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Spinal muscular atrophy (SMA) is a neuromuscular disease that requires multidisciplinary medical care, including rehabilita-
tion management. The emergence of a genetic therapy-based approach for SMA has markedly changed the disease course. 
Nonetheless, currently, updated physical therapy and rehabilitation are warranted for individuals with SMA in the era of gene 
therapy. In this review, we discuss the physical therapy and rehabilitation strategies currently performed for people with SMA, 
such as positioning and bracing, supported standing, management of musculoskeletal deformities, stretching, physical exer-
cise training like aerobics and strengthening exercises, assistive devices, pulmonary rehabilitation, and dysphagia treatment.
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Introduction

Spinal muscular atrophy (SMA) is a group of neuromuscular 
diseases characterized by the degeneration of the ventral horn 
of the spinal cord with generalized progressive muscle weakness 
and atrophy [1]. SMA is an autosomal recessive disorder caused 
by biallelic pathogenic variants in the survival motor neuron 1 
gene (SMN1) on chromosome 5, resulting in decreased expres-
sion of the survival motor neuron (SMN) protein [2,3]. Patients 
with SMA have one or more copies of SMN2—a similar gene that 
produces functional SMN protein, albeit in reduced amounts [4]. 
The SMA disease severity varies depending on the SMN2 copy 
numbers [1,4].

SMA is classified into four clinical subtypes based on the age 
at symptom onset and maximal motor milestones [1]. SMA type 

1 is characterized by onset by 6 months of age and failure to 
sit unsupported [3,5]. The symptom onset of SMA type 2 is be-
tween 6 and 18 months of age, and those affected can sit inde-
pendently but are non-ambulant [1,6]. SMA type 3, also known 
as Kugelberg-Welander syndrome, is a relatively mild subtype, 
which develops after 18 months of age [3,7,8]. Most individuals 
with SMA type 3 acquire the ability to walk. SMA type 4 is the 
mildest form, which is characterized by an onset of weakness 
during adulthood [1,4].

In 2007, the consensus statement for the standard of care 
for SMA was published by categorizing people with SMA into 
nonsitter, sitter, and walker [9]. This statement has been widely 
adopted by clinicians over the past decade. Nevertheless, 
with the recent introduction of nusinersen (Spinraza; Biogen 
Inc., Cambridge, MA, USA), an antisense oligonucleotide that 

Received: 25 November 2020, Revised: 3 December 2020, Accepted: 3 December 2020, Published: 31 December 2020
*Corresponding author: Dae-Hyun Jang, M.D., Ph.D.  https://orcid.org/0000-0001-8293-084X
Department of Rehabilitation, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 56 Dongsu-ro, Bupyeong-gu, Incheon 
21431, Korea.
Tel: +82-32-280-5207, Fax: +82-32-280-5040, E-mail: dhjangmd@naver.com
Conflict of interest: The authors declare that they do not have any conflicts of interest.
㏄ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
c  Copyright 2020 by the Korean Society of Medical Genetics and Genomics www.e-kjgm.org

http://orcid.org/0000-0003-1791-1831
http://orcid.org/0000-0001-8805-3104
http://orcid.org/0000-0001-8293-084X
mailto:dhjangmd@naver.com
http://crossmark.crossref.org/dialog/?doi=10.5734/JGM.2020.17.2.55&domain=pdf&date_stamp=2020-12-31


56      YG Yi, et al. • Rehabilitation of spinal muscular atrophy www.e-kjgm.org

increases the expression of SMN2 [2,10,11], there has been in-
creasing evidence of improvements in the disease course of all 
SMA types [12-16]. Moreover, the recently approved SMN1 gene 
replacement therapy, AVXS-101 (Zolgensma; AveXis Inc., Ban-
nockburn, IL, USA), has been reported to be effective in younger 
pediatric patients with SMA type 1 [17-19]. Nevertheless, with 
the change in the disease course in children compared with the 
past few years, physicians are gradually changing their perspec-
tive toward more active management of diseases [1,12,16].

This paper discusses the current rehabilitation strategies per-
formed for individuals with SMA, as well as describes the various 
therapeutic approaches, including positioning and bracing, sup-
ported standing, management of musculoskeletal deformities, 
stretching, physical exercise training including aerobics and 
strengthening exercises, assistive devices, pulmonary rehabilita-
tion, and dysphagia treatment.

Positioning and Bracing

Posture maintenance, seating support, and contracture pre-
vention are of paramount significance in people with SMA. In 
individuals who cannot sit without support, daily use of seating 
systems with postural and positioning supports are required. 
Seating systems and postural supports should include supine 
positioning with rolls, molded pillows, or wedges [1] (Fig. 1). 
Strollers and power wheelchairs with recline or tilt options and 
adapted seating systems are recommended to promote mobility 
and transfers [1].

Cervical bracing is often used for head support for safety and 
transportation because of impaired head control [1]. Cervical 

bracing includes a cervical jacket that provides maximal stability 
and the Philadelphia neck collar. Headpod can be used for prop-
er head and neck support [20]. Spinal orthoses could be used to 
promote function during sitting and for postural stabilization, 
but there is a lack of evidence that spinal orthoses delay curve 
progression [1,9,21].

Ankle foot orthoses, knee immobilizers, knee ankle foot ortho-
ses, and hand splints are recommended for stretching and po-
sitioning [1,9]. Lower limb orthoses for ankle and knee are used 
for posture support in walkers. Notably, a minimal frequency of 
5 times per week of applying orthoses for a minimum duration 
of 60 minutes to overnight has been suggested to be effective 
[1,9].

Supported Standing

Supported standing (Fig. 2) promotes lower extremity stretch-
ing, as well as benefits bodily functions and bone and lung 
health. Moreover, it is essential for activating gastrointestinal 
function and promoting spinal alignment. It has been advocated 
in children who cannot walk to help them achieve a standing 
position [22]. The 2007 SMA standard of care recommended 
supported standing with bracing for children with SMA type 2 
[9]. Moreover, the SMA care group recently recommended that 
children with SMA types 1 and 2 consider standing support. The 
recommended optimal frequency of supported standing is 5 to 
7 times per week, with a minimum of 3 to 5 times per week for 
60 minutes [1].

Townsend et al. [22] reported that the prevalence of consis-
tent use of standing programs was 13% in SMA type 1 and 68% 

Fig. 1. Seating systems and postural supports. Fig. 2. Use of supine stander for supported standing with orthoses.
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in SMA type 2. It is also feasible for children who require invasive 
or noninvasive ventilation. Physical therapists should ensure 
that children with impaired head control maintain a supported 
standing position with protected airways and are closely su-
pervised when standing [22]. Lower extremity orthoses, such as 
ankle-foot orthoses and knee braces, can be applied to optimize 
joint alignment and prevent excessive valgus force on the knee 
and to optimize hip joint alignment by placing the hip joint in a 
slightly abducted position [22].

Management of Musculoskeletal Deformities 
including Scoliosis and Hip Dislocation

Scoliosis is highly prevalent in children with SMA 1 and 2, with 
an incidence of 60 to 90% and an initial presentation during 
early childhood [23,24]. The spinal curves consistently progress 
through childhood in these individuals. In addition, a variable 
degree of thoracic kyphosis is prevalent in children with SMA. 
For positioning, thoracolumbosacral orthosis and static thoracic 
bracing can be used with incorporated modifications for respi-
ratory support, including abdominal cutouts [1]. However, brac-
ing cannot prevent the progression of spinal deformity. Spinal 
orthosis is recommended if the child has Cobb’s angle of more 
than 20 degrees with hypotonic trunk [1]. Distortion of the rib 
cage related to scoliosis is associated with respiratory disease, 
and pelvic obliquity associated with scoliosis affects the ability 
to maintain balance in the sitting position [25]. Furthermore, 
hip dislocation or subluxation is common in people with SMA 
[26]. Hip instability with associated pelvic obliquity is prevalent 
in individuals with SMA types 1 and 2 and less common in type 
3 patients [26]. Surgical treatment is indicated for unilateral and 
bilateral hip instabilities only in patients with significant pain [1].

Stretching Exercises

Stretching includes the active-assistive and passive skills, 
and use of orthoses, serial casting, and supported standing for 
positioning [7,9,27-29]. Upper and lower limb orthoses are used 
to increase the range of motion and promote function [1,30]. 
Stretching should be performed directly or under the supervi-
sion of a physical therapist or occupational therapist [1]. In addi-
tion, parents and caregivers should be trained to perform a daily 
stretching program [1,29]. Each stretching session should focus 
on joints, rehabilitation purposes, and specific patient needs 
to achieve maximum benefits [1,29]. Notably, a minimum fre-
quency of 3-5 times a week and optimal frequency of 5-7 times 

a week of stretching exercise is recommended in individuals 
who cannot walk. Similarly, a minimum frequency of 2-3 times 
a week and optimum frequency of 3-5 times a week is recom-
mended in walkers.

Physical Exercise Training including Aerobics 
and Strengthening Exercises

Whether physical exercise training is beneficial or detrimental 
for patients with SMA has been a debatable topic [7,8]. Even 
though several animal studies of physical exercise training have 
evidenced positive effects regarding improving the motor func-
tion and stimulating SMN expression, there is limited clinical 
evidence [31-33]. However, the recent approval of genetic treat-
ment with Spinraza and Zolgensma might enable active physi-
cal exercise to be effective.

1. Current clinical evidence
Active physical exercise training of patients with SMA was 

considered to be likely harmful or not helpful because of muscle 
fatigue-induced weakness and the lack of clinical evidence [33-
35]. To date, approximately 10 clinical studies have reported the 
effectiveness of physical exercise in patients with SMA [33,36]. 
Most of these studies involved small sample sizes (less than 10 
patients per cohort) and were non-randomized controlled tri-
als except for one study [37]. The exercise regimen was aerobics 
or strengthening exercises, and patients with SMA type 2 or 3 
were included. Aerobic exercise training aims to increase exer-
cise capacity and endurance, and strengthening might improve 
muscle strength and functional performance. Most reports have 
demonstrated the feasibility and safety of physical exercise in 
patients with SMA and revealed no increase in plasma creatinine 
kinase levels, fatigue or pain, and adverse events. Moreover, stud-
ies revealed some increase in physical performance, functional 
capacity, and muscle strength. Based on these observations of 
clinical improvement and safety, submaximal strengthening and 
moderate-intensity aerobic exercise training have been recom-
mended in practice [28]. However, the therapeutic efficacy of 
physical exercise is inconclusive because of the small sample 
size, poor methodological designs, and inadequate compliance 
of study patients [33]. Some participants were excluded from 
the study because of fatigue or insufficient cooperation, and 
the program designs were modified per individual needs during 
the study [38,39]. A recent Cochrane review concluded that it is 
uncertain whether physical exercise is beneficial or harmful in 
patients with SMA and requested more well-designed and pow-
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ered studies to assess this aspect [8].

2. Animal studies
Grondard et al. [40] first reported the neuroprotective effects 

of physical exercise through running-based training in severe 
type SMA-like mice in 2005. The authors demonstrated that 
forced wheel running improved motor function and survival 
time and reduced neuronal loss in the ventral horn of the spi-
nal cord. After the first report, by using the same experimental 
designs, they exhibited that physical exercise enhanced the 
maturation of the motor unit and the expression of the gene 
encoding the NMDA receptor [31]. Overall, they suggested 
physical exercise to be a potential therapeutic approach in pa-
tients with SMA. Besides severe type SMA-like mice, Chali et al. 
[32] examined two long-term physical exercises, namely the 
10-months high-intensity swimming or low-intensity running 
training, in mild type SMA-like mice. The authors reported that 
both exercise paradigms improved motor function, muscle fati-
gability, and neuroprotection of motor neurons and prevented 
neuromuscular junction and muscle phenotype alterations. 
Furthermore, they demonstrated that exercise-induced motor 
neuron enhancements were independent of SMN expression 
and related to the specific characteristics of each exercise, in-
dicating that the programs and protocols of physical exercise 
training are crucial. Recently, Ng et al. [41] reported that exercise 
activated AMP-activated protein kinase, p38 mitogen-activated 
protein kinase, and peroxisome proliferator-activated receptor-γ 
coactivator 1α, and altered the molecules involved in SMN tran-
scription. The authors suggested that these changes observed 
after physical exercise indicated an increase in full-length SMN 
expression [41].

3. Future direction
Although there is insufficient clinical evidence currently, phys-

ical exercise training is cost-effective and can be applied at home 
without serious adverse events in patients with SMA. Moreover, 
based on the functional and neurologic status improvement in 
patients with all types of SMA with the recent genetic treatment 
with Spinraza and Zolgensma, a more active physical exercise 
program could be applicable. A recent randomized controlled 
study revealed that high-intensity training improved fitness in 
patients with spinal and bulbar muscular atrophy (SBMA) [42]. 
Nevertheless, SMA has a different genetic cause than SMBA, but 
because SMBA is a common motor neuron disease and similar 
in pattern to mild type SMA, this report suggested that physical 
exercise can be safe and effective in patients with chronic motor 

neuron disease. Nonetheless, further studies regarding the opti-
mal dosing and effective physical exercise program designs are 
warranted in patients with genetically-advanced stages of SMA.

Assistive Devices

In nonsitters, gait training devices and mobility devices can 
be used for supported ambulation, and mobile arm support can 
assist the upper extremity function [1]. Eye-tracking devices can 
be used for communication. Moreover, strollers, power wheel-
chairs with recline or flat, lift, and adapted seating could help 
those with SMA [1]. In addition, a body support walker is feasible 
for those who cannot ambulate.

The use of slings (Fig. 3) or mobile arm supports can augment 
functional abilities and active range of motion [7,9,21,28,30]. The 
use of linear elastic devices to balance the effects of gravity in 
various directions can help people with proximal weakness and 
improve the control of distal function [9]. Mobile arm supports 
[43], such as Armon Ayura and JAECO WREX Supports [44] can 
be attached to most wheelchairs and mobility seating systems.

In sitters with sufficient strength, reciprocal gait orthoses or 
lightweight ischial weight-bearing knee ankle foot orthoses 
should be considered for standing or supported ambulation 
with a walker [9]. Furthermore, adaptive equipment and assistive 
technology should be considered to promote independent work 
and play [9]. Mobile arm support and electric wheelchairs with 
appropriate seating systems are also recommended [9,11,30]. 
Moreover, power assist wheels can be considered in sitters with 
adequate strength [1,45].

Fig. 3. Slings that helps functional abilities and active range of motion 
in individuals with spinal muscular atrophy.
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Pulmonary Rehabilitation

Depending on the type of SMA and the degree of muscle 
function loss, SMA often affects the respiratory system. Natu-
ral history studies revealed that 61% of individuals with SMA 
type 1 required at least one intubation within 1 year after birth 
[46], and that 100% of children with SMA type 1 older than 
12 months required ventilatory support owing to respiratory 
failure [47]. Respiratory support options include noninvasive 
ventilation with bilevel positive airway pressure or a mechanical 
ventilator and invasive ventilation with a tracheotomy. In SMA 
type 2 and non-ambulant type 3, it has been reported that lung 
function declines differently with a common leveling after age 
13 years [16].

Mobilization of secretions involves manual or mechanical 
chest physiotherapy with postural drainage [9,48]. Prone po-
sitioning might assist postural drainage, as illustrated in Fig. 4. 
Because the functional residual capacity in SMA is smallest in 
the Trendelenburg position, positioning in the Trendelenburg 
position during respiratory compromise might benefit dia-
phragmatic function [48]. For secretion clearance, performing 
airway clearance twice a day is recommended in SMA type 1. 
Children with SMA type 2 are recommended to perform airway 
clearance as needed. Manual cough assistance and mechanical 
insufflation-exsufflation with the CoughAssist should be used 
as often as needed because mechanical insufflation-exsuffla-
tion has been noted to improve vital capacity in individuals with 
advanced neuromuscular disorders [49]. Children with SMA type 
3 might need airway clearance postoperatively and during seri-
ous illnesses [16]. 

Most individuals treated with nusinersen were observed to 
need assisted ventilation, which did not deteriorate as expected 
in SMA type 1 or improve [14]. It has been reported that respira-
tory muscle performance was significantly better in children 
with SMA type 2 with 6 injections of nusinersen than the age-
matched SMA type 2 historical controls [15].

Swallowing and Nutrition

Poor head control, limited mouth opening, and difficulties 
conveying food to the mouth is often noted in individuals with 
SMA that hinders their swallowing initiation. Moreover, chewing 
difficulties, oral hypersensitivity, tongue movement abnormali-
ties, reduced range of mandibular motion, and increased fatigue 
of masticatory muscles affect the oral phase of swallowing in 
these individuals [7]. The contracture of the masseter muscles 

often develops in patients by 1 year of age. This issue limits the 
opportunity for oral feeding in children with SMA type 1. Chew-
ing difficulties and fatigue with eating are frequently observed 
in individuals with SMA type 2 [9]. 

Bulbar dysfunction can cause aspiration and pulmonary in-
fections. Moreover, swallowing function has been reported to 
deteriorate in individuals with SMA type 1 at approximately 6 
months of age, with the initiation of tube feeding at the median 
age of 6 months [50]. Therefore, physicians suggest videofluo-
roscopic swallowing study when there are clinical signs of dys-
phagia, such as insufficient sucking, wet voice, and pulmonary 
infection. In individuals with neuromuscular disease who have a 
tracheostomy, oral feeding challenges at a starting low dose of 
0.1-0.2 mL with gradual increase might be attempted regardless 
of aspiration findings [51].

Conclusion

We are currently moving toward a new era in SMA manage-
ment thanks to the advent of genetic treatment. This treatment 
approach can be considered as a transition to chronic and mild 
types from progressive neurodegenerative characteristics. There-
fore, it is imperative to provide long-term comprehensive medi-
cal care involving a multidisciplinary team. Notably, rehabilita-
tion strategies, including positioning and bracing, supported 
standing, management of musculoskeletal deformities, stretch-
ing, physical exercise training including aerobics and strength-
ening exercises, assistive devices, pulmonary rehabilitation, and 
dysphagia treatment can improve the motor function, perfor-
mance, activities of daily life, and quality of life of patients with 
SMA. Therefore, it is crucial to begin these therapeutic strategies 
earlier in the disease course. Nonetheless, further studies are re-
quired to evaluate the effectiveness of these strategies.
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