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Abstract: Spinal Muscular Atrophy (SMA) type I has classically presented extremely severe clinical
features. New pharmacological treatments have led to a new phenotype of SMA. The aim of this
study was to describe the current health and functional status of children with SMA. A cross-sectional
study was conducted based on the STROBE guidelines. Patient questionnaires and standardized
tools were used. A descriptive analysis was conducted establishing the proportions of subjects for
each of the characteristics of interest. In total, 51 genetically confirmed SMA type I subjects were
included. Fifty-seven percent received oral feeding, 33% received tube feeding and 10% combined
both. Moreover, 21.6% had tracheostomies, and 9.8% needed more than 16 h/d ventilatory support.
Regarding orthopedic status, 66.7% had scoliosis, and 68.6% had hip subluxation or dislocation. Up to
67% were able to sit independently, 23.5% walked with support and one child walked independently.
Current SMA type L is a different entity from the classic phenotype but also from types II and III.
In addition, no differences were found between SMA type I subgroups. These findings may enable
the professionals involved in the care of these patients to improve their interventions in terms of
prevention and rehabilitation measures for these children.

Keywords: Spinal Muscular Atrophy type I; physiotherapy; scoliosis; motor function; rehabilitation

1. Introduction

The term Spinal Muscular Atrophy (SMA) refers to a series of genetic disorders char-
acterized by degeneration of the cells of the anterior horn of the spinal cord [1-3]. It is
the second most frequent cause of death due to autosomal recessive disease after cystic
fibrosis [1,4], and the first in infancy [5]. In the “classic” clinical description of SMA,
patients with SMA type I (or Werdnig and Hoffmann disease) are described as having
hypotonia, symmetrical muscle weakness, poor head control, and decreased or even absent
reflexes before six months of age [2,4,6]. Weakness of the intercostal muscles, with relative
maintenance of the diaphragm, causes a bell-shaped thorax accompanied by paradoxical
breathing [2,6]. These children have weakness of the tongue and swallowing muscles,
developing a risk of aspiration and respiratory failure before the age of two years [1,6-8].
Most are button fed (before 24 months of age), and many require intervention for gas-
troesophageal reflux. Those who survive the first few years have bilateral subluxation or
dislocation of the hips, and by one year of age, they develop scoliosis [9]. The loss of motor
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capacity is described as between 1.27 points [10] and 10.7 points per year [11] in the specific
assessment scales.

The current classification subdivides patients with SMA type I into type Ia (symptom
onset before one month), type Ib (symptom onset between one month and three months)
and type Ic (symptom onset between three and six months) [12], it has been reported that
early onset of symptoms carries a worse prognosis, with type la patients having a more
severe phenotype [13]. This is the most frequent type of SMA (about 60% of cases) [3,4],
although there is very little literature on the subject due to their premature death. When the
classification was developed in the 1990s, the survival probability of these children at 2, 4,
10, and 20 years was 32%, 18%, 8%, and 0%, respectively [8], even lower in other cohorts [7],
placing the mean age of death at 9.6 months of age. However, since the description of the
pathology and the development of these studies in the 1990s and until the appearance of
the first medication to treat SMA in 2017, there was an evolution in terms of nutritional
and respiratory care that led to an increase in the mean age of survival [10,14], to the extent
of completely changing the survival rates: 50%, 40%, 30%, 30%, 30% and 30% at 1, 2, 4, 10
and 20 years, respectively [15].

There are currently three therapeutic options available for SMA patients that have
been developed based on the understanding of the molecular basis of SMA (Nusin-
ersen, Onasemnogene abeparvovec and Risdiplam) and which focus on SMNI1 gene
modification or replacement or RNA modulation [16]. Advances in clinical trials have
led to clinical improvements that are completely changing the therapeutic approach to
these patients [9,12,16,17]. Nonetheless, it should be noted that despite this change or evo-
lution in the phenotype of the disease, some treated patients may be non-responders, slow
responders or begin to respond after many months of treatment [18].

The health alterations that accompany this pathology have been described when no
treatment is applied to change the natural history of the disease; mainly at the respiratory
and nutritional levels [7,10,13,19], but also at the cardiac or endocrine level [9], although
less information is available on its orthopedic development [20]. In addition, there are
references regarding the evolution of patients who present milder versions of the disease
(SMA type II and III), including orthopedic information [9,21-23]. However, it is possible
that a patient with SMA type I who has received treatment, by attaining the functional
capacity of a patient with SMA type II or I1I, may have similar respiratory or orthopedic
alterations. The new functional capacities of these patients are being recorded in the clinical
trials of pharmacological treatments, however, the status of the secondary alterations that
accompany the pathology, both respiratory, nutritional, and orthopedic alterations and
needs, have not been described. The survival of these patients opens a new path for which
reliable data are needed and it is, therefore, essential to monitor and record the status of
children with SMA, both those who have undergone the new pharmacological therapies
and those who have not, so that their treatment and care can be improved [24] and to
optimize their quality of life and participation in society.

Consequently, a new spectrum of the disease is expected in the coming years, and
therefore it is necessary to better understand the evolution of the associated alterations, such
as scoliosis or hip dislocation, dysphagia or reflux in treated patients who are developing
functional capacities superior to those classically achieved by patients with SMA type I
This will allow us to discern whether the prevalence of these associated alterations is due
not only to motor capacity but also to the phenotype of the disease itself and to predict how
these will affect children’s functionality and participation in society. The aim of this study
was to describe the functional and health status of children with SMA type I registered in
Spain. Specifically, by comparing the functional and health status of children with SMA
type I according to the age of symptom onset and therefore their classification subgroup.
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2. Materials and Methods

2.1. Study Design

A descriptive and cross-sectional observational study was carried out, including SMA
patients distributed in 21 provinces in Spain, and centrally coordinated by the Rey Juan
Carlos University of Madrid (Figure 1).
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Figure 1. Geographical distribution of the sample.

The STROBE guidelines for reporting cross-sectional studies were followed [25] (see
checklist in Supplementary Materials Table S1).

2.2. Participants and Recruitment

A convenience sampling was performed, reaching 85% of the entire population of SMA
type I in Spain. The Fundacion de familias y afectados de AME de Espafa (FundAME), was
contacted, which has a national registry program of SMA patients (RegistrAME), which
includes almost all the cases in Spain (https://wacean.com/registroame/ consulted on
November 2021). All registered families (n = 60) were contacted and offered to participate in
this study in December 2021. Interested families (n = 52) contacted the principal investigator
(B.d.A.), who conducted face-to-face visits to all participants between March 2022 and
February 2023. Given the special frailty of these patients, it was determined that the best
way to assess them was for the researcher to visit them in their natural environment. Initially,
52 subjects were included, although one subject could not be visited for family reasons.
Even so, the high coverage rate (85% of the population) ensured a high representativeness
of the sample studied and correct control of possible biases.

The only conditions for an appointment were to be living patients with a confirmed
genetic diagnosis of SMA type I, as well as having informed parental consent.

2.3. Data Collection

Data collection was carried out through two components: the administration of a
structured self-created questionnaire based on literature reviews, which was completed
by the primary caregivers. Also, by administering standardized scales chosen accord-
ing to their capacities and age, to assess motor ability, upper limb function and motor
milestones reached.


https://wacean.com/registroame/

Children 2023, 10, 892

40f13

2.3.1. Sociodemographic and Physical Conditions

Information on the sociodemographic status and physical condition was obtained
using a 29-item questionnaire, which explored categories such as the age of disease onset,
diagnosis, treatment, whether they had received surgery or experienced fractures, type of
feeding, ventilatory support, orthopedic alterations, technical aids and therapies received.

2.3.2. Functional Assessments

The Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders
(Chop-Intend): [26,27] This scale was developed in 2010 to assess patients with significant
weakness, and great difficulty performing anti-gravity movements. This scale has been
shown to have adequate reliability values, to be easy to administer and is well tolerated by
children with neuromuscular conditions presenting with extreme weakness; moreover, it is
the scale used in both clinical follow-ups and clinical trials to assess evolution. Its inter-
observer reliability is very high (interclass correlation ratio of 0.98) with an intraobserver
reliability of 0.96; it also has excellent internal consistency (>0.9) [26].

The Hammersmith Infant Neurological Examination, Section 2 (HINE-2): [28,29] In
order to assess the motor development of the smallest and/or weakest patients, different
studies have been carried out with Section 2 of the HINE, where eight motor milestones
of the motor development of children between 2 and 24 months of age are assessed, and
this section of the scale has been adopted as a standard assessment both in the clinic and in
trials with these patients [17,30].

The Hammersmith Functional Motor Scale Expanded (HEMSE): [31] This scale mea-
sures the motor ability of children who are capable of greater motor performance than chil-
dren classically classified as having SMA type L. It assesses their sitting, turning, crawling,
standing, kneeling, jumping, and stair-climbing abilities. It has high reliability (interclass
correlation ratio for interobserver reliability of 0.99) and its validity was established by
correlation with the Gross Motor Function Measure, observing an almost perfect correlation
(r = 0.98) [32]. This version of the scale is currently the most widely used and the one
used in clinical trials and is valid from the age of 24 months for both ambulatory and
non-ambulatory patients [33].

The Revised Upper Limb Module (RULM): [34] This scale assesses upper limb function.
It is currently used in clinical practice and in clinical trials, with good levels of reliability (ex-
cellent interobserver reliability of 0.93) and validity and is used in children from 30 months
of age to adulthood, even in the weakest children who cannot be assessed for gross motor
function [34]. The administration time of this scale is between 5 and 20 min [34].

2.4. Analysis of Results

Although the sample studied was 85% of the population diagnosed with SMA in Spain,
given the overall size of the sample and the subsequent segmentations into the different
subgroups, a nonparametric statistical analysis was performed. A descriptive analysis was
carried out by establishing proportions in the case of qualitative variables, and medians
(interquartile range) in the case of quantitative variables. To evaluate the association
between the different qualitative variables and the subgroups of children according to
the time of symptom onset (SMA type Ia, Ib and Ic), Chi-square tests were used. A
comparison of different quantitative variables between these three classification subgroups
was performed using a Kruskall-Wallis test. Values of p < 0.05 were considered significant.

2.5. Ethical Considerations

The study was approved by the Ethics Committee of Rey Juan Carlos University
(3005202114821, 21 July 2021). Written informed consent was obtained from the parents
of all study participants. The study was performed in accordance with the approved
guidelines and regulations of the participating institution.
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3. Results
3.1. Patient Characteristics and Demographics

Fifty-one patients (20 girls, 31 boys) were visited in person at their homes, with a
mean + SD age of 3.7 & 2.5 years (Table 1). The youngest patient was three months old
and the oldest was 15 years and two months. The onset of symptoms was observed before
the first month in 16 of the subjects (classified as type Ia), before three months (Ib) in
22 and between 3 and 6 months (Ic) in 13 of them. Regarding the number of copies of
SMN2, most had two copies, with no significant difference between groups in terms of
gene copies. In addition, almost all patients were treated with Nusinersen, and several
received a combination of Nusinersen and gene therapy, as shown in Table 1. The treatment
received depended mainly on the time of birth, since the evolution of treatments in Spain
has been linked to clinical trials and approval of the different drugs by the EMA: In 2015
some children entered clinical trials with Nusinersen; in 2017 and 2018 a compassionate
use of said medication was approved for all patients with SMA Type I in Spain without
exclusion criteria until its commercialization in 2018 (and its restrictions to access it); in
2019 clinical trials began with Risdiplam, with this medication being approved in 2023
and in 2021 the commercialization of Onasemnogene abeparvovec was approved for those
children over two months of age. In addition, 39 subjects received treatment before the
age of six months, eight between six and 12 months, two between 12 and 24 months, one
patient received treatment at 46 months and another at 108 months.

Table 1. Demographic characteristics of participants *.

Ia Ib Ic Total
Number (%) 16 (31.4) 22 (43.1) 13 (25.5) 51 (100)
Sex, n (%) of children
Male 10 (62.5) 12 (54.5) 9 (69.2) 31 (60.8)
Age of symplom E’Irﬁs)ef months, 45 (0.71) 2 (15) 4(1) 2 (2.64)
Age;gi‘iﬁ;‘xzdgi;’fl t(rf;)“f‘em' 2 (3.35) 4(2.48) 7 (8.25) 45 (4)
Age at time of assessment,
years, median (IR) 3.6 (2.69) 3.2(3.17) 3.8 (2.99) 3.6 (2.6)
SMN?2 Copies, 1 (%)
1 0 1 (4.5) 0 1Q2)
2 15 (93.8) 21 (95.5) 9 (69.2) 45 (88.2)
3 0 0 2 (15.4) 2(3.9)
Unknown 1(6.3) 0 2 (154) 3(5.9)
Treatment, n (%)
Nusinersen 9 (56.3) 20 (90.9) 10 (76.9) 39 (76.5)
Risdiplam 1(6.3) 0 1(7.7) 2(3.9)
Onasemnogene abeparvovec 1(6.3) 0 1(7.7) 2(3.9)
Onasemnogene abeparvovec + 5(31.3) 29.1) 177) $ (15.7)

Nusinersen

SMN2: Survival Motor Neuron 2. IR: Interquartile Range. * No significant differences between symptom onset
subgroups, p > 0.05. T Significant differences between symptom onset subgroups, p < 0.001.

3.2. Clinical and Functional Outcomes

A total of 21.6% (n = 11) had tracheostomy (Table 2), however, of these only five needed
constant external ventilatory support (>16 h/d), having initiated such support at a mean
age of seven months. A cough assist was used in 42 subjects (82.4%), BiPAP in 37 (72.5%)
and 31 used an aspirator (60.8%). As seen in Table 2, more subjects were fed by mouth than
by tube/bottle, and of the five subjects who combined feeding by mouth and tube/bottle,
one ate very little by mouth, one ate little and two ate quite a lot by mouth. In addition,
four had gastroesophageal reflux (7.8%), 14 had had it in the past (27.5%), 32 had none
(62.7%) and one did not answer the question (2%). The main orthopedic disorders observed
in the cohort of patients were scoliosis and hip subluxation and dislocation, in which case
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the families were asked if they knew the degrees. Of the 34 patients with scoliosis, 29
were aware of it or had a medical report detailing it, and of the 35 patients who had hip
subluxation or dislocation, 24 were able to give the percentage of migration of both hips
(Table 2). Moreover, 25 subjects had undergone some surgical intervention (49%), and
three of them had suffered fractures, one of them recovered with simple rest and two with
external immobilization.

Table 2. Clinical characteristics of participants *.

Ia Ib Ic Total
Tracheostomy, 1 (%) 5(31.3) 4 (18.2) 2(154) 11 (21.6)
Ventilation > 16 h/dia, n (%) 4 (25%) 0 1(7.69) 5(9.8)
Feeding, 1 (%)
Mouth 8 (50) 13 (59.1) 8 (61.5) 29 (56.9)
Feeding tube/Button 6 (37.5) 8 (36.4) 3(23.1) 17 (33.3)
Mixt 2 (12.5) 1 (4.5) 2 (15.4) 5(9.8)
Orthopedic disorders
Scoliosis 1 (%) 14 (87.5) 12 (54.5) 8 (61.5) 34 (66.7)
Degrees of Scoliosis,
median (IR) 40 (38) 30 (12) 33.5 (69) 30 (23)
(n) (n=12) (n=11) (n=26) (n=29)
Hip subluxat‘(?;)/ dislocationn 1) 588 14 (63.6) 10 (76.9) 35 (68.6)
Migration left hip, median (IR) 72 (70) 52.5 (80) 34 (75) 50 (72)
(n) (n=10) n=28) (n=6) (n=24)
Migration right hip,
median (IR) 68 (71) 52.5 (79) 54.5 (63) 52.5(72)
(n) (n=10) (n=28) (n=6) (n=24)

IR: Interquartile Range. * No significant differences between symptom onset subgroups, p > 0.05.

The functional capacities of the patients are presented in Table 3. A subdivision of the
sample was proposed in these three groups to test the difference between patients Ia, Ib
and Ic, finding that there is no significance regarding belonging to one group or another
and the clinical and functional variables of the patients, such as motor milestones acquired,
type of feeding or use of mechanical ventilation (p > 0.05).

Table 3. Functional characteristics of patients *.

Ia Ib Ic Total
Head control, n (%) 10 (62.5) 18 (81.8) 11 (84.6) 39 (76.5)
Independent sitting, 1 (%) 10 (62.5) 14 (63.6) 10 (76.9) 34 (66.7)
Standing with support, 1 (%) 5(31.3) 11 (50) 2 (15.4) 18 (35.3)
Standing without support, n (%) 1(6.3) 3(13.6) 0 4(7.8)
Walking with support, n (%) 3(18.8) 8 (36.4) 1(7.7) 12 (23.5)
Walking unsupported, 1 (%) 1(6.3) 0 0 1(2)

* No significant differences between symptom onset subgroups, p > 0.05.

3.3. Standardized Assessments

The medians and interquartile ranges of the scales are shown in Table 4. The Chop-
Intend scale and Section 2 of the HINE were administered to all subjects, whereas the
HMFSE scale was administered to those older than 24 months (n = 39) and the RULM to
those older than 30 months (n = 34). However, of these, seven subjects were uncooperative
due to behavior and could not be scored, therefore the RULM scale score was obtained in
27 subjects.
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Table 4. Scoring of scales by subclassification group *.

Ia Ib Ic Total

CHOP-INTEND, median (IR) 47 (16) 51 (17) 48 (12) 48 (16)
HINE-2, median (IR) 16 (14) 17.5 (11) 15 (9) 16 (13)
Hammersmith, median (IR) 19 (22) 22 (20) 11.5 (18) 19 (17)
(n) (n=13) (n=16) (n=10) (n=39)

RULM, median (IR) 19 (19) 16 (8) 15.5 (19) 16 (8)
(n) (n=28) (n=13) (n=26) (n=27)

CHOP INTEND: The Children’s Hospital of Philadelphia Infant Test for Neuromuscular Disorders; HINE-2:
Hammersmith Infant Neurological Examination-2; HFMSE: Hammersmith Functional Motor Scale Expanded;
RULM: Revised Upper Limb Module. IR: Inter Quartile Range. * No significant differences between symptom
onset subgroups, p > 0.05.

3.4. Therapies and Technical Aids

In addition to the information shown in Table 5, 17 subjects performed aquatic therapy,
16 received respiratory physiotherapy, one subject received horse therapy, five received
osteopathy sessions and one received music therapy.

Table 5. Therapies received.

. Speech Occupational
Physiotherapy Tlferapy Thl:rapy Psychology
1 (%) 51 (100) 45 (88.2) 13 (25.5) 8 (15.7)
Frequency (h/s),
median (IR) 25 (1.5) 1.5 (1.23) 0.75 (0.5) 0.75 (0.19)

h/s: Hours per week. IR: Interquartile Range.

In terms of the physiotherapy approach, three families reported receiving therapy
based on passive stretching, 21 families received functional and muscle strength training,
one family received a family-centered model, seven described their therapy within the
framework of the Bobath Concept, one family received Vojta Therapy, and 18 did not fit
into any of these categories or reported not knowing exactly what therapy their child was
receiving. In addition, the speech therapy approach was classified as myofunctional therapy
by 16 families, communication skills according to one family, 12 families reported receiving
both communication skills and myofunctional therapy, one received family-centered model,
and 15 families did not know how to describe it or did not know what their children did
during speech therapy.

The use of orthoses and technical aids showed that 35 children (68.6%) had a standing
frame, 40 (78.4%) used DAFQOS, 21 used a corset (41.2%), 27 used a dynamic lycra suit
(52.9%), 41 used a seat (80.4%), 22 used a walker (43.1%), and 32 had mobility devices
(e.g., powered and manual wheelchairs) (62.7%). The standing frames were positioned at a
median degree opening of 30° (10) and the age at which mobility devices were introduced
was 24 months (18.8).

4. Discussion

This study offers data on SMA type I, suggesting that the associated orthopedic,
respiratory, and feeding alterations present a new paradigm, which differs from the classical
description of the pathology, as well as from its milder versions. Our results show an
absence of significant differences between the subgroups divided by age of symptom onset
(type Ia, Ib and Ic), which is in contrast to previous reports [13]. This suggests that the
factor of age at symptom onset does not influence the functional status of children and
that concerning this aspect, SMA type I behaves as a single entity for all the descriptor
variables studied in this sample. However, this finding should be taken with caution
because although the data were collected on 85% of the population of children with SMA
type Lin Spain, the sample sizes of each of the subgroups studied are relatively small and
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this could increase the risk of committing a type II error when comparing between the three
groups. Finally, we have found that patients with SMA type I are using technical aids in
line with their current functional capacity such as standing frames or walkers.

Observing our sample, the mean age of the participants was 3.7 + 2.5 years, with
only 9.8% (n = 5) requiring constant ventilation since an average age of seven months, in
contrast to previous data showing higher percentages of need for constant mechanical
ventilation [11,35,36]. Regarding feeding, in our sample, 56.9% were able to feed themselves
orally, 33.3% ate exclusively by tube/button and 9.8% combined both methods, values
lower than those described above in cohorts in which all children with SMA type I older
than 12 months required tube/button feeding [9]. In contrast, in a cohort of 122 patients
with SMA type II, only 2% required gastrostomy feeding [37].

Due to the severity of the disease and early death, patients with SMA type I did not
attend trauma consultations prior to pharmacological treatment [38-41]. Our study presents
a cohort of patients with type I, including the three subgroups but without significant
differences between them, observing that 66.7% had scoliosis, in contrast to the data of
patients with SMA type Il and the more aggressive form of type III, in which 100% of
scoliosis was observed at around four years of age [23,40], and at nine years of age in
patients with type III [41], showing that the corset was unable to contain the progression
of the deformity [23,41]. In the study by Al Amrani et al. [42], seven patients with SMA
type I treated with Nusinersen were evaluated, all of whom developed scoliosis in the first
year of life. The specific values of scoliosis in our sample ranged from 5° to 100°, in line
with what was found in other types of SMA [41,43], between 10° and 113-165° in children
with type II and between 10-30° and 92-153° in children with SMA III. The prevalence,
severity and progression of scoliosis are much higher in patients with SMA type II than
in those with SMA type III [23], therefore, it is likely to be even more so in children with
SMA type I, where the probability of requiring scoliosis surgery is 80% [44]. Nonetheless,
our cohort revealed different findings, however, it should be considered that at the time of
assessment, the children who did not have scoliosis were between 0.33 and 5.33 years old
(mean 2.3 years), which may explain the low prevalence.

Regarding hip subluxation or dislocation, there is limited data on patients with SMA
type I for the same reason explained above in the case of scoliosis [43,45], although if
survival is maintained, one or both hips could dislocate, although they would likely
remain asymptomatic [45]. In our sample, 31.4% had hips within normal parameters, 49%
presented subluxation and 19.6% had complete dislocation. In the population with SMA
type II, approximately 31% have healthy hips, 33-38% have uni- or bilateral subluxation
and 11-50% have dislocated hips. In patients with SMA type III, this percentage is 50%
with normal hips, 28-29% with uni- or bilateral subluxation and 12-22% with complete
dislocation of the hips [43,46]. Again, it is important to note that the mean age of the
patients with hips displaying normal parameters was 1.62 years (0.33-3.39), therefore, it is
likely that a percentage of them will progress to subluxation or complete dislocation over
time. It should be noted that only three of the patients suffered or had suffered from hip
pain (6%).

One of the main reasons for the high rates of hip luxation is due to the absence of
active movement and weight bearing, along with weakness and laxity of ligaments [43].
The prevention of this problem is presumably determined by standing and walking with
or without orthosis [46], which can be seen in our cohort, since 43% used walkers and
68.6% used a standing frame. Along these lines, Townsend et al. conducted a study [47]
in which only 13% of type I patients used a standing frame, compared to 68% of type Il
SMA patients. Our data show that of the children with SMA type I able to walk with a
walker or furniture support (n = 11), only three had normal hips. The only child able to
ambulate without support (albeit with a foot-ankle orthosis) had bilateral hip subluxation.
Of these 12 subjects with the motor ability to walk with or without support, only two were
not using a static standing frame as part of the treatment to minimize hip migration. The
fact that, despite presenting gait with and without support, hip subluxation or dislocation
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is found, raises the possibility that this orthopedic alteration may respond not only to
motor weakness and laxity, but also to the disease phenotype itself. This approach is vitally
important to minimize the stress placed on families and caregivers by the progression of
hip subluxation despite their efforts to maintain proper positioning that is balanced with
dynamic standing and frequent walking.

Probably the most important change in SMA type I patients is the acquisition of motor
milestones. Classically, they had difficulty maintaining head control and rarely developed
the ability to sit upright [36]. However, in our study, 76.5% acquired head control and 66.7%
maintained independent sitting, whereas 30% of patients in the study by Pane et al. [48]
were able to sit, and an older sample had begun treatment in a more chronic phase of the
disease, finding that in a sample of patients treated before six weeks of age, all patients
were able to sit unsupported [49]. Regarding higher motor milestones, in our study, 35.3%
were able to stand with support, 7.8% without support; 23.5% were able to walk with one
support and 2% (one subject) were able to walk without support, whereas in the study by
De Vivo et al. [49], with a very young sample treated pre-symptomatically, 92% walked with
support and 88% walked unaided. Regardless of walking ability, it is essential to consider
the need for early mobility devices to improve development and cognitive abilities [50,51].
In our sample, 62.7% had manual or powered wheelchairs and the mean age of onset of use
was 24 months. In a previous study [38], 75% of the patients had a system for independent
mobility, and the mean age that these devices were implemented was 6.4 years. Given
that several years have elapsed between the collection of data, it is reasonable to think that
the community that cares for people with SMA is aware of the importance and need for
implementing independent mobility as soon as possible and is taking these measures.

The evolution of the patients in our sample has led to the use of scales that were
classically intended for patients with SMA types II and III, such as the HMFSE, designed
for patients with greater motor capacity, or the RULM, which, since it was intended for
use after 30 months of age, was focused on patients with SMA types II and III, since type I
patients did not survive until that age in most cases. Regarding the median scores obtained
in the CHOP-INTEND, the scale with the most data in patients with SMA type I, it is
observed that there is no significant difference between the groups by age of symptom
onset (Ia, Ib and Ic). The values for the whole sample were 48 points (RI 16 points). These
values are much higher than those previously recorded, with a maximum of 33 points,
according to the group studied [11], or always being below 22 in the most severe forms of
the disease, between 20 and 40 points in the phenotype classified as “typical” and between
39 and 41 in the mildest form of type I [13]. In the sample by Finkel et al. [10], values
of between 11 and 32.5 points were obtained, and in that of Pane et al. [48], treated with
Nusinersen, a maximum mean of 26.75 was obtained at follow-up.

Thanks to the HINE-2 subscale, which assesses the achievement of motor milestones,
it is known that children with SMA type I rarely achieved these milestones [30,36]. Never-
theless, our sample obtained a good score, with a median of 16 (13), bearing in mind that
the scale scores from 0 to 26. This is in stark contrast with the cohort of Pechman et al. [24]
who obtained results of 2.5 & 3.3 on average, although this was only after six months of
pharmacological treatment and with a group of patients of different ages 24 months after
starting treatment [48] in which a mean score of 3.5 &+ 4.96 was obtained. Conversely, in a
group of children treated pre-symptomatically, a mean score of 3.5 & 4.96 was obtained [49],
and the HINE-2 score was 23.9 (16-26) in the assessment performed at 26.5 months of age,
a trend that appears consistent with our sample, in which treatment was initiated relatively
early in many cases.

Regarding the HMFSE and RULM scales, it is important to highlight that the scores
obtained in our study, 19 points (RI 17 points) and 16 points (RI 8 points), respectively, show
the need to include them in the routine care of patients with the new SMA type I phenotype,
as previously stated [24]. However, it is important to note that the HMFSE was only
administered to 39 children (those older than 24 months) and the RULM was administered
to 27 children, using age as the criterion in the study of the scale [34] (30 months or more),
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and not 24 months as has been proposed by other authors [24], as it was observed that it
was a scale in which a longer attention and collaboration time was necessary, with seven
subjects who, despite being older than 30 months, did not collaborate.

The strength of this study is that it is the first to be carried out in Spain, with almost
the entire population registered with type I SMA. However, it is important to consider
the limitations of this study. Firstly, by attempting to obtain current information on the
maximum number of patients with SMA type I, we present a sample composed of patients
of different ages, who initiated treatment at different times. It is important to note that most
patients began treatment before one year of age, one patient began treatment after the age
of two years although before the age of five years, and only one patient began treatment
after the age of five years. Furthermore, as this is a cross-sectional study, it is not possible
to establish a temporal relationship between exposure to the medication and the outcome,
understood as the improvement in the variables studied at the level of general health and
functionality, which makes it difficult to determine cause and effect. When subdividing
into the three groups by age of symptom onset (Ia, Ib and Ic), the sample of each group
is small, and stratification by other criteria such as SMN2 copy number is not possible
because more than 88% of the sample had two copies of the gene. Given the low mean age
of the sample, there are likely many patients who have not yet developed comorbidities or,
conversely, who have not developed higher motor skills due to their young age.

5. Conclusions

The current panorama of SMA type I presents a new phenotype which is essential to
obtain real-life outcome data to enhance our understanding of this disorder. According
to the results of the study, it is currently a different entity to classic SMA type I and also
to SMA type Il and III, with which, although it may now share functional capacities, it
presents differences in terms of respiratory, feeding or orthopedic alterations. It is especially
important to consider that children with SMA type I are currently able to sit and many can
even stand and walk, bearing in mind the high frequency of scoliosis and subluxation and
dislocation of the hips, as well as other health problems. In addition, the age of symptom
onset did not lead to differences in the clinical and functional status of patients with SMA
type I, and they behaved as a single group.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/ children10050892/s1, Table S1: STROBE checklist.

Author Contributions: Conceptualization, B.d.-A.-B., ].G.-R. and ALR-E; methodology, ].G.-R. and
A.LR.-F; software, B.d.-A.-B. and A.L.R.-E; validation, J.G.-R,, ALR.-F and D.P-C.; formal analysis,
B.d.-A.-B. and A.L.R.-F; investigation, B.d.-A.-B., ].G.-R. and A.L.R.-F; resources, B.d.-A.-B.; data
curation, J.G.-R., ALR-F and D.P-C; writing—original draft preparation, B.d.-A.-B., ].G.-R. and
ALR-F; writing—review and editing, B.d.-A.-B., ].G.-R,, A.LR.-F. and D.P-C.; visualization, J.G.-R.,
ALR-F.and D.P-C; supervision, ].G.-R. and ALR-F; project administration, B.d.-A.-B. and ].G.-R.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee of Rey Juan Carlos University
(3005202114821, del 21 de julio de 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
not publicly available due to ethics restrictions but are available from the corresponding author on
reasonable request.


https://www.mdpi.com/article/10.3390/children10050892/s1
https://www.mdpi.com/article/10.3390/children10050892/s1

Children 2023, 10, 892 110f13

Acknowledgments: The authors would like to convey their sincere thanks to all the families and
children who participated in the study, as well as to Fund AME for their support throughout the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

@

N o G

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Lefebvre, S.; Biirglen, L.; Reboullet, S.; Clermont, O.; Burlet, P; Viollet, L.; Benichou, B.; Cruaud, C.; Millasseau, P.; Zeviani, M.;
et al. Identification and Characterization of a Spinal Muscular Atrophy-Determining Gene. Cell 1995, 80, 155-165. [CrossRef]
[PubMed]

Kolb, S.J.; Kissel, ].T. Spinal Muscular Atrophy. Neurol. Clin. 2015, 33, 831-846. [CrossRef] [PubMed]

Arnold, W.D.; Kassar, D.; Kissel, J.T. Spinal Muscular Atrophy: Diagnosis and Management in a New Therapeutic Era. Muscle
Nerve 2015, 51, 157-167. [CrossRef] [PubMed]

D’Amico, A.; Mercuri, E.; Tiziano, ED.; Bertini, E. Spinal Muscular Atrophy. Orphanet. J. Rare Dis. 2011, 6, 71. [CrossRef]
Arnold, E.S.; Fischbeck, K.H. Spinal muscular atrophy. Handb. Clin. Neurol. 2018, 148, 591-601. [CrossRef] [PubMed]

Darras, B.T. Spinal Muscular Atrophies. Pediatr. Clin. N. Am. 2015, 62, 743-766. [CrossRef] [PubMed]

Thomas, N.H.; Dubowitz, V. The Natural History of Type I (Severe) Spinal Muscular Atrophy. Neuromuscul. Disord. 1994, 4,
497-502. [CrossRef]

Zerres, K.; Rudnik-Schoneborn, S. Natural History in Proximal Spinal Muscular Atrophy. Clinical Analysis of 445 Patients and
Suggestions for a Modification of Existing Classifications. Arch. Neurol. 1995, 52, 518-523. [CrossRef]

Bach, ].R. Medical Considerations of Long-Term Survival of Werdnig-Hoffmann Disease. Am. |. Phys. Med. Rehabil. 2007, 86,
349-355. [CrossRef]

Finkel, R.S.; McDermott, M.P.; Kaufmann, P; Darras, B.T.; Chung, W.K,; Sproule, D.M.; Kang, P.B.; Reghan Foley, A.; Yang, M.L.;
Martens, W.B.; et al. Observational Study of Spinal Muscular Atrophy Type I and Implications for Clinical Trials. Neurology 2014,
83, 810-817. [CrossRef]

Kolb, S.J.; Coffey, C.S.; Yankey, ].W.; Krosschell, K.; Arnold, W.D.; Rutkove, S.B.; Swoboda, K.J.; Reyna, S.P.; Sakonju, A.; Darras,
B.T; et al. Natural History of Infantile-Onset Spinal Muscular Atrophy. Ann. Neurol. 2017, 82, 883-891. [CrossRef] [PubMed]
Chen, T.H. New and Developing Therapies in Spinal Muscular Atrophy: From Genotype to Phenotype to Treatment and Where
Do We Stand? Int. |. Mol. Sci. 2020, 21, 3297. [CrossRef] [PubMed]

De Sanctis, R.; Pane, M.; Coratti, G.; Palermo, C.; Leone, D.; Pera, M.C.; Abiusi, E.; Fiori, S.; Forcina, N.; Fanelli, L.; et al. Clinical
Phenotypes and Trajectories of Disease Progression in Type 1 Spinal Muscular Atrophy. Neuromuscul. Disord. 2018, 28, 24-28.
[CrossRef]

Oskoui, M,; Levy, G.; Garland, C.J.; Gray, ].M.; O'Hagen, J.; De Vivo, D.C.; Kaufmann, P. The Changing Natural History of Spinal
Muscular Atrophy Type 1. Neurology 2007, 69, 1931-1936. [CrossRef] [PubMed]

Chung, B.H.Y.; Wong, V.C.N,; Ip, P. Spinal Muscular Atrophy: Survival Pattern and Functional Status. Pediatrics 2004, 114,
e548-e553. [CrossRef] [PubMed]

Tizzano, E.F. La Atrofia Muscular Espinal En El Nuevo Escenario Terapéutico. Rev. Médica Clinica Las Condes 2018, 29, 512-520.
[CrossRef]

Mercuri, E.; Finkel, R.S.; Muntoni, F.; Wirth, B.; Montes, J.; Main, M.; Mazzone, E.; Vitale, M.; Snyder, B.; Quijano-Roy, S.; et al.
Diagnosis and Management of Spinal Muscular Atrophy: Part 1: Recommendations for Diagnosis, Rehabilitation, Orthopedic
and Nutritional Care. Neuromuscul. Disord. 2018, 28, 103-115. [CrossRef]

Tizzano, E.F.; Finkel, R.S. Spinal Muscular Atrophy: A Changing Phenotype beyond the Clinical Trials. Neuromuscul. Disord. 2017,
27,883-889. [CrossRef]

Valencia, B.; Bach, ].R. Eighteen Years with Spinal Muscular Atrophy (SMA) Type 1. Tanaffos 2013, 12, 70-73. [PubMed]

Haaker, G.; Fujak, A. Proximal Spinal Muscular Atrophy: Current Orthopedic Perspective. Appl. Clin. Genet 2013, 6, 113-120.
[CrossRef]

Mercuri, E.; Lucibello, S.; Pera, M.C.; Carnicella, S.; Coratti, G.; De Sanctis, R.; Messina, S.; Mazzone, E.; Forcina, N.; Fanelli, L.;
et al. Long-Term Progression in Type II Spinal Muscular Atrophy: A Retrospective Observational Study. Neurology 2019, 93,
E1241-E1247. [CrossRef] [PubMed]

Evans, G.; Drennan, J.; Russman, B. Functional Classification and Orthopaedic Management in Spinal Muscular Atrophy. J. Bone
Jt. Surg. Br. 1981, 63, 516-522. [CrossRef] [PubMed]

Fujak, A.; Raab, W.,; Schuh, A.; Richter, S.; Forst, R.; Forst, J. Natural Course of Scoliosis in Proximal Spinal Muscular Atrophy
Type II and Illa: Descriptive Clinical Study with Retrospective Data Collection of 126 Patients. BMC Musculoskelet. Disord. 2013,
14, 283. [CrossRef] [PubMed]

Pechmann, A.; Konig, K.; Bernert, G.; Schachtrup, K.; Schara, U.; Schorling, D.; Schwersenz, L; Stein, S.; Tassoni, A.; Vogt, S.; et al.
SMArtCARE—A Platform to Collect Real-Life Outcome Data of Patients with Spinal Muscular Atrophy. Orphanet. | Rare Dis.
2019, 14, 18. [CrossRef] [PubMed]

Vandenbroucke, ].P; Von Elm, E.; Altman, D.G.; Getzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.; Schlesselman, J.J.; Egger, M.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and Elaboration. PLoS Med. 2007,
4,1628-1654. [CrossRef]


https://doi.org/10.1016/0092-8674(95)90460-3
https://www.ncbi.nlm.nih.gov/pubmed/7813012
https://doi.org/10.1016/j.ncl.2015.07.004
https://www.ncbi.nlm.nih.gov/pubmed/26515624
https://doi.org/10.1002/mus.24497
https://www.ncbi.nlm.nih.gov/pubmed/25346245
https://doi.org/10.1186/1750-1172-6-71
https://doi.org/10.1016/B978-0-444-64076-5.00038-7
https://www.ncbi.nlm.nih.gov/pubmed/29478602
https://doi.org/10.1016/j.pcl.2015.03.010
https://www.ncbi.nlm.nih.gov/pubmed/26022173
https://doi.org/10.1016/0960-8966(94)90090-6
https://doi.org/10.1001/archneur.1995.00540290108025
https://doi.org/10.1097/PHM.0b013e31804b1d66
https://doi.org/10.1212/WNL.0000000000000741
https://doi.org/10.1002/ana.25101
https://www.ncbi.nlm.nih.gov/pubmed/29149772
https://doi.org/10.3390/ijms21093297
https://www.ncbi.nlm.nih.gov/pubmed/32392694
https://doi.org/10.1016/j.nmd.2017.09.015
https://doi.org/10.1212/01.wnl.0000290830.40544.b9
https://www.ncbi.nlm.nih.gov/pubmed/17998484
https://doi.org/10.1542/peds.2004-0668
https://www.ncbi.nlm.nih.gov/pubmed/15492357
https://doi.org/10.1016/j.rmclc.2018.08.001
https://doi.org/10.1016/j.nmd.2017.11.005
https://doi.org/10.1016/j.nmd.2017.05.011
https://www.ncbi.nlm.nih.gov/pubmed/25191452
https://doi.org/10.2147/TACG.S53615
https://doi.org/10.1212/WNL.0000000000008166
https://www.ncbi.nlm.nih.gov/pubmed/31451515
https://doi.org/10.1302/0301-620X.63B4.7298675
https://www.ncbi.nlm.nih.gov/pubmed/7298675
https://doi.org/10.1186/1471-2474-14-283
https://www.ncbi.nlm.nih.gov/pubmed/24093531
https://doi.org/10.1186/s13023-019-0998-4
https://www.ncbi.nlm.nih.gov/pubmed/30665421
https://doi.org/10.1371/journal.pmed.0040297

Children 2023, 10, 892 12 0f13

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Glanzman, A.M.; Mazzone, E.; Main, M.; Pelliccioni, M.; Wood, J.; Swoboda, K.J.; Scott, C.; Pane, M.; Messina, S.; Bertini, E.;
et al. The Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP INTEND): Test Development and
Reliability The CHOP INTEND Is a Reliable Measure of Motor Skills in Patients with SMA-I and Neuromuscular Disorders
Presenting in Infancy. Neuromuscul. Disord. 2010, 20, 155-161. [CrossRef] [PubMed]

Glanzman, A.M.; McDermott, M.P.; Montes, J.; Martens, W.B.; Flickinger, J.; Riley, S.; Quigley, J.; Dunaway, S.; O'Hagen, J.; Deng,
L.; et al. Validation of the Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP INTEND). Pediatr.
Phys. Ther. 2011, 23, 322-326. [CrossRef]

Haataja, L.; Mercuri, E.; Regev, R.; Cowan, F.; Rutherford, M.; Dubowitz, V.; Dubowitz, L. Optimality Score for the Neurologic
Examination of the Infant at 12 and 18 Months of Age. J. Pediatr. 1999, 135, 153-161. [CrossRef] [PubMed]

Dubowitz, L.; Dubowitz, V.; Mercuri, E. The Neurological Assessment of the Preterm and Full-Term Newborn Infant; Cambridge
University Press: Cambridge, UK, 1999.

De Sanctis, R.; Coratti, G.; Pasternak, A.; Montes, J.; Pane, M.; Mazzone, E.S.; Young, S.D.; Salazar, R.; Quigley, J.; Pera, M.C.; et al.
Developmental Milestones in Type I Spinal Muscular Atrophy. Neuromuscul. Disord. 2016, 26, 754-759. [CrossRef]

O’'Hagen, ].M.; Glanzman, A.M.; McDermott, M.P.; Ryan, P.A; Flickinger, ].; Quigley, J.; Riley, S.; Sanborn, E.; Irvine, C.; Martens,
W.B,; et al. An Expanded Version of the Hammersmith Functional Motor Scale for SMA II and III Patients. Neuromuscul. Disord.
2007, 17, 693-697. [CrossRef]

Glanzman, A.M.; O'Hagen, ].M.; McDermott, M.P.; Martens, W.B.; Flickinger, J.; Riley, S.; Quigley, ].; Montes, J.; Dunaway, S.;
Deng, L.; et al. Validation of the Expanded Hammersmith Functional Motor Scale in Spinal Muscular Atrophy Type II and III. J.
Child Neurol. 2011, 26, 1499-1507. [CrossRef] [PubMed]

Montes, J.; Gordon, A.M.; Pandya, S.; De Vivo, D.C.; Kaufmann, P. Clinical Outcome Measures in Spinal Muscular Atrophy. J.
Child Neurol. 2009, 24, 968-978. [CrossRef]

Mazzone, E.S.; Mayhew, A.; Montes, J.; Ramsey, D.; Fanelli, L.; Young, S.D.; Salazar, R.; De Sanctis, R.; Pasternak, A.; Glanzman,
A.; et al. Revised Upper Limb Module for Spinal Muscular Atrophy: Development of a New Module. Muscle Nerve 2017, 55,
869-874. [CrossRef]

Ou, S.F; Ho, CS.; Lee, WT,; Lin, K.L.; Jones, C.C.; Jong, Y.J. Natural History in Spinal Muscular Atrophy Type I in Taiwanese
Population: A Longitudinal Study. Brain Dev. 2021, 43, 127-134. [CrossRef] [PubMed]

Cances, C.; Vlodavets, D.; Comi, G.P,; Masson, R.; Mazurkiewicz-Beldziiska, M.; Saito, K.; Zanoteli, E.; Dodman, A.; El-Khairi,
M.; Gorni, K,; et al. ANCHOVY Working Group. Natural History of Type 1 Spinal Muscular Atrophy: A Retrospective, Global,
Multicenter Study. Orphanet. ]. Rare Dis. 2022, 17, 300. [CrossRef] [PubMed]

Messina, S.; Pane, M.; De Rose, P.; Vasta, I.; Sorleti, D.; Aloysius, A.; Sciarra, F.; Mangiola, F.; Kinali, M.; Bertini, E.; et al. Feeding
Problems and Malnutrition in Spinal Muscular Atrophy Type II. Neuromuscul. Disord. 2008, 18, 389-393. [CrossRef]

Fujak, A.; Kopschina, C.; Forst, R.; Mueller, L.A.; Forst, J. Use of Orthoses and Orthopaedic Technical Devices in Proximal Spinal
Muscular Atrophy. Results of Survey in 194 SMA Patients. Disabil. Rehabil. Assist. Technol. 2011, 6, 305-311. [CrossRef] [PubMed]
Zenios, M.; Sampath, J.; Cole, C.; Khan, T.; Galasko, C.S.B. Operative Treatment for Hip Subluxation in Spinal Muscular Atrophy.
J. Bone Jt. Surg. Ser. B 2005, 87, 1541-1544. [CrossRef] [PubMed]

Merlini, L.; Granata, C.; Bonfiglioli, S.; Marini, M.L.; Cervellati, S.; Savini, R. Scoliosis in Spinal Muscular Atrophy: Natural
History and Management. Dev. Med. Child Neurol. 1989, 31, 501-508. [CrossRef]

Granata, C.; Merlini, L.; Magni, E.; Marini, M.L.; Stagni, S.B. Spinal Muscular Atrophy: Natural History and Orthopaedic
Treatment of Scoliosis. Spine 1989, 14, 760-762. [CrossRef]

Al Amrani, F; Amin, R.; Chiang, J.; Xiao, L.; Boyd, J.; Law, E.; Nigro, E.; Weinstock, L.; Stosic, A.; Gonorazky, H.D. Scoliosis in
Spinal Muscular Atrophy Type 1 in the Nusinersen Era. Neurol. Clin. Pract. 2022, 12, 279-287. [CrossRef]

Sporer, S.M.; Smith, B.G. Hip Dislocation in Patients with Spinal Muscular Atrophy. J. Pediatr. Orthop. 2003, 23, 10-14. [CrossRef]
[PubMed]

Wijngaarde, C.A.; Brink, R.C.; De Kort, FA.S.; Stam, M.; Otto, L.A.M.; Asselman, FL.; Bartels, B.; Van Eijk, R.P.A.; Sombroek, J.;
Cuppen, L; et al. Natural Course of Scoliosis and Lifetime Risk of Scoliosis Surgery in Spinal Muscular Atrophy. Neurology 2019,
93, E149-E158. [CrossRef]

Canavese, F.; Sussman, M.D. Strategies of Hip Management in Neuromuscular Disorders: Duchenne Muscular Dystrophy, Spinal
Muscular Atrophy, Charcot-Marie-Tooth Disease and Arthrogryposis Multiplex Congenita. Hip Int. 2009, 19 (Suppl. 56), S46-S52.
[CrossRef] [PubMed]

Granata, C.; Magni, E.; Merlini, L.; Cervellati, S. Hip Dislocation in Spinal Muscular Atrophy. Chir. Organi Mov. 1990, 75, 177-184.
Townsend, E.L.; Simeone, S.D.; Krosschell, K.J.; Zhang, R.Z.; Swoboda, K.J. Stander Use in Spinal Muscular Atrophy: Results
from a Large Natural History Database. Pediatr. Phys. Ther. 2020, 32, 235-241. [CrossRef] [PubMed]

Pane, M.; Coratti, G.; Sansone, V.A.; Messina, S.; Catteruccia, M.; Bruno, C.; Sframeli, M.; Albamonte, E.; Pedemonte, M.; D’ Amico,
A etal. Type I SMA “New Natural History”: Long-Term Data in Nusinersen-Treated Patients. Ann. Clin. Transl. Neurol. 2021, 8,
548-557. [CrossRef]

De Vivo, D.C,; Bertini, E.; Swoboda, K.J.; Hwu, W.L.; Crawford, T.O.; Finkel, R.S.; Kirschner, J.; Kuntz, N.L.; Parsons, J.A.; Ryan,
M.M.; et al. Nusinersen Initiated in Infants during the Presymptomatic Stage of Spinal Muscular Atrophy: Interim Efficacy and
Safety Results from the Phase 2 NURTURE Study. Neuromuscul. Disord. 2019, 29, 842-856. [CrossRef]


https://doi.org/10.1016/j.nmd.2009.11.014
https://www.ncbi.nlm.nih.gov/pubmed/20074952
https://doi.org/10.1097/PEP.0b013e3182351f04
https://doi.org/10.1016/S0022-3476(99)70016-8
https://www.ncbi.nlm.nih.gov/pubmed/10431108
https://doi.org/10.1016/j.nmd.2016.10.002
https://doi.org/10.1016/j.nmd.2007.05.009
https://doi.org/10.1177/0883073811420294
https://www.ncbi.nlm.nih.gov/pubmed/21940700
https://doi.org/10.1177/0883073809332702
https://doi.org/10.1002/mus.25430
https://doi.org/10.1016/j.braindev.2020.07.012
https://www.ncbi.nlm.nih.gov/pubmed/32878721
https://doi.org/10.1186/s13023-022-02455-x
https://www.ncbi.nlm.nih.gov/pubmed/35906608
https://doi.org/10.1016/j.nmd.2008.02.008
https://doi.org/10.3109/17483107.2010.525292
https://www.ncbi.nlm.nih.gov/pubmed/20939690
https://doi.org/10.1302/0301-620X.87B11.16216
https://www.ncbi.nlm.nih.gov/pubmed/16260676
https://doi.org/10.1111/j.1469-8749.1989.tb04029.x
https://doi.org/10.1097/00007632-198907000-00019
https://doi.org/10.1212/CPJ.0000000000001179
https://doi.org/10.1097/01241398-200301000-00002
https://www.ncbi.nlm.nih.gov/pubmed/12499935
https://doi.org/10.1212/WNL.0000000000007742
https://doi.org/10.1177/112070000901906s08
https://www.ncbi.nlm.nih.gov/pubmed/19306247
https://doi.org/10.1097/PEP.0000000000000713
https://www.ncbi.nlm.nih.gov/pubmed/32569095
https://doi.org/10.1002/acn3.51276
https://doi.org/10.1016/j.nmd.2019.09.007

Children 2023, 10, 892 13 0f 13

50. Bray, N.; Kolehmainen, N.; McAnulff, ].; Tanner, L.; Tuersley, L.; Beyer, F.; Grayston, A.; Wilson, D.; Edwards, R.T.; Noyes, J.;
et al. Powered Mobility Interventions for Very Young Children with Mobility Limitations to Aid Participation and Positive
Development: The Empower Evidence Synthesis. Health Technol. Assess. 2020, 24, 1-194. [CrossRef]

51. Dunaway, S.; Montes, J.; O'Hagen, ]J.; Sproule, D.M.; Vivo, D.C.D.; Kaufmann, P. Independent Mobility after Early Introduction of

a Power Wheelchair in Spinal Muscular Atrophy. J. Child Neurol. 2013, 28, 576-582. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3310/hta24500
https://doi.org/10.1177/0883073812449383

	Introduction 
	Materials and Methods 
	Study Design 
	Participants and Recruitment 
	Data Collection 
	Sociodemographic and Physical Conditions 
	Functional Assessments 

	Analysis of Results 
	Ethical Considerations 

	Results 
	Patient Characteristics and Demographics 
	Clinical and Functional Outcomes 
	Standardized Assessments 
	Therapies and Technical Aids 

	Discussion 
	Conclusions 
	References

