Review Article

Duchenne muscular dystrophy: the management of scoliosis
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This study summaries the current management of scoliosis in patients with Duchenne Muscular Dystrophy.

A literature review of Medline was performed and the collected articles critically appraised. This literature is

discussed to give an overview of the current management of scoliosis within Duchenne Muscular Dystrophy.

Importantly, improvements in respiratory care, the use of steroids and improving surgical techniques have

allowed patients to maintain quality of life and improved life expectancy in this patient group.
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Introduction

Duchenne muscular dystrophy (DMD) is one of the most
common muscular dystrophies affecting an estimated 1 in
every 3,600-6,000 newborn males (1). In boys with DMD,
progressive muscle weakness leads to loss of ambulation,
scoliosis, respiratory deterioration and cardiac compromise.

In this review we discuss the features and management of
scoliosis in DMD.

Pathophysiology and pattern of presentation

DMD is an X-linked recessive disorder caused by a
mutation in the gene encoding the protein dystrophin (2).
These mutations lead to the loss of functional dystrophin.
This loss of dystrophin affects the stability of the cell
membrane in skeletal muscle cells and results in progressive
muscle damage and dysfunction.

DMD has a spectrum of severity, with boys becoming
symptomatic between 1 and 5 years of age. The diagnosis
is most frequently made over the age of 4 years (3). Most
commonly, boys present with a concern regarding motor
function; other presentations include global developmental
delay, failure to thrive, rhabdomyolysis following a general
anaesthetic or with an incidental finding of raised creatine
kinase or transaminase.
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The classical presentation of DMD is observed with the
child demonstrating a delay in achieving motor milestones
[affected boys cannot run or jump and 50% start to walk
after the age of 18 months (4)] and the classically described
Gowers’ sign whereby patients need to support themselves
with their hands on their thighs to help them rise from the
floor (5).

The diagnosis is confirmed through genetic analysis of
a blood sample for a mutation in the dystrophin gene. A
muscle biopsy to confirm the absence of dystrophin may
be used in addition where there is diagnostic uncertainty
between Becker Muscular Dystrophy and DMD (for
instance in children presenting at a young age with good
motor skills), but genetic analysis enables appropriate
counselling and the consideration of mutation-specific
therapies (5).

As the child grows, their ability to walk deteriorates
with stairs becoming more difficult. Toe walk with an
increasingly lordotic gait is observed and eventually this will
progress to complete loss of ambulation.

Ambulation is lost between the ages of 6 and 12 years
with a median of 9.5 years (6). More recently this has been
modified with the use of the steroid therapy, which slows
progression and prolongs ambulation by 2 to 4 years in most
boys. During the early stages of loss of ambulation, patients
can maintain posture and self propel their wheelchair.

7 Spine Surg 2016;2(3):185-194



186 Archer et al. Duchenne muscular dystrophy: the management of scoliosis

Figure 1 Radiographs demonstrating the difference in curve pattern between that seen in Adolescent Idiopathic Scoliosis and Duchenne

Muscular Dystrophy Scoliosis. (A) An anteroposterior radiograph of a patient with adolescent idiopathic scoliosis; (B) shows an

anteroposterior radiograph of a DMD patient with scoliosis demonstrating the difference in curve pattern and location within the spine.

However, as time progresses this ability is also lost.

The loss of ambulation heralds the start of the
development of a scoliosis. As the scoliosis progresses it
can cause a significant impact on the respiratory system.
Lateral displacement and rotation of the vertebral bodies
alters the mechanics and movement of the associated ribs
during respiration. Furthermore, the abnormal shape of
the thoracic cavity then puts the muscles of respiration
at a disadvantage. Finally, the organs contained within
the thoracic cavity are displaced and compressed. All of
these combined factors mean that respiratory reserve
is considerably reduced and worsens as the scoliosis
progresses (7).

Separate to the changes in shape of the thoracic cavity,
there is an effect on the heart as the loss of the dystrophin
protein also affects cardiac muscle which leads to a
dilated cardiomyopathy. Cardiac function in children and
adolescents with DMD can be variable, but the natural
history suggests that there is a drop in global cardiac function
between 12-14 years of age (8,9). While respiratory failure
remains the major cause of mortality, cardiac death does
occur in approximately 15% of children (10).

As the child develops progressive scoliosis, they begin
to demonstrate difficulty with positioning, and comfort
in their wheelchairs due to the change in posture and
development of pelvic obliquity. Ultimately adjustments
to the chair, for the sake of comfort, cease to be enough to
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prevent breakdown the skin in the concavity of the scoliosis
or on the buttocks from unequal weight transfer. In the
past, this could lead to patients being entirely bed bound if a
comfortable position within a chair could not be found (11).

Furthermore, scoliosis progression can cause costo-iliac
impingement, a painful rubbing of the ribs against the iliac
crest on the concavity of the curve (12). The development
of this symptom, along with skin breakdown and general
discomfort in a wheelchair all significantly impact on the
child’s quality of life.

Scoliosis development in DMD

The reason for scoliosis development in patients with DMD
is poorly understood.

The consensus appears to be that poor mobility and
increasing muscle weakness leads to changes in trunk and
eventually a progressive collapsing scoliosis (5,13).

In DMD patients the progression of scoliosis is rapid
with an increase in angulation of between 16° and 24°
per year, which often occurs fastest during the adolescent
growth spurt (14).

The shape of a scoliosis in DMD differs to that seen
in adolescent idiopathic scoliosis as seen in Figure 1. The
apex develops at the thoracolumbar junction of the spine
and progression involves the whole thoracic and lumbar
spine, leading to development of pelvic obliquity. Patients
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with DMD also appear to develop thoracolumbar kyphosis
as opposed to the lordosis normally seen in idiopathic
scoliosis (15).

Interventions before surgery

Attempts to prevent scoliosis are an important area of
DMD management, however, once scoliosis has developed,
surgical correction is the only solution. Historically
attempts at bracing the spine to prevent progressive
scoliosis have proven ineffective (14), though recent
orthotic and wheelchair developments have improved DMD
management. Unfortunately these postural alterations do
not impact on the scoliosis once it has developed.

The importance of a multidisciplinary team approach
has never been more important, with input from
physiotherapists, rehabilitation specialists, orthopaedics,
paediatrics, cardiology and respiratory medicine all playing
a role in this patient group (16).

Improving patient comfort is important and includes
postural adaptation, in particular inducing a lumbar lordosis
by using a ‘wedge’ on a patient’s seat. This allows patients
to tolerate a better lateral load and helps to prevent low
back pain from a slumped position. Unfortunately this does
not have any effect on the development of the scoliosis in
the long term (17).

Maintaining ambulation for as long as possible can
reduce the risk of the development of scoliosis and can
decrease the severity of the scoliosis in the long term (18).
Again, a multidisciplinary approach is essential involving
physiotherapists, rehabilitation specialists and orthopaedic
surgeons (19). Orthosis can be beneficial in helping to
prevent the progression of lower limb contractures (20),
but surgical management to release contractures may be
necessary. There is no single procedure which all patients
will require and therefore decisions over surgery must be on
an individual patient basis.

Probably the most important development in overall
DMD management has been the use of steroids. There is
evidence that using steroids in patients with DMD can have
numerous positive effects including prolonged independent
ambulation, decreased progression of scoliosis, increased
muscle strength, respiratory function, cardiac function and
quality of life (18,21-26). The use of steroid therapy has
been associated with a reduction in the incidence of scoliosis
in DMD because prolonging ambulation means that some
boys will undergo their pubertal growth spurt before loss
of ambulation. There is also evidence that suggests patients
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treated with long-term steroids may avoid developing a
scoliosis (24).

A number of studies have been performed comparing
steroid administration to controls. One such study looked
at a number of factors that might influence scoliosis
development including age at onset, glucocorticoid
treatment, age at loss of ambulation and forced vital
capacity. In a cohort of 123 patients with DMD, the
administration of prednisolone reduced the development of
scoliosis, prolonging ambulation and a smaller scoliosis at
17 years of age (18).

The use of differing treatment regimens and medications
exists within these studies (21,25,26); however, the overall
results appear positive regardless of the regimen used.
There is little consensus on the exact dose of steroids
required. There is some guidance which can be of benefit
in choosing an appropriate regimen (5) and, as suggested
by the latest Cochrane review on DMD (27), there is an
ongoing NIH-funded study comparing different steroid
regimens which should provide a consensus on the best
treatment (28).

While the use of steroids has been shown to have
significant benefit in DMD patients, there are associated
risks. All boys with DMD are osteoporotic, before initiation
of steroid treatment. This is associated with a two-fold
increased risk of long bone fractures compared to age
matched controls (29). There is also a risk of vertebral
compression fractures related to cumulative dose for
those boys on steroid treatment (30). Other potential
complications include the development of cataracts (24,26),
the risk of spine and long bone fractures (22,25), and a
decreased bone density (25). With regards to cataracts,
both articles, while reporting differing incidence rates of
cataracts, noted that those that required surgical correction
for this was minimal (24,26).

The studies that reference low bone density and
skeletal fractures have suggested regular dual energy x-ray
absorptiometry (DEXA) scans for monitoring purposes. This,
alongside calcium and vitamin D supplementation (22), as
well as dietary advice and bisphosphonates (25) are adjuvant
therapies which can help to reduce the risk of these
complications.

Timing of surgery

Deciding when to intervene surgically for a scoliosis in
DMD is challenging. At its core, surgery is performed to

minimise and balance a scoliosis. This is to improve sitting
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position and comfort, reduce vertebral fractures and any
associated pain and possibly to slow the rate of respiratory
compromise (31).

However, the decision over when to operate is complex
as not all patients develop scoliosis at the same time or
have similar rate of progression. It has been suggested that
although the majority of patients will require surgery, not
all do (32). In these patients, use of a risk prediction system
can help to decide which patients require early intervention
and which patients intervention can be delayed (33).

Early surgery is essential in some patients who either
have a rapid progression of their scoliosis, or whose
respiratory and cardiac function are such that it can be
anticipated that later surgery will not be viable. In those
at high risk of a rapid deterioration, it is suggested that
surgery should be performed once the curve progresses
beyond 20° (34). In some patients, surgery may not
be required if at skeletal maturity, the rate of scoliosis
progression plateaus (24).

If a patient is deemed likely to require surgery, a forced
vital capacity (FVC) less than 35% predicted predicts poor
post-operative outcomes (35), due to a reduced reserve and
an increased risk of respiratory compromise. This is not
necessarily a contraindication to surgery but does suggest that
complications are more likely and that additional ventilatory
support may be required post-operatively (35). More
recent research has suggested that if BIPAP is used post-
operatively, even in those patients with a low FVC, there
is a decrease in the time ventilatory support is required
with no increase in the re-intubation rate (36). There is
a role for pre-operative breathing exercises for six weeks
before surgery (37). This increased patients’ FVC and even
those with an FVC of less than 30% predicted at the time
of surgery had no respiratory complications in the post-
operative period in this series (37).

The assessment of any compromise in cardiac function is
an important consideration before any surgical intervention
can occur. Current guidelines on cardiac monitoring in
DMD patients advocate specialist evaluation and input from
the time of diagnosis (5,38). However, in a recent natural
history study of DMD patients, cardiomyopathy was still
under diagnosed and under-treated (8). A diagnosis of heart
failure can be made in 38% of patients at 14 years of age,
and 81% at 18 years of age [left ventricular (LV) ejection
fraction <55% or shortening fraction <28%] (8). Current
practice is to consider starting medication by 10 years
of age, and that earlier initiation can prevent or delay LV
dysfunction and reduce mortality (39,40). Angiotensin
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converting enzyme (ACE) inhibitors or Angiotensin II
receptor blockers (ARBs) are equally effective in this
setting (41). A combination of beta-blockers and ACE
inhibitors/ARBs is used to maintain cardiac function; the
use of beta blockers suggests a benefit in some retrospective
(42,43) and prospective open, non-randomized (44,45)
studies but not in others (46).

There is increasing debate about the extent and nature
of cardiac imaging, including the use of cardiac MRI (8).
In practice, however, the duration of the scan and the
anaesthetic requirement preclude the routine widespread
use in children and adolescents. The use of detailed
echocardiogram can usually be of benefit in most children
and adolescents. During the planning for scoliosis surgery,
cardiac function should be taken into consideration. One of
the authors (AC) uses as an ejection fraction of <40% as a
cut off for the lower limit of surgery as it is felt that below
this there is an unacceptable increase in mortality.

If the patient is on beta-blockers, and/or ACE inhibitors,
these need to be taken into account pre-operatively due to
blunting of sympathomimetic responses and hypotension.
If beta blockade needs to be stopped pre-operatively this
should be done in a phased manner over a few weeks, and
then restarted in the post-operative period. The same
should apply for ACE inhibitors, though they can be
stopped a couple of days prior to the operation. Once the
immediate high-risk post-operative period has passed, the
beta-blockers and routine medication should be restarted.

Anaesthetic considerations

Children with DMD present a number of anaesthetic issues.
These include poor respiratory reserve, cardiac dysfunction,
the potential for major blood loss and anaesthetic drug
issues.

Optimization of respiratory function before surgery is
essential with the consideration of non-invasive ventilation
and assisted cough techniques when appropriate (16,47).

The high incidence of cardiac dysfunction, both in terms
of reduced contractility and arrhythmias, means that these
patients may rapidly decompensate during induction of
anaesthesia or with hypovolemia.

Due to the anaesthetic agent induced vasodilation, fluid
shifts and blood loss, maintaining cardiac output can be
challenging (38). Central venous and arterial blood pressure
monitoring are essential to monitor haemodynamic status,
and trans-oesophageal doppler or echocardiography may
also be of use (48). Inotropes, such as dobutamine or
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dopamine, should be available.

Managing intravascular fluid volume is further
complicated by the significant blood loss seen in DMD
patients during scoliosis correction surgery, quoted as
between 2.5-4.1 litres on average (14). This high level of
blood loss is caused by poor contractility of dystrophic
skeletal muscle and by and smooth muscle in the walls
of the blood vessels within that muscle (14). There are
a number of methods that can be used to try to reduce
this blood loss including controlled hypotension, patient
positioning, optimisation of coagulation and cell salvage.

Controlled hypotensive anaesthesia will reduce blood
loss compared to normal anaesthesia techniques (49), but
may not be tolerated in the presence of a cardiomyopathy.
In addition, a low intra-operative mean arterial pressure
(MAP) is associated with acute kidney injury, and can cause
significant post-operative morbidity (50).

Correct positioning of the patient is essential as poor
positioning, with abdominal compression, will exacerbate
blood loss, thereby increasing the likelihood of hypovolemia
and the development of a coagulopathy (51).

The use of tranexamic acid in DMD patients who
are undergoing scoliosis surgery has been shown to
reduce blood loss (51). In addition, prompt correction
of a coagulopathy will reduce both intraoperative and
postoperative bleeding.

Cell-saver technology is widely used in spinal surgery to
collect blood from the operative field, and in some centres
postoperatively, and then re-infuse back to the patient. This
has been shown to reduce the number of blood transfusions
required when compared to those who did not use cell-saver
technology (52).

Despite the use of the above blood sparing techniques,
blood transfusion can be required. In view of the reduced
cardiac output, the risk of respiratory muscle fatigue and
the likelihood of postoperative bleeding, one of the authors
(AT) aims for a haemoglobin of greater than 100 g/L at the
end of surgery.

DMD has an impact on the choice of anaesthetic agents,
as some agents may destabilize the muscle membranes,
particularly in young children where the rate of muscle
regeneration is high. The depolarizing muscle relaxant
suxamethonium is absolutely contraindicated, due its
association with rhabdomyolysis and potentially fatal
hyperkalaemia. Malignant hyperthermia does not occur
in DMD but a similar syndrome of anaesthetic induced
rhabdomyolysis (AIR) is well recognised and is associated,
albeit rarely, with the use of volatile anaesthetic agents, such
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as isoflurane (53). However, this is less common in older
children with DMD, as there is less muscle regeneration.
Therefore although volatile anaesthetic agents are still used
in these children, there is a move towards the use of total
intravenous anaesthesia (TIVA), as there is significantly less
risk with this method of anaesthesia (16,47,53).

Due to these considerations, pre-operative assessment
of DMD patients must be robust. Upon completion of
this assessment, discussion of the specific anaesthetic risks
with the patient and the family prior to the procedure is
important. These should include the risks of requiring
prolonged postoperative ventilation, the need for a
tracheostomy, cardiac arrest and death.

Surgical techniques

The technique used for scoliosis surgery in DMD has
evolved over time as approaches and equipment have
improved (15). There are a number of considerations
regarding surgery including the approach, the type of metal
to use, the limits of proximal and distal fusion, patterns of
instrumentation and the type and source of bone graft.

An anterior approach to the spine is not advocated in
DMD patients as it can require lung deflation leading to
respiratory complications and a higher blood loss when
compared to a posterior only approach (54).

Titanium is now the most commonly used metal for the
manufacture of spinal implants used in this setting. The
infection rate is reduced compared to steel implants, as
the self-oxidising properties of titanium makes it relatively
resistant to bacterial colonisation (55).

The level of proximal fusion is questioned across the
literature. It is reported that the fusion needs to extend to 12
to prevent proximal junctional kyphosis developing (15). In
our unit, however, the authors anecdotally support proximal
fusion stopping at T'6 in selected cases as this can maintain
head control and allow continued self feeding, while also
reducing theatre time, as it is a less extensive fusion (56).

The extent of distal fusion is also controversial. Our
centre supports fusions to a distal level of L5 and this is
supported by a study showing that in patients with minimal
pelvic obliquity and scoliosis at the time of operation,
fusions extending distally to L5, had a good outcome
at 34 month follow up (57). It is reported, however, that
patients who undergo fusion to L5 have increasing pelvic
obliquity at 2 year follow up, but only 2 patients in this
study required additional revision surgery for this (58).
It has also been highlighted that better correction and
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Figure 2 A post-operative anteroposterior radiograph of the
earlier DMD patient after surgical instrumentation with fusion to
the pelvis. The proximal extent of the instrumentation and fusion
is T2, however, this patient had already lost the ability to self-feed.

maintenance of pelvic obliquity was not seen in those
instrumented down to the sacrum compared with more
proximal fusion to L5 (59). Differences within practice
still exist and there is no clear evidence for which method
gives the best long-term outcomes. However, the benefit of
shorter proximal fusions, in terms of reduced theatre time
while still providing good outcomes, would seem to point
towards this as the appropriate method for correction.

Over the past 40 years different instrumentation techniques
involving sublaminar wiring, hooks and pedicle screws
have been used. During the early stages of pedicle screw
use, there was evidence that their technical difficulty to
insert, especially into osteopenic bone, led to higher rates of
complications compared to a sublaminar alone system (60).

This led to the development of the hybrid method using
both techniques which showed improved outcomes (60,61).

As time has progressed pedicle screws have become the
widely accepted first choice. This is because their insertion
does not require opening the spinal canal, which in itself
provides a further operative risk to the patient. One study
comparing three methods of instrumentation for the
spine showed that the use of sublaminar wiring appears
to increase theatre time and blood loss when compared to
either pedicle screw only systems or a hybrid of both (61).

Pedicle screw only correction, as seen in Figure 2, has
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now been shown to be effective and it appears to provide
good correction while also allowing early mobilisation
after surgery reducing development of respiratory
complications (62).

The use of autogenous iliac crest bone graft for fusion
remains the gold standard for spinal fusion. Unfortunately,
the collection of autogenous bone can cause significant
complications, the most frequent being pain at the site of
bone harvest. One article suggests the role of allograft bone,
as this reduces the risks associated with autogenous bone
collection but still provides the required osteoinductive
activity (63). A more recent review article highlighted the
move within spinal surgery to using demineralised bone
matrix as this removes the donor site morbidity while still
providing a satisfactory fusion (64).

Risks and complications

While surgery can provide benefits, there are also risks
and complications. The cause of respiratory and cardiac
risks have already been discussed but these risks include
respiratory failure, aspiration, collapse of major lung
segments, postoperative pneumonia, congestive heart
failure, and cardiac arrhythmias. There are also reports of
sudden cardiac arrest intra-operatively which are attributed
to the underlying cardiomyopathy, the mechanism of which
is still poorly understood (38,65).

There is a reported risk of wound infections (66,67). The
recent use of local vancomycin powder in to the wound on
top of the implant and bone graft appears to have a role in
reducing the incidence of wound infections. A recent meta-
analysis, confirms the effectiveness of local vancomycin
powder application (68), and its safety in paediatric patients
undergoing spinal fusion has been confirmed (69).

Pseudoarthrosis is a risk for any spinal fusion procedure
and this can lead to rod breakage and subsequent
deterioration of the scoliosis requiring revision surgery (70).
The continuing development of new surgical techniques
with three column rigid fixation using pedicle screws and
the stimulation and development of a well formed fusion
mass have reduced the rates of pseudoarthrosis significantly.

Loss of head control can be problematic, especially if
during surgery the centre of mass of the head is moved
backwards. The relative weakness in the neck flexors
compared to the neck extensors leads to a loss of head
control and a sagittal profile (71,72), requiring further
orthotic or wheelchair support

There is also a risk of weight loss after surgery and this
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has been linked to a loss of ability to self feed secondary
to the surgery (although this ability may be lost prior
to surgery as part of disease progression). One study
hypothesised that the loss of the ability to self feed was
linked to the reduced range of neck movement and loss
of head control (56). Another study found that the loss of
ability to self feed was only present in those with significant
scoliosis and difficulty sitting (73). Therefore, appropriate
care during surgical correction of scoliosis to prevent loss
of head control and supportive changes to the environment
after surgery are thought to be the best way to prevent this
complication.

Outcomes

Despite the risks associated with surgery, it delivers
significant improvement in patients’ lives. Qualitative data
studying the impact of surgical correction for patients and
parents showed that surgery had improved function, sitting
balance and quality of life (74).

The long-term effects of surgery on respiratory function
are controversial as different researchers have found
differing results. Several studies exist which show no
improvement in respiratory function post-operatively and
no change in respiratory deterioration (58,65,75,76). One
long term study completed a 7-year follow up showing
equal deterioration in respiratory function between
controls and those who underwent surgery (77). There
are studies which show an reduced rate of respiratory
deterioration after spinal surgery (78,79), however, the
overall consensus appears to be that surgery does not
improve respiratory function or slow its deterioration. The
use of steroids, improved respiratory care and non-invasive
ventilation have all helped to maintain respiratory function
long term (80). There is also evidence that life is prolonged
in those who had both scoliosis surgery and used non-
invasive ventilation (81).

Conclusions

DMD is a progressive condition which impacts on patients’
quality and quantity of life. This review has covered
the current thoughts on the aetiology, presentation and
management of scoliosis as it presents as part of DMD.
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