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Abstract: Spinal muscular atrophy (SMA) is a genetic disorder causing motor neuron loss
and progressive muscle weakness, significantly affecting daily activities and breathing in
severe cases. While rehabilitation is a crucial component of SMA management, no standard-
ised rehabilitation guidelines currently exist. This review synthesised physiotherapy and
respiratory interventions for SMA patients based on a comprehensive literature search from
1990 to 2024. Eighteen studies were analysed: eleven on physiotherapy and seven on respi-
ratory rehabilitation. Five physiotherapy approaches were reported: electrical stimulation,
electrotherapy with cycling, strengthening exercises, aerobic training, and hydrotherapy-
based rehabilitation. Respiratory interventions, such as non-invasive ventilation and cough
assistance, were mainly studied in SMA Type I, reporting prolonged survival and im-
proved respiratory function. A few studies found that combining pharmacotherapy with
intensive physiotherapy led to significantly better motor improvements than drugs alone.
Despite these promising reported results, the lack of standardised methodologies and
long-term clinical trials prevents definitive conclusions. Research should prioritise ran-
domised controlled trial studies with standardised methodologies and larger sample sizes
to investigate the efficacy of physiotherapy and respiratory interventions and, secondly,
inform evidence-based rehabilitation protocols and clinical guidelines.

Keywords: muscular atrophy; spinal; complications; rehabilitation

1. Introduction

Spinal muscular atrophy (SMA) is a group of genetic diseases characterised by the
loss of motor neurons in the brain and spinal cord, causing skeletal muscles to become
increasingly weak [1,2]. The incidence of SMA is 1/11,000 live births, while prevalence
is approximately 1/54 [3,4]. The most common forms of spinal muscular atrophy (SMA),
ranging from type I to type IV, are caused by a mutated or absent gene known as the
survival motor neuron gene 1 (SMN1). The SMNI1 gene, located on chromosome 5q,
encodes the survival motor neuron (SMN) protein, which is essential for maintaining the
health and normal function of motor neurons. Loss of SMN1 can be partially balanced by
the presence of neighbouring SMN2 genes, which are 99% like SMN1 genes. The number
of SMN2 gene copies varies from person to person and determines the clinical severity
of SMA; the greater the number of SMN2 gene copies a person has, the more functional
SMN protein is available, and thus, the later the onset of disease symptoms and the milder
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the disease course. New research studies have highlighted the role of microRNA as a
potential biomarker to monitor disease progression and treatment efficacy [5]. SMA usually
affects the performance of activities of daily living such as crawling, sitting, standing, and
neck and head control, but even swallowing and breathing in the worst cases [6]. Hence,
respiratory failure is the main cause of death and morbidity; meanwhile, musculoskeletal
pain, contractures, limited mobility, fatigue and spinal deformities are the main factors that
affect the quality of life of people with SMA [7-13]. To date, SMA requires prompt treatment
and has no cure if not diagnosed early; therefore, healthcare management focuses on early
diagnosis and on conservative treatments involving different healthcare professionals,
among which the physiotherapist, to preserve the quality of life [14-31].

All neuromuscular disorders require a multidisciplinary approach. Physiotherapy rep-
resents a key factor in improving patients’ function and quality of life [32—-40]. The purpose
of rehabilitation is to preserve motor and respiratory functions, reducing symptoms and
comorbidities. Concerning SMA, in a recent paper by Eugenio Mercuri and collaborators,
some recommendations about rehabilitation have been proposed; stretching, positioning,
mobility exercises, and chest physiotherapy gained a moderate level of evidence [32].
However, no instructions about how to perform them were added. In consideration of
the above, the objective of this narrative review is to summarise the available evidence
on physiotherapy and respiratory interventions in people with SMA and to give technical
specifications about how to perform them to improve patients’ function and quality of life
as much as possible.

2. Materials and Methods

A critical narrative review was conducted. The primary aim was to investigate which
rehabilitation interventions have been proposed for patients with SMA and to search
for those with better evidence. The secondary aim was to give physiotherapists some
technical tips about how to operate in the best way possible. The narrative review was
carried out following the Scale for the Quality Assessment of Narrative Review Articles
(SANRA) [41]. A comprehensive search using MEDLINE via PubMed and the PEDro
databases was conducted from January 1990 to December 2023, as an arbitrary limit (e.g.,
last five years) may lead to potential loss of data. Papers were considered only if written
in English. Case series, single-case studies, randomised controlled trials (RCTs), and
prospective non-randomised studies were included. Abstracts, reports, and systematic
reviews were excluded. Concerning the clinical phenotypes of SMA and the age of patients,
no restrictions were set. All physiotherapeutic interventions were admitted. Studies that
involved pharmacological or non-rehabilitative treatments were rejected. The outcomes
included were biomarkers related to physical exercise (e.g., CK, LDH), motor function scales
(e.g., Modified Hammersmith Functional Motor Scale-Extend), and physical properties tests
(e.g., Time Up and Go, Six Minutes Walking Tests). The adopted search strategy involved
the use of relevant “Keywords” and “Boolean Operators” (Table 1). The snowball technique
was not adopted [42]. Articles were identified for potential inclusion during three stages of
assessment by a single reviewer without peer evaluation: title, abstract and full text. The
reviewer collected data such as the title, authors, study design, number of participants,
intervention and controls, outcomes, and the main results reported by the authors.
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Table 1. Databases research strategies.

PubMed Medline Research Strategy

Search Query Items Found
#1 (spinal muscular atrophy) AND (electrical stimulation) 133
#2 (spinal muscular atrophy) AND (whole body vibration training) 5
#3 (spinal muscular atrophy) AND (strength training exercise) 36
#4 (spinal muscular atrophy) AND (aerobic training) 72
#5 (spinal muscular atrophy) AND (hydrotherapy) 3
#6 (spinal muscular atrophy) AND (scoliosis) 243
#7 (spinal muscular atrophy) AND (“Respiratory Insufficiency/therapy”) 55
#8 (spinal muscular atrophy) AND (Positive-Pressure Respiration) 46
#9 ((spinal muscular atrophy) AND (rehabilitation)) AND (orthoses) 15
#10 ((spinal muscular atrophy) AND (contractures)) AND (range of motion) 10
#11 (spinal muscular atrophy) AND (Wheelchairs) 62
PEDro research strategy
#1 “Simple research” with “spinal muscular atrophy” as keyword 12
3. Results

The search strategy gave 692 potential studies. After the removal of duplicates,
they were reduced to 686. Then, the titles and abstracts of these remaining studies were
evaluated, excluding further studies that did not meet the inclusion criteria. The title and
abstract screening excluded 644 records, ending with 46 studies.

Of the 46 remaining studies, the full-text version was evaluated. Of these, 28 studies
were excluded because they did not meet the inclusion criteria, while the remaining 18 were
considered eligible. Figure 1 shows the entire process represented in the PRISMA 2020 Flow
Diagram. The selected studies are classified as follows: two randomised controlled trials, one
non-randomised controlled trial, two prospective cohort studies, two retrospective cohort
studies, one retrospective analysis, two case—control studies, three case series, two multi-case
studies, and three case reports.

Among the 18 studies included, 11 investigated the role of physiotherapy, and 7 investi-
gated respiratory interventions.

After a detailed analysis of the articles, five physiotherapy approaches to patients with
SMA were identified: electric stimulation, electrotherapy combined with cycling exercise, a
combination of strengthening exercises and whole-body vibration, strengthening training,
aerobic exercises, and hydrotherapy combined with a rehabilitation program.

Regarding the studies that investigated respiratory rehabilitation, seven were included.
The adopted interventions were non-invasive ventilation care (Bilevel Positive Airways
Pressure—BiPAP), eventually combined with cough assistance (manual or Mechanical
Insufflation—Exsufflation—MIE), compared in terms of survival and hospitalisation for respira-
tory failure, to tracheostomy or supportive care, and noninvasive ventilation used to improve
respiratory and sleep parameters. The studies’ characteristics are described in Table 2.
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Recordsidentified from Databases:

Medline via Pubmed,

CINHAL, Cochrane Library and EDS

Base Index
Total (n=692)

Records removed before screening:

Duplicate records removed (n = 6)

Recordsscreened
(n=686)

Records excluded (n = 644)

Reports sought for retrieval

(n=47)

Reports not retrieved
(n=1)

Reports assessed for eligibility
(n=46)

Reports excluded:
Wrong intervention (n = 24)
Wrong study design (n=1)
Wrong population (n = 1)
Wrong publication type (n = 3)

Studies included in the review

(n=18)

Figure 1. PRISMA Flow Diagram.
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Table 2. Characteristics of the studies included.

Author and Year

Study Design Intervention

N. of Participants Outcomes

Main Results

Bach et al. (2002) *
[43]

16 patients underwent
tracheostomy (group A);
33 used high-pressure
PIP + PEEP nocturnal
ventilation and were intubated
during intercurrent respiratory
infections (group B); 7 died
from respiratory failure,
refusing intubation and
tracheostomy (group C).

Retrospective Analysis

Survival, hospitalisation,
language, and outcomes related
to the need for a respirator in
patients with SMA I, using
non-invasive ventilation
or tracheostomy.

56 patients with SMA 1

Compared to group B, patients in group A
had fewer hospitalisations until the age of 3,
but more after 5 years and 15 out of 16 lost all
spontaneous respiratory tolerance
post-tracheostomy and could not speak. One
patient from group A passed away at
16 months of age, and the others were
73.8 +/— 57 months old (the oldest being
19 years old). Two patients from group B
passed away at 6 and 13 months, while the
remaining 31 were 41.8 +/— 26.0 months old
(and up to 8.3 years). Three of the 31 in
group B required continuous PIP + PEEP with
minimal tolerance for breathing on their own,
and 4 could not communicate verbally.

Bach et al. (2000) *
[44]

Non-invasive respiratory care
(BiPAP, manual and
mechanic assistance) versus
conventional care.

Retrospective Cohort Study

Successes and failures of a
non-invasive respiratory
management protocol vs.
conventional respiratory

management.

11 patients with SMA 1

Two children survived for 37 and 66 months
and were never intubated despite requiring
24-h nasal ventilation from 5 to 7 months of
age. Two children underwent tracheostomy,
and one child was lost to follow-up
three months after successful extubation. The
other six children were managed at home for
15-59 months (average 30.4) using nighttime
nasal ventilation after an episode of
respiratory failure. Nine children were
successfully extubated 23 out of 28 times
using the protocol. In contrast, the same
children managed conventionally without the
protocol were successfully extubated only
2 out of 20 times (p < 0.001 from a two-tailed
Fisher exact test).

Bulut et al. (2019)
[45]

Ergometric training was
performed three times a week
for 12 weeks. After a wash-out

period of 6 weeks,
hydrotherapy was applied
twice a week for 12 weeks.

Case report

1 child with SMA 1 HFMS, GMFM and PedsQL 3.0.

The HFMS and GMEFM scores, child’s lung
function, and quality of life scores of their
parents improved with both approaches. The
improvements were maintained during the
1-year follow-up.
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Table 2. Cont.

Author and Year

Study Design

Intervention

N. of Participants

Outcomes

Main Results

Chatwin et al. (2011) *
[46]

Case series

Sleep study; non-invasive

positive pressure
ventilation (NIPPV) for
ventilatory support and
physiotherapy; use of
mechanical insufflation/
exsufflation (MI-E).

13 patients with SMA I

Oxygen saturation (SpO2)
and transcutaneous carbon
dioxide (TcCO2).

NIPPV and MI-E were used for
successful extubations guided by the
protocol (No. = 9) but not for those not
guided by the protocol (No. = 3). NIPPV
was essential for home discharge in
ventilator-dependent patients (n = 7) and
used for palliating respiratory symptoms
(n =4). The chest wall shape improved
with NIPPV. The parents of the deceased
children (n = 5) were positive about the
use of these techniques.

Cunha et al. (1996)
[47]

Multi-case study

Individual physiotherapy
once a week and
hydrotherapy and
therapeutic swimming
(Halliwick method) for
30 min for children and
45 min for adults,
twice a week for 2 years.

50 patients (30 with SMA II

and 20 with SMA III)

Deformities in joints,
development of scoliosis,
Manual Muscular Test,
Barthel Ladder, and
motorial activities.

The degrees of deformity in the hips,
knees, and feet increased in all patients;
scoliosis was more pronounced in type I

patients compared to type III. Muscle

strength stabilised or improved in
patients with SMA type III. A total of
93% of type II patients and 100% of
type III patients showed improvement in
activities of daily living (Barthel Ladder);
type II patients improved their motor
activities except for ambulation. Type III
patients improved all motor activities,
including ambulation.

Fehlings et al. (2002)
[48]

RCT

Therapeutic electrical
stimulation (TES) at low
intensity was applied for

6 to 12 months on the

deltoid and biceps muscles

in the treatment arm. The
control arm received
placebo stimulation.

13 patients with
SMA II and IIT

Myometry, manual muscle
testing, maximum evoked

muscle response amplitudes

(M waves), and the PEDI.

There was no statistically significant
difference between the treatment arm
and the control arm at baseline,

6 and 12 months in quantitative
myometry, manual muscle testing,
M-wave amplitude (p = 0.12),
and PEDI (p = 0.11).
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Table 2. Cont.

Author and Year Study Design Intervention N. of Participants Outcomes Main Results

Gobbo et al. (2019)

During phase I (weeks 1-8)
was provided a home-based
program for quadriceps
strengthening through
neuromuscular electrical
stimulation (NMES).
During phase II
(weeks 9-18), at-home
NMES was combined with
functional electrical
stimulation (FES) assisting
volitional cycling for a
broader, systemic
conditioning.

1 patient with SMA type III

Quadriceps circumference
and strength (MIVC), Tinetti
scale, Hammersmith scale
(HFSME), Heart rate (HR);
oxygen consumption (VO2);
and metabolic equivalents of
task (METs).

By the end of Phase I, quadriceps
isometric strength showed a significant
increase, rising from 1.7 to 2.2 kg on the
right side and from 0.8 to 2.0 kg on the
left. Thigh circumference expanded by
7 mm and 3 mm on the right leg and by

5 mm and 3 mm on the left. At the
conclusion of Phase II, thigh
circumference further increased
compared to baseline, reaching 15 mm
and 9 mm on the right leg and 12 mm
and 6 mm on the left. Maximum
voluntary isometric contraction (MVIC)
of the right quadriceps rose by 70.6%,
while the left quadriceps nearly tripled
in strength, increasing from 0.8 to 2.3 kg.
Motor function assessments indicated a
7-point improvement on the HFMSE
scale. The Tinetti score increased by

4 points for both balance and gait.
Energy expenditure during FES-assisted

cycling progressively increased from
2.3 METs to a final value of
3.1 standard METs and from 2.6 to
3.4 measured METs. Cycling power also
improved, with average power rising
from 7 to 9.8 watts and maximum power
increasing from 14.4 to 16.8 watts
between the first and final sessions.
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Table 2. Cont.

Author and Year

Study Design

Intervention

N. of Participants

Outcomes

Main Results

Lemoine et al. (2012) *
[50]

Retrospective
Cohort Study

Proactive respiratory care
with BiPAP during sleep
and cough assistance twice
a day in the first group;
respiratory support care
through suction, with or
without supplemental
oxygen in the
second group.

44 children with SMA 1

The primary outcome was
time of death comparing the
children who received
proactive respiratory care
versus supportive care.

Children treated with early proactive
respiratory care had statistically longer
survival compared to support therapy

(log rank 0.047); however, the hazard
ratio for adjusted survival concerning

confounding variables was not
statistically different
(2.44 [95% confidence interval 0.84-7.1]).
Children in the proactive group were
more likely to be hospitalised for
respiratory failure (83% vs. 46%), and
the time from diagnosis to the first
hospitalisation for respiratory failure
was reduced (median 118 vs. 979 days).

Lewelt et al. (2015)
[51]

Prospective cohort study

Supervised resistance
exercise program
performed at home,

3 times a week for 12 weeks.

9 patients with
SMA II and SMA III

Feasibility, safety, QMA,
HHD, MMT, and
MHFMS-Extend.

The average amount of weight lifted by
the participants as a group increased
significantly (p < 0.001) by 0.27 (0.05) kg;
the perceived exertion level remained
unchanged (p = 0.76). Pain was
perceived as absent 99.5% of the time on
the FACES scale. For strength, there was
a significant change in the total
composite MMT score (p = 0.01), a
non-significant increase in QMA, and no
change in HHD. MHFMS-Extend scores
for motor function significantly
improved (p = 0.04).

Madsen et al. (2015)
[52]

Non-randomised
control trial

A 12-week training
program with a cycle
ergometer, consisting of
42 sessions of
30 min at 65-70% of
VO2max, performed
2 to 4 times a week.

6 patients with SMA III and
9 healthy people of the
same age and gender

VO2max, ADL, changes in
Wmax, isometric leg muscle
strength (hand-held-
dynamometer), body
composition, and performance
in functional tests (6MWT;
6SST, TUG; 55TST).

The training improved VO2max in
patients with SMA Il by 27 £ 3%

(p <0.001). There was no change or
increase in fatigue in all subjects. The
maximum workload capacity (Wmax)

remained unchanged in half of the

patients and increased in the other half.
There were no significant changes in
muscle strength, 6(MWT, 65ST, TUG, and
5STST in any patient.
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Author and Year

Table 2. Cont.

Study Design

Intervention

N. of Participants

Outcomes

Main Results

Markstrém et al. (2010) *
[53]

Cohort Study

Nightly BiPAP use for more

than 12 months (median
32 months, min. 14,
max. 72 months) and
comparison with
parameters in the
absence of support.

10 patients with SMA II

Oxygen saturation (Sp0O2),
transcutaneous partial
pressure of carbon dioxide
(TcPaCO2) and oxygen
(TcPaO2), phase angle

between chest and abdominal

movements, and
electrocardiogram
(HR, PTT, PTT range).

The HR and PTT parameters between
breathing without support and with
optimal Bi-PAP were comparable
(p = 0.85 and 0.79, respectively), as were
the blood gases (5a02, TcO2, TcCO2
p =0.79,0.88, 0.79, respectively).
Respiratory efficiency improved when
Bi-PAP was optimal (reduction in phase
angle from 42 to 22). Suboptimal Bi-PAP
due to mask air leakage was associated
with significant increases in
breath-to-breath variability in

Mellies et al. (2004) *
[54]

Case-ontrol Study

Non-invasive ventilation
use for 7-12 h at night in
SMA patients with sleep
disturbances; Supportive
treatment in SMA patients

without sleep disturbances.

12 patients with
SMA T and IT

Inspiratory vital capacity
(IVC), PIP, PEEP, complete
polysomnography with
transcutaneous carbon
dioxide partial pressure
(PtcCQO2), respiratory

disturbance index (RDI), and

a visual analogue scale.

HR, PTT, and phase angle.

The non-invasive ventilation during
sleep eliminated disordered breathing,
normalised sleep architecture, and
improved symptoms (p < 0.05 for all).

Mirea et al. (2022)
[55]

Retrospective
observational study

Correction of posture,
reduced stiffness, increased
range of motion and muscle

strengthening at least

5 times per week.

55 patients with
SMAT II, III

CHOP INTEND was
performed in SMA type I
patients, while HFMSE
in type II and III patients.

Motor skill improvements
were statistically
significantly (p < 0.001) higher in the
study group, being almost four times
better (12.66%), effect size, in
comparison to the control

group (3.18%).
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Author and Year

Study Design

Intervention

N. of Participants

Outcomes

Main Results

Montes et al. (2015)
[56]

RCT

A muscle strengthening
program (3 times per week
for 30 min/day), combined
with a home-based aerobic

exercise program using a
cycle ergometer (5 times
per week for 30 min/day),
for 19 months in the
experimental group and
12 months in the
control group.

14 patients with
SMA Illa and IITb

6MWT, HEMSE, TUG, FVC,
PedsQL Generic Quality of
Life Inventory,
Multidimensional Fatigue
Scale and Fatigue
Severity Scale.

At baseline, the two groups were similar
in all clinical variables. There were no
significant changes in the experimental
group after 6 months in the primary
outcome measure ((MWT walking
distance), or in measures of strength or
motor function. VO2 max improved by
4.9% in all participants at 6 months
(p =0.036) (n = 10).

Novikov et al. (2023)
(571

Case series

Spinal cord stimulation was
applied alongside physical
therapy. The therapy
included both passive and
active stretching of the
upper and lower joints,
positioning techniques,
weight movements,
exercises to prevent
scoliosis, stepping and
kicking actions, as well as
breathing exercises.
Stimulation targeted one or
two spinal cord regions,
either above the cervical or
lumbar enlargements, or
above the cauda equina.

5 patients with SMA I or Il

RULM, HFMSE, FVC
and goniometry.

Testing of HFMSF of participants’ sitters
showed an increase of 0, 2 and 1 points,
respectively. The length of sitting
independently of one participant
increased from 20 s to 3 min; another
participant learned to move from the
couch to the wheelchair, from the
wheelchair to the floor and back to the
couch, and managed to pull himself to a
standing position while holding on to
the bars of the Swedish Wall. FVC
increased by 7%, 1% and 3% of predicted
values based on height and age in
three participants.
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Author and Year

Study Design

Intervention

N. of Participants

Outcomes

Main Results

Petrone et al. (2007)*
[58]

Case series

Baseline sleep study
(polysomnography) and
use of BiPAP for 20 min,

2/3 times a day.

9 patients with SMA I and II

Assessment of the sleep
apnea/hypopnea index
(AHI), mean oxygen
haemoglobin saturation
(Sp02), oxygen desaturation
index, transcutaneous carbon
dioxide tension (tcpCO2),
and the mean phase angle
during sleep as a measure of
thoracoabdominal
coordination.

Comparing the baseline sleep studies
with those conducted after non-invasive
ventilation, a significant improvement
was observed in the oxygen desaturation
index (p 0.010), mean tcpCO2 (p 0.001),
and phase angle (p 0.001). For five
patients, the improvement in
thoracoabdominal phase angle became
significant when using high-pressure
biphasic airway pressure (PAP) at
two levels.

Salem et al. (2010)
[59]

Case report

Hydrotherapy for 45 min
per session, 2 times a week
for 14 weeks.

1 patient with SMA III

GMEFM, PDMS-2 and
GAITRite system.

There was an improvement in muscle
strength of the lower limbs, pelvic
movements, hip flexion, knee flexion,
and ankle flexion during the swing
phase. The GMFM improved by 11%.
The gross motor quotient for PDMS-2
improved from 66 to 74. Additionally,
spatial and temporal gait measures
(walking speed, stride length, etc.)
showed improvement.

Vry et al. (2014)
[60]

Multi-case study

8 weeks of whole-body
vibration training
(15-18 Hz) at home using
an alternating side-to-side
platform (3 sets x 3 min,
twice a day, 5 days a week).

22 patients (8 SMA
and 14 with DMD)

Serum creatine kinase levels,
function tests, muscle
strength and angular degree
of dorsiflexion of the ankles.

In patients with SMA, laboratory
parameters (CK, PCR, electrolytes) were
unchanged. Secondary outcomes on
training effectiveness (muscle strength,
ankle dorsiflexion, temporal functional
testing) showed mild, but not significant,
improvements, except for the 6-min walk
test (6MWT) (p < 0.01).

N, number; *, respiratory studies; RCT, randomised controlled trial; SMA, spinal muscular atrophy; DMD, Duchenne muscular dystrophy; GMFM, gross motor function measure;
HFMS, Hammersmith motor function scale; MHFMS-Extend, modified Hammersmith motor function scale-extend; PEDI, paediatric evaluation of disability inventory; BiPAP, bi-level
non-invasive ventilation; PIP, peak inspiratory pressure; PEEP, positive end-expiratory pressure; PedsQL, paediatric quality of life inventory; RULM; revised upper limb module for
spinal muscular atrophy; QMA, quantitative muscle analysis; HHD, hand-held dynamometery; MMT, manual muscle testing; VO2max, maximum oxygen consumption; ADL, activities
of daily life; PDMS-2, Peabody developmental motor scales, second edition; 6BMWT, 6 min walking test; 65ST, six sit-to-stand test; TUG, timed up and go; FVC, forced expiratory vital
capacity; 5STST, five times sit to stand test; CHOP INTEND, the Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders; FES, functional electrical stimulation; METs,
metabolic equivalents of task.
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3.1. Motor Rehabilitation
3.1.1. Hydrotherapy

In three of the selected studies, hydrotherapy (alone or in combination with physio-
therapy) was applied to improve trunk and limb motor functions and ambulatory ability.

Bulut et al. assessed the effects of two different training interventions on lung and
motor functions, as well as the quality of life in a person with type I SMA [45]. The aerobic
training, supervised by a physiotherapist, involved using an ergometer three times a week
for twelve weeks, with exercise intensity set at 60-70% of the participant’s maximum heart
rate measured with a pulse oximeter. Following a six-week washout, hydrotherapy was
performed twice a week for twelve weeks. The hydrotherapy sessions included 5-10 min
of warm-up and stretching exercises, followed by 40 min of the Halliwick method in a
heated pool at 30-32 degrees Celsius, and finally, 5-10 min of cooling-down exercises. The
results suggested that if protracted over time, this combined approach could improve trunk
and limb movements, motor function (HFMS and GMFM), lung function, quality of life
and patient autonomy (PedsQL 3.0). Cunha et al. conducted a multiple case study to
explore the effects of adding hydrotherapy for individuals with type II and III SMA [47].
Fifty participants (thirty with type II SMA and twenty with type III) performed individual
physiotherapy once a week for two years, and at the same time, hydrotherapy (Hallwick
method) two times a week. Physiotherapy consisted of kinesiotherapy, stretching, and
respiratory exercises. The degrees of deformity in the hips, knees, and feet increased in
all patients, as well as scoliosis. A total of 93% of type II patients and 100% of type III
patients showed improvement in activities of daily living (Barthel Ladder); type II patients
improved their motor activities except for ambulation. Type III patients improved all motor
activities, including ambulation.

Salem et al. proposed a hydrotherapeutic programme focused on functional move-
ments in a child with type IIl SMA to monitor the changes in motor functions and gait’s
spatiotemporal characteristics [59]. Every session consisted of a warm-up period, in-water
exercises, and finally, a cooling period. Both warming and cooling periods were performed
in water and included low-intensity aerobic exercises (respiratory exercises, flexibility, and
walking activities). Activities were adjusted based on the child’s capabilities and to allow
practice in the form of play. There was an improvement in the muscle strength of the lower
limbs and movements during the swing phase. The GMEM improved by 11%. The gross
motor quotient for PDMS-2 improved from 66 to 74. Additionally, spatial and temporal
gait measures (walking speed, stride length, etc.) showed improvement.

3.1.2. Aerobic Training

Madsen et al., in their non-randomised controlled trial, studied the effect of training
aerobic programs lasting twelve weeks in an in-home setting [52]. Participants trained at
home using a cycle ergometer and performing aerobic sessions lasting 30 min at 65-70% of
VO2max, estimating VO2max through correlation with heart rate. Thus, maintaining the
heart rate to an oxygen uptake of 60-75% of VO2max. All subjects monitored and recorded
their heart rate during cycling using a Polar Pulse Watch. The patients were instructed
to perform 3-5 min of warm-up before each training session, gradually increasing the
workload until they reached the heart rate target. The number of sessions progressively
augmented from two to four times a week, aiming to reach 42 sessions in 12 weeks. The
training improved VO2max in patients with SMA III by 27 £ 3% (p < 0.001), but no
significant changes in muscle strength, 6SMWT, 65ST, TUG, and 5STST in any patient.

Montes et al. conducted an RCT to examine the effects of a mixed program involving
both strengthening and aerobic home-based training sessions in 14 participants with type III
SMA [56]. The participants engaged in aerobic training using a cycle ergometer for 30 min,



Appl. Sci. 2025, 15, 4398

13 of 21

five times a week, and performed strengthening sessions three times a week, each with a
similar duration. This intervention was administered for 19 months in the experimental
group and 12 months in the control group. No significant changes in the experimental
group after 6 months of exercise in the 6SMWT walking distance were reported. Instead,
an improvement in VO, max was observed in all participants after six months of exercise,
with the greatest gains among those who adhered closely to the program. Compliance
was defined as completing at least 90% of the recommended weekly exercise and not
missing more than two consecutive weeks within three months. Across all participants
(n = 10), percent-predicted VO, max increased by 4.9% (p = 0.036), while the most compliant
individuals (n = 5) experienced an even greater improvement of 6.6% (p = 0.012).

3.1.3. Electrical Stimulation

Fehlings et al. conducted an RCT to investigate the effects of therapeutic electrical
stimulation (TES; NT-2000), administered for 12 months to 13 patients with SMA II and III
on the deltoid (shoulder abductor) and bicep (elbow flexor) muscles of a randomly chosen
arm [48]. The opposite arm received sham stimulation (placebo), which stopped after
fifteen minutes of stimulation. TES was administered using transcutaneous and conductive
silicone rubber electrodes. The electric stimulator used a two-channel battery that generated
pulses of coupled alternating current. It was turned on when the participant went to bed
and turned off in the morning. Stimulation parameters consisted of a pulse amplitude of
300 ps, a pulse frequency between 35 and 45 Hz, a peak intensity of less than 10 mA, and
a 1:1 on/off cycle. The results showed no statistically significant difference between the
treatment arm and the control arm at baseline, 6 and 12 months in quantitative myometry,
manual muscle testing, M-wave amplitude (p = 0.12), and PEDI (p = 0.11), suggesting poor
effectiveness of this treatment on SMA patients.

Gobbo et al. raised awareness of the potential role of electrotherapy in helping improve
motor performance in SMA patients [49]. The study focused on a 13-year-old adolescent
with SMA type III who participated in an 18-week strengthening program divided into
two phases. Phase I (weeks 1-8) involved a home-based quadriceps strengthening regimen
using neuromuscular electrical stimulation (NMES). The NMES protocol was administered
for 22 min per session, five days per week. It began with a 2 min warm-up phase consist-
ing of single twitches (frequency: 5 Hz; stimulus width: 380 ps), followed by a 20 min
strengthening protocol featuring tetanic contractions (duration: 2 s; frequency: 35 Hz; pulse
width: 380 ps), interspersed with 9 s recovery periods of single twitches at 3 Hz. During
phase II (weeks 9-18), NMES was combined with functional electrical stimulation (FES) and
10 sessions of voluntary cycling exercise (FES-assisted cycling). The protocol lasted 25 min
and was conducted at a speed of 30 rpm, with pedal resistance progressively increasing
from 5 to 9 Nm. Stimulation amplitude was set at 45 mA for the quadriceps, 30 mA for
the hamstrings, and 25 mA for the gluteal muscles. Results indicated that NMES led to an
increase in thigh circumference (up to 7 mm by the end of Phase I), suggesting muscle mass
gain. Functionally, improvements were observed on the HFMSE scale, particularly in items
related to standing performance and lower limb motor abilities. Similarly, the Tinetti scale
allowed appreciation of a substantial gain in balance and gait.

Novikov et al. investigated the effects of transcutaneous spinal cord stimulation
combined with physical therapy in five children with genetically confirmed SMA II or
III [57]. Participants, classified as sitters or non-sitters, had been receiving nusinersen for
approximately two years. The intervention aimed to reduce joint contractures, improve
endurance, and develop motor skills through individualised rehabilitation plans. Sessions
included passive and active stretching, weight-bearing exercises, stepping movements, and
breathing exercises, supplemented by additional therapies such as massage. Functional



Appl. Sci. 2025, 15, 4398

14 of 21

improvements were observed in four participants, including increased independent sitting
time, improved transfers, and enhanced posture control. No adverse events were reported,
and participants tolerated the intervention well.

3.1.4. Whole Body Vibration

Vry et al., in their multi-case study, evaluated the safety and effectiveness of strength
and motor performance of whole-body vibration training in ambulatory children with
Duchenne muscular dystrophy (DMD) and SMA [60]. After a learning phase in the hospital
with the help of experienced physiotherapists, 4 children with DMD and 8 with SMA
underwent an 8-week vibration training programme on a Galileo MedM at home (3 x 3 min
twice a day, 5 days a week). For the first training, a low vibration frequency of 10 Hz was
chosen, gradually increasing to 15-18 Hz as the patients felt comfortable with the training.
The target frequency of 15-18 Hz was achieved on the first day for all patients. The
vibration amplitude was 4 mm. Each training session consisted of three units, each lasting
three minutes, with a three-minute rest between each unit. During each unit, the children
performed a physical exercise on the vibrating platform: 1) light squatting, 2) stretching
of the gastrocnemius muscle, and 3) light alternating weight shift from the right to the
left leg for two consecutive days with two and three training sessions per day in the
hospital. After the hospital training phase, the patients continued to practice WBVT at
home, 3 x 3 min twice a day, with a minimum break of 4 h between the two sessions, on
five freely selected weekly days. The intervention was well tolerated clinically. In boys
with DMD, creatine kinase levels initially increased by 56% after the first day of training
but returned to baseline after eight weeks of continuous whole-body vibration therapy.
No significant changes in laboratory parameters were observed in children with SMA.
Regarding training effectiveness, secondary outcomes such as muscle strength and ankle
dorsiflexion showed mild, non-significant improvements. However, performance on the
6 min walk test (6MWT) significantly increased from 371.3 m to 402.8 m (p < 0.01).

3.2. Respiratory Interventions
3.2.1. NIV vs. Tracheostomy/Supportive Care

Bach et al., in the 2000 study, aimed to investigate whether type 1 SMA could be
managed without tracheostomy and whether extubation results could be compared using
a protocol for respiratory muscle support [44]. Eleven type 1 SMA children were studied
during episodes of respiratory failure, and nine of them required multiple intubations. In
addition to standard treatments for nutrition and hydration, these children underwent a
protocol with manual and mechanically assisted coughing to reverse the decrease in oxygen
saturation associated with airway mucus. The pressures used ranged from 25-40 cm H20
to 225-240 cm H2O for up to 10 min, depending on the needs. Abdominal thrusts were
applied during expiration. Extubation was not attempted until, primarily, there was no
longer a need for oxygen to maintain oxygen saturation above 94%. After extubation, all
patients received nasal positive end-expiratory pressure ventilation.

Bach et al., in the 2002 study, recruited 56 patients with SMA1 who developed respira-
tory failure before the age of 2 and divided them into three groups based on treatment [43].
The 33 patients in Group B were initially prescribed oximetry, mechanical insufflation—
exsufflation (MI-E), and high-flow PIP + PEEP, which was used during sleep and upper
respiratory tract infections, with intervals of 13-17 cm H2O and positive inspiratory pres-
sures in the airways up to 20 cm H2O. Positive pressure was applied at 35-40 cm H20
during upper respiratory tract infections to expel airway mucus. For non-cooperative in-
fants, nasal interface placement and initiation of PIP + PEEP during sleep were employed.
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Lemoine et al. investigated if the initiation of non-invasive mechanical respiratory
interventions in patients with SMA I was associated with longer survival compared to
those who received only supportive care [50]. Proactive management of chronic respiration
included airway clearance through mobilisation of secretions with manual or mechanical
chest physiotherapy and cough assistance, as well as BiPAP ventilatory support during
sleep. Supportive care was defined as other respiratory support, such as supplemental
oxygen and suctioning.

3.2.2. NIV to Improve Respiratory and Sleep Parameters

Chatwin et al. investigated in a cohort of 13 children with SMA I the role of
polysomnography, the provision of non-invasive positive pressure ventilation (NIPPV) for
ventilatory support and physiotherapy, and the use of MI-E [46]. Pressures were set low
(positive inspiratory airway pressure 12 cm H2O, positive expiratory airway pressure 4 cm
H20 with a backup rate between 18 and 35 breaths per minute depending on the child’s
spontaneous respiratory rate and inspiratory time); settings were then rapidly increased to
ensure good chest wall movement and eliminate paradoxical breathing. NIPPV and MI-E
were used for protocol-guided successful extubations (n = 9) but not for those not guided
by the protocol (n = 3). NIPPV was essential for home discharge in ventilator-dependent
patients (n = 7) and was used for palliation of respiratory symptoms (n = 4). The chest
wall shape improved with NIPPV. Parents of deceased children (n = 5) were positive about
using these techniques.

Markstrom et al. treated 10 boys with SMA II (aged 8-12 years) with nightly BiPAP
for more than 12 months, and all had normal blood gases [53]. All children used Bi-
PAP ventilators set in spontaneous/timed mode. Positive inspiratory/expiratory airway
pressures were set at 12-20 cmH20 and 4-7 cmH2O, respectively. The respiratory rate was
set slightly below the rate of spontaneous breathing.

Mellies et al., in a cohort of twelve children with SMA I or 1I, investigated the use
of non-invasive ventilation during sleep in six patients with SMA I and one with SMA 1,
both with sleep disorder, adopting polysomnography and a symptom questionnaire [54].
Five less severely affected patients had no sleep disorders and served as the reference
group. In the treatment group, non-invasive ventilation with BiPAP was used for 7-12 h of
sleep during the night with the following ventilator settings: positive inspiratory airway
pressure range of 8-14 cmH2O, positive end-expiratory pressure range of 3—4 cmH20,
and backup respiratory rate range of 16-24 bpm. Patients in the reference group and their
caregivers, on the other hand, were trained in assisted coughing techniques, which they
applied daily.

Petrone et al. investigated the effectiveness of non-invasive ventilation in treating tho-
racoabdominal asynchrony during sleep in children with SMA I and II [58]. After baseline
polysomnography, the examination was repeated following nasal BiPAP. BiPAP was intro-
duced by using it for 20 min, two or three times a day, before the sleep study. All patients
used high-flow BiPAP (range 14-20 cm H20) to achieve good chest and alveolar expansion.

4. Discussion

The following narrative review investigated the available evidence in the literature on
physiotherapeutic and respiratory interventions in people with SMA. Among the 18 studies
included, 11 investigated the role of physiotherapy in this population, including two RCTs,
while 7 investigated the role of respiratory interventions, including no RCTs.

Over the past three decades, research on physiotherapy and respiratory interventions
in SMA has expanded, with early studies focusing on symptom management and now
shifted towards optimising long-term functional outcomes and integrating new therapeutic
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approaches [61-69]. Drug treatments, such as nusinersen, rusdiplam and gene therapy,
have further shaped rehabilitation approaches.

4.1. Physiotherapy Interventions

Electric stimulation (NMES + FES) did not enhance muscle strength and self-care in
people with SMA II and III [48]. This lack of improvement might stem from challenges
such as the instability of electrode positioning during sleep and the low stimulation level
(10 mAh), which might not be sufficient to recruit partially denervated muscles. However, in
the Gobbo et al. study, electrotherapy (NMES + FES) combined with cycling exercise may be
well tolerated in an adolescent with SMA III and may improve motor performance in SMA
patients [49]. Given its promising role in neuromuscular conditions, electrotherapy could be
considered an adjunct to conventional rehabilitation rather than a standalone intervention.

Whole-body mechanical vibrations were safe and well-tolerated, with no notable
changes in electrolytes and CK levels [60]. However, objective differences in muscular
strength, function, and flexibility were not observed, although participants reported posi-
tive subjective outcomes. Considering the potential benefits observed in individuals with
spinal injury, where whole-body vibrations increase blood flow and activated muscle
mass, it raises the question of whether this therapy could be valuable as a complementary
treatment in SMA [70].

Aerobic training sessions using a cycle ergometer, lasting 30 min over multiple weeks,
seemed to enhance VO2 max and ultimately improve muscular capacity in people with SMA III,
causing no harm [45,52]. Notably, it did not enhance muscle strength or functional mobility, as it
was not the primary focus, nor were motor functions and ADL [52]. However, optimal intensity
and dosage of aerobic training remain uncertain in this population, especially considering their
susceptibility to fatigue [52]. Madsen et al., for example, reported increased fatigue perception
following aerobic training in individuals with SMA III [59]. It is worth noting that intermediate
grades of SMA, such as type II, have received much attention in the literature.

Hydrotherapy was primarily studied as an adjunctive treatment to conventional physio-
therapy or aerobic training, showing benefits in motor and pulmonary functions, ADL, and
quality of life for caregivers and people with SMA [45,47,59]. However, studies with more
follow-ups and wider samples are needed to investigate the long-term effects of hydrotherapy.

Finally, progressive resistance/strength training in people with SMA II and III was
safe and well-tolerated, with high levels of adherence reported by participants (~90%) [51].
Participants in the Lewelt et al. study reported a subjective improvement in pain and
perceived fatigue [51], and in muscular strength and function. Not only that, but the use of
nusinersen therapy, in conjunction with physical therapy, can result in a more favourable
motor outcome [55]. However, the role of strength training is still controversial due to the
low level of evidence, as also reported by Bartels B et al. in their review [71].

4.2. Respiratory Interventions

Respiratory interventions primarily targeted people with SMA I, recognising their
need for timely pulmonary care to extend their life expectancy. People with SMA commonly
exhibit combined inspiratory and expiratory muscle weakness, while the diaphragm is
partially spared. This weakness compromises the cough mechanism, leading to recurrent
infections and subsequent nocturnal hypoventilation, hypercapnia, desaturation, and para-
doxical breathing [46]. In recent years, pulmonary treatments have shifted from a reactive
to a proactive approach, particularly with the introduction of early treatments [50]. Chronic
proactive respiratory management comprehends various strategies, including airway clear-
ance through manual or mechanical physiotherapy techniques, cough assistance, and NIV
(BiPAP) support during sleep. In severe cases, tracheostomy may be necessary [50].
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NIV (BiPAP) was associated with improved sleep quality, reduced hypercapnia, and
facilitated hospital discharge in SMA 1[44,46]. Bach et al. suggested timely and appropriate
use of pulmonary aids (among which especially NIV), rather than immediate tracheostomy,
can ensure survival, although instances like thoracic infections may lead to temporary
periods of intubation and hospitalisation [44]. Polysomnography conducted during BiPAP
in people with SMA I and II has revealed differences in thoracic-abdominal movement
coordination (measured by phase angle, transcutaneous oximetry, and SpO2 desaturation
rate), suggesting that nocturne NIV (BiPAP mode) might normalise various parameters
such as AHI, SpO2, and inspiratory muscle synchronisation [56]. Another study on NIV
supported its potential role in enhancing muscle synchronisation during sleep and im-
proving sleep quality [46]. Proper facial mask positioning has been highlighted as crucial,
as incorrect positioning may negatively affect the hemodynamic status of people with
SMA undergoing long-term treatment (14-72 months) [53]. However, further research with
long-term follow-ups is recommended to fully understand the effects of BiPAP therapy on
hemodynamics, disease progression and motor function.

4.3. Limits and Implications

Several limitations must be addressed. First, the high heterogeneity among included
studies in terms of participants, as the most represented were people with SMA I, poses
challenges in generalising findings to other SMA types. Moreover, variations in intervention
modalities, intensity, and outcomes measured across studies make any direct comparison
difficult. Additionally, this review included only studies published in English, which may
introduce a potential language bias that future reviews could overcome by setting no limi-
tation to a study’s language. Future research with more robust methodologies and broader
participant samples is imperative to elucidate the efficacy of physiotherapy and respiratory
interventions in people with SMA. Specifically, future studies on aerobic training and hy-
drotherapy should focus on defining the optimal duration, frequency, and intensity of these
interventions and assess their long-term effects on motor function and fatigue management.
Regarding respiratory interventions, current research is mainly focused on SMA 1, and limited
studies have been conducted on SMA II and III. Future research should explore the role
of respiratory interventions in preventing respiratory decline and optimising pulmonary
function before severe deterioration occurs. Early rehabilitation interventions should also
be planned in light of recent evidence that highlights how early interventions prevent the
deterioration of motor and respiratory functions, as well as preventing scoliosis onset [72,73].
Finally, individual interventions should be compared to combined approaches to identify the
most beneficial rehabilitation strategies, as well as explore the role of assistive technologies
such as power mobility [74]. Moreover, recent advances in assistive technologies and digital
health solutions could open new pathways for SMA rehabilitation. The development of
wearable sensors and Al-assisted rehabilitation programs could enhance the monitoring of
functional progress and enable personalised interventions [75,76].

From a clinical perspective, aerobic training and hydrotherapy could be added to
rehabilitation programs, but careful monitoring of intensity and duration is essential to
prevent excessive fatigue, particularly in individuals with SMA III. Resistance training
appears safe and well tolerated, especially in SMA II and III, but its effectiveness may
depend on individualised protocols and its integration with pharmacological treatments
such as nusinersen. Given the progressive nature of SMA, early and proactive respiratory
interventions are crucial, particularly in SMA I, to prevent respiratory decline. NIV should
be prioritised whenever possible, with frequent reassessment to ensure optimal parameter
settings. Furthermore, a multidisciplinary approach combining physiotherapy, respiratory
support, and pharmacological treatment could enhance patient outcomes.
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5. Conclusions

This narrative review reports various evidence on physiotherapy and respiratory
interventions for SMA. While various approaches like hydrotherapy and aerobic training
show promise in improving motor function and quality of life, optimal intensity and
dosage remain unclear. Similarly, respiratory interventions, primarily targeting SMA
Type I, emphasise proactive management with NIV and cough assistance, but further
investigation is needed to refine their application across different SMA subtypes. However,
the lack of RCTs and heterogeneity among studies pose limitations, necessitating further
research with standardised methodologies and larger sample sizes.
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