaign funded workshop Birmingham, UK, January 16th 2004. Osteoporosis in
Duchenne muscular dystrophy; its prevalence, treatment and prevention. Neuromuscul Disord. Jan
2005;15(1):72-79.
Laws N, Hoey A. Progression of kyphosis in mdx mice. J Appl Physiol. Nov 2004;97(5):19701977.
Eagle M. Report on the muscular dystrophy campaign workshop: exercise in neuromuscular
diseases Newcastle, January 2002. Neuromuscul Disord. Dec 2002;12(10):975-983.
Fowler WM, Jr. Role of physical activity and exercise training in neuromuscular diseases. Am J
Phys Med Rehabil. Nov 2002;81(11 Suppl):S187-195.

© 1998-2006 Laura E. Case, PT, MS, PCS
This is a working document. Please do not copy without the author's permission.

