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Abstract.
Background: The manifestation of bulbar symptoms, especially swallowing, is important for evaluating disease-modifying
therapies for spinal muscular atrophy (SMA). Due to the lack of instruments, the topic is still underrepresented in research.
Objective: This study aimed to develop a tool to monitor swallowing development in children aged 0 to 24 months with
SMA.
Methods: The method was guided by the COSMIN guidelines and followed a multi-stage Delphi process. The first step was
a rapid review of swallowing outcomes in children with SMA younger than 24 months. In the second step, online group
interviews with experts (n = 7) on dysphagia in infants were conducted, followed by an anonymous online survey among
experts in infants with SMA (n = 19). A predefined consensus threshold for nominal scaled voting was set at ≥ 75 % and for
5-point Likert scale voting at 1.25 of the interquartile range. The third step was the pilot test of the instrument, performed
with three groups (healthy controls n = 8; pre-symptomatic n = 6, symptomatic n = 6).
Results: Based on the multi-level interprofessional consensus, the DySMA comprises two parts (history and examination),
ten categories, with 36 items. Implementation and scoring are clearly articulated and easy to implement. The pilot test showed
that swallowing development could be recorded in all groups.
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Conclusion: The DySMA is well suited for monitoring swallowing development in pre-symptomatic and symptomatic treated
infants with SMA. It can be performed in a time-efficient and interprofessional manner. The resulting score is comparable to
results from other instruments measuring other domains, e.g., motor function.
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INTRODUCTION

Spinal muscular atrophy (SMA) is a rare neurode-
generative disease affecting the lower motor neuron
[1]. The most severe form (formally clinically classi-
fied as type 1) manifests its symptoms in the first
months of life and, if untreated, leads to severe
muscle wasting, dysphagia, respiratory failure, and
ultimately death [2–4]. Close monitoring of swallow-
ing ability is required due to the rapid death of motor
neurons, which can lead to a loss of swallowing func-
tion within a few weeks [5, 6]. SMA is caused by a
deletion of the survival motor neuron (SMN1) gene
and a resulting decreased SMN protein production.
The time of onset and severity are influenced by the
number of copies [1–6] of the SMN2 gene [7, 8].

The introduction of newborn screening on SMA
and the approval of three gene-modifying or gene-
replacement therapies (nusinersen, onasemnogene,
and risdiplam) have necessitated a rethinking of
research and clinical care as new phenotypes emerge
[3].

Manifestation of bulbar symptoms, particularly
swallowing, will be important for future therapy eval-
uation. Increasing research interest can be observed.
Since swallowing is a complex process and there is a
general lack of valid instruments to assess swallow-
ing function in children [9, 10], selecting appropriate
measuring instruments is challenging.

The first studies systematically investigating swal-
lowing in treated children under 24 months of age
were published. Van der Heul et al. [5] studied a
prospective cohort of five nusinersen-treated chil-
dren with type 1 SMA using Clinical Swallowing
Examination (CSE) and videofluoroscopic swallow-
ing study (VFSS) up to ten months after the start
of therapy. Two of the children were clinically pre-
symptomatic, and three were already symptomatic.
Initially, an improvement or maintenance of swal-
lowing function was observed. However, swallowing
deteriorated in all children between the ages of eight
and 12 months.

Weststrate et al. [8] retrospectively examined 24
symptomatic children with type 1 SMA up to 24
months after initiation of nusinersen treatment using

the Pediatric Functional Intake Scale (p-FOIS) [6].
Despite improvement in motor function, oral intake
status could not be maintained.

In a pilot study of ten SMA patients with 2 SMN2
copies treated with nusinersen, onasemnogene, or ris-
diplam after symptom onset, Zang et al. [11] could not
demonstrate significant improvement in swallowing
function by flexible-endoscopic evaluation of swal-
lowing (FEES) approximately six months after the
start of therapy.

Berti and colleagues [12] followed a cohort of 20
symptomatic nusinersen-treated children for up to 62
months using the Oral and Swallowing Abilities Tool
(OrSAT) [13]. They demonstrated a modest improve-
ment in oral and swallowing abilities, particularly in
children who did not show marked swallowing dys-
function before therapy initiation.

A larger retrospective study by McGrattan et al.
[14], which retrospectively evaluated children treated
early with onasemnogene from three study cohorts,
showed that in the first 18 months after the start of
therapy, 60 of 65 children were fully orally fed and
had no significant swallowing disorders.

Concerning the measuring methods used in these
studies, it should be emphasized that instrumental
swallowing examinations and oral intake scales can-
not capture and record the physiological development
of swallowing. They cannot represent a normal devel-
opment course and are not sensitive to small changes.
For example, an exclusively breastfed newborn will
score the same on an oral intake scale as a 24-month-
old toddler who eats solid food but has undergone
complex development to do so. The same applies to
the instrumental swallowing examination; here, the
healthy newborn will obtain the same result as the
two-year-old child, although this child has developed
tremendously from infancy.

A recently published international consensus on
bulbar function in SMA [15] was an essential
step toward interprofessional applicable assessment
development and led to an item bank for further devel-
opment. It has yet to be published which items are
appropriate, especially for children younger than two
years. Still, the classification of an instrument for
children 0 to 24 months of age was deemed worth-
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Fig. 1. Modified multi-stage Delphi process of the DySMA development; FS = formulation session; CD = cognitive debriefing;
sym. = symptomatic.

while. It is necessary to closely monitor the course of
swallowing in children with SMA, even in children
treated very early and pre-symptomatically [3, 5, 6,
11]. For this, the development of a change-sensitive
instrument is crucial.

This study aimed to develop the monitoring tool
DySMA (Dysphagia in Children with Spinal Mus-
cular Atrophy). The construct to be measured by
the tool was defined as the monitoring of swallow-
ing development (physiological and pathological).
The target population were infants and toddlers with
SMA aged 0 to 24 months. Interprofessional feasibil-
ity by speech-language pathologists (SLP), physical
therapists (PT), and neuropediatricians (NP) was
intended. As an outcome, swallowing development
should be expressed in a point value comparable to
motor function tests such as the Children’s Hospital
of Philadelphia Infant Test (CHOP-INTEND [16]).
Further requirements for the tool were an objective,
short, and frequently repeatable implementation with
a low burden on the children and their families.

The tool did not intend to replace a detailed CSE
or instrumental swallowing examination. Neither
the severity of dysphagia nor therapy goals should
be derived from the tool. Furthermore, it was not
intended to develop a screening to indicate an aspi-
ration risk or the need for differentiated swallowing
diagnostics.

METHODS

The development of the DySMA instrument is
part of the identically named study and consists of a
multi-stage Delphi process (Fig. 1). The local ethics
committee approved the study (2022-100827 2-BO-
ff). The Study is registered in the German Clinical
Trials Register (DRKS00029541, German WHO pri-
mary registry).

The method was guided by the “COSMIN criteria
and rating system for evaluating the content validity
of PROMs” [17]. All voting on relevance and wording

refer to the German version of the DySMA. The cate-
gories and items illustrated here have been translated
into English for publication.

Step 1: Rapid Review and preparation

As a first step, we searched for original articles
reporting clinical items for swallowing in SMA type
1 children (or with predominantly 2 SMN2 copies)
younger than 24 months. These could be either clin-
ical instruments, parts of clinical instruments, or
single items reported as outcomes. The exact inclu-
sion and exclusion criteria are listed in Appendix
1.

The Medline and CINAHL databases were
searched from inception to August 2022 for original
research published in English using medical sub-
ject headings (MeSH) and key terms from “infant”,
“spinal muscular atrophy”, and “swallowing dis-
order”. This search resulted in 229 publications.
Additionally, six records were identified through
other sources. After removing duplicates, 223 records
were screened, and finally, six full texts were included
in the qualitative synthesis. In the case of multi-
ple studies by the same authors using the same
instrument, only one publication was included in the
analysis (see Appendix 1 for the PRISMA flow dia-
gram of the reviewing process [18]).

We developed an initial item pool based on the
items identified in the rapid review and preliminary
studies of the working group [11, 19]. The exact
wording of the items and categories for bundling
items were determined in formulation session 1
(FS1). Two SLPs, one physician (MD), and two
psychologists from the working group attended the
meeting, and the initial item pool was generated.

Step 2: Modified Delphi method

A multi-stage modified Delphi process con-
sisted of several formulation sessions, online group
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interviews, and an anonymous online survey (see
Fig. 1).

Interviews

The experts for the interviews were recruited in
Germany via mailing lists of pediatric dysphagia net-
works and by e-mail using the snowball system. The
goal was to recruit ten participants. Due to the seri-
ous lack of experience with this patient group, the
search was adapted and expanded to include experts
who had no explicit experience with SMA but with
infant dysphagia and extended to Switzerland.

Eligibility was also conditional on being an SLP
(or equivalent) and having self-reported expertise in
dysphagia in children younger than two years.

We conducted semi-standardized interviews via
the Zoom video platform using an interview guide.
All participants provided written informed consent.
The interviews were audiotaped.

Two SLPs with expertise in both the construct
(swallowing development in children) and the target
population (young children with SMA) conducted the
interviews. Neither was eligible to vote.

The interviews aimed to discuss and reach a
consensus on the relevance of the preformulated cate-
gories and items for the construct and the target group.
In addition, the participants could add items that had
not been previously recorded. Approval or rejection
was nominally scaled (yes/no/not sure).

Qualitative data, such as discussions or additional
suggested items, were transcribed with simple cod-
ing and included in the following formulation session
(FS2). Categories and items were excluded, added, or
reformulated, resulting in a new pool.

Online Survey

In the following round, an online survey was
created using Lime Survey 5.x, hosted at Ham-
burg University (https://www.rrz.uni-hamburg.de/
services/software/alphabetisch/limesurvey.html).
The questionnaire aimed to generate consensus
on the categories and items of the DySMA in
terms of their relevance to the planned instrument
using a 5-point Likert scale (1 = disagree; 5 = fully
agree). In addition, the wording was assessed on a
nominal scale (yes/no), including an open text box.
Demographic data on occupation, work location,
and years of experience were collected. An SLP and
an MD pretested the function and completeness of
the online survey.

SLPs, PTs, and NPs with experience diagnosing
children with SMA (<24 months) were invited to
participate in the survey. Only members of these
professional groups with relevant professional expe-
rience could participate. Participants were recruited
via e-mails to neuromuscular centers treating SMA
patients and professional association mailing lists.
Participation was anonymous. It was not known
in advance how many potential participants with
appropriate qualifications there were. According to
COSMIN criteria [17], a minimum of 30 participants
would have been desirable. The participants from
the previous interviews were all invited to participate
again, so the questionnaire also served as a summary
and feedback on the results of the interviews.

After the final analysis of the online questionnaire,
another formulation session (FS3) was conducted,
and the framework of the tool, including the scoring,
was determined. Practicability was discussed with
two PTs and two NPs who had tested the DySMA
in their clinical practice with the target group (cog-
nitive debriefing). They provided feedback on the
feasibility of individual items and the practicality of
the instrument, resulting in another adjustment to the
questionnaire.

Consensus definition and data analysis

All type of data was tabulated in Excel (2016,
Microsoft) and exported for further analysis to SPSS
(Version 27, IBM). Demographic data, frequencies,
and percentages were analyzed descriptively.

The consensus threshold for nominal scaled voting
was set at ≥ 75% [20]. Concerning the 5-point Likert
scale, a predefined threshold of 1.25 of the interquar-
tile range (IQR) was set for consensus, corresponding
to 75% [21].

Step 3: Pilot testing of the DySMA

The pilot trial was conducted in a single neurope-
diatric center treating SMA by two SLPs with three
groups of children. Group I included eight healthy
controls from the ongoing DySMA norm study. The
children were recruited between April and June 2023
through playgroups, maternity clinics, and daycare
centers in Hamburg, Germany. Inclusion criteria were
birth after 37 weeks of gestation, unremarkable devel-
opment, no known chronic illnesses according to
routine pediatric check-ups, and an apparent absence
of infection on the examination day. Group II is
part of the ongoing DySMA study and includes six
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infants with SMA who received early and clinically
pre-symptomatic therapy. Group III consists of six
infants and toddlers with symptomatic SMA who
received treatment. These are four children from
the DySMA study and two from the CHILDYS-RD
study, for which data have been previously published
[11]. Inclusion criteria were genetically proven 5q-
associated spinal muscular atrophy with two SMN2
copies and therapy with one of the three currently
approved treatments. All parents provided written
informed consent.

Due to different study designs, the measurement
time points varied: children from the DySMA study
had up to five data collection points, children from the
CHILDYS-RD study had two, and healthy controls
had one.

The implementation of the DySMA consists of a
patient history section and an examination section
(see Appendix 3). An SLP assessed the DySMA for
all children, and the OrSAT [13] was used as a com-
parison tool. The instrument was chosen because it is
most similar to the DySMA in terms of the aim, the
construct measured, and the scoring. The Neuromus-
cular Disease Swallowing Status Scale NdSSS [22]
and the p-FOIS [6] were also captured. Although a
CSE was also performed in symptomatic children, it
is not reported as a comparative outcome due to the
lack of standardization [9].

RESULTS

Step 1: Rapid Review and preparation of the item
pool

After evaluating the six included studies, two oral
intake scales (NdSSS [22, 23] and p-FOIS [6]), and
one oral and swallowing abilities instrument (OrSAT)
[13] were identified. One instrument, the HINE [24],
includes an item on sucking/swallowing, as well as
the Floppy Infant Module [25]. A total of nine out-
come parameters could be identified in the included
publications and were reported in the results as part
of the instruments used: oral intake/ type of nutrition
[6, 13, 23], tongue fasciculation [23, 26], difficulty
managing secretions [23], weak sucking [5, 23, 26,
27], weak voice [5, 23], ineffective cough [5], wet
voice/breathing [5], coughing while feeding [5, 13],
fatigue while feeding [5, 13].

Based on the clinical experience of the research
group and two preliminary studies [11, 19], additional
items were added on gastrointestinal problems like
vomiting and reflux, compensation while feeding, and

eating behavior. These studies were published after
the rapid review search period and, therefore, could
not be included in the review.

From a clinical perspective, the questionnaire
needed to be short and also usable by non-specialists
in dysphagia. This resulted in a rather small item pool.
After the first formulation session (FS1), 36 unique
items classified into the following ten categories were
included in the Delphi process: 1) type of nutrition, 2)
compensation, 3) secretion management, 4) choking,
5) eating behavior, 6) fatigue, 7) gastrointestinal prob-
lems, 8) strength (voice and cough), 9) non-nutritive
sucking and, 10) atrophy (see Appendix 2 for detailed
item list/detailed process). A nominal rating system
(yes/no) was adopted for the items of the tool.

Step 2: Modified Delphi method

Interviews
Nine SLPs were invited for the interviews; two

could not participate due to time constraints, so seven
experts participated. Five were from Germany, two
from Switzerland, and all participants were female.
Four SLPs had prior experience with SMA (Mdn
3,5 years; range 2–5). The average experience with
swallowing disorders in infants and toddlers of all
participants was 20 years (range 15–24 years).

In a discussion of the tool’s framework, there was
agreement that the proposed instrument does not
require observation of food intake for its intended pur-
pose since it does not replace a CSE and must be able
to be used quickly by non-SLPs with no experience
in dysphagia (100%).

Voting on the planned categories of the instrument
went as follows: the non-nutritive sucking category
(NNS), including the three items it contained, was
excluded. Broad consensus existed among the experts
that no conclusions about nutritive sucking could
be drawn from the NNS (0%). For example, non-
nutritive sucking also depends on the current state
(hungry, sleepy, etc.), and some children generally
refuse a pacifier. A brand new jaw strength and sta-
bility category was added, which includes four items
biting, chewing, drinking from a cup, and drinking
from a straw. One item paradoxical breathing was
added to the strength category, and the category was
renamed. No clear consensus was found for the eat-
ing behavior (75%) and atrophy (50%) categories.
It was consented that they retained their relevance
to the instrument by excluding and adding individ-
ual items and renaming the categories. As a result,
two items were excluded from the eating behavior
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category (eats too little and skips meals), and one
was added (parental concern about food intake). Two
unique items were added to the atrophy category
(maximum jaw opening and open mouth breathing),
and the category was renamed (see Appendix 2 for
detailed information about construct and target group
consensus).

A total of 39 items in ten categories emerged
from FS2 after evaluating the interviews. They were
included in the following step of the Delphi process.
It should be noted that the category type of nutri-
tion contains an oral intake scale consisting of eight
items that cannot be scored individually. The follow-
ing vote, therefore, refers to 31 individual items (see
Appendix 2).

Online survey

Due to the acquisition via large mailing lists, it is
unclear how many potential participants were initially
reached. A total of 28 participants attempted to com-
plete the questionnaire. Of these, 23 met the inclusion
criteria. Finally, 19 questionnaires were filled in com-
pletely and used for analysis. Six participants had also
taken part in the interviews in the first round.

Of the 19 participants, eight were SLPs with a
median experience of three years (range 0–19 years)
for the target group. Seven participants were PTs with
a median experience of 28 years (range 6–32 years).
The remaining four were NPs with a median experi-
ence in children with SMA younger than 24 months
of 11 years (range 7–25 years).

Most participants worked in centers or hospi-
tals with a neuropediatric focus (n = 13), three were
employed in a clinic with a different focus, and three
worked in an outpatient practice.

Consensus on relevance

Nine of the ten categories were deemed relevant
and did not exceed the IQR threshold value of 1.25.
The category gastrointestinal problems crossed the
threshold with an IQR of 2 and were discussed in the
following FS3 (see Appendix 2).

Of 31 items, a clear consensus on relevance was
found for 26 items (IQR < 1.25) (see Appendix 2).
Four items were finally excluded after discussion in
the last FS and after a cognitive debriefing (CD)
with users. Appendix 2 shows that the items bites
of food, noticeably high/narrow palate, vomiting,
and extremely picky eating habits were retained even
though the threshold was exceeded. The application-

related CD showed that parents frequently reported
these parameters and that they represented a typical
symptom for the target group. In addition, after dis-
cussion, the items requires many small meals, eats
very slowly/takes a long time for a meal, falls asleep
while eating, and suspected reflux were excluded
because they overlapped with other items and could
not be clearly scored in the application.

Consensus on wording

Consensus was reached on the wording for six
categories; there was also minimal rephrasing for
two items. Four categories were reworded because
the 75% consensus threshold was not reached (see
Appendix 2). Comments on the rewording in the open
text field concerned the changing, omitting, or adding
of individual words, which are not listed here in detail.

Framework

Regarding the framework, it was decided in the
last FS that categories 2-6 are automatically scored
as 0 if oral nutrition is no longer possible (type of
nutrition ≤ 1). This way, ambiguities in scoring dur-
ing cognitive debriefing are eliminated (see Appendix
3 DySMA). Ambiguities in assessing children who
were not fed orally also occurred in earlier proto-
types and the implementation of the OrSAT, so this
point was important to users.

The final pilot version of the DySMA consists of
two parts (patient history and examination), ten cat-
egories (see Appendix 2), and 36 items. In the first
Delphi round, there was consensus that the tool does
not require direct observation of food intake (see
Appendix 2). For this reason, all items related directly
to food intake and the secretion management cate-
gory were finally assigned to the patient history. All
items that are considered non-nutritive were assigned
to the examination section. These also require evalu-
ation by the examiner for accurate assessment (e.g.,
whether the jaw opening is limited or if there is sig-
nificant paradoxical breathing). A score between 0
and 35 points can be achieved; the higher the score,
the more advanced the swallowing development (see
Appendix 3).

Step 3: Pilot-testing of the DySMA

The characteristics of the three pilot groups are
shown in Table 1. In groups I and II, there were more
girls than boys overall. Further detailed information,
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Table 1
Sample characteristics (N = 20)

Group I (n = 8) Group II (n = 6) Group III (n = 6)
healthy controls SMA pre-symptomatic SMA symptomatic

Sex F:M 5 : 3 5 : 1 3 : 3
SMN2 copy number – 2 (100%) 2 (100%)
Median age at start SMN modifying medication – 32.5 (26–38) 81 (22–267)
Age range∗/Median age at first examination 39–715∗ 31 (22–37) 78,5 (12–234)
Type of medication

onasemnogene – 5 4
nusinersen – 0 1
onasemnogene + nusinersen – 1 0
risdiplam + onasemnogene – 0 1

Nutrition at inclusion
Oral 6 6 4
Tube feeding 0 0 2

Median DySMA (0–35) score at inclusion 31 (23–35)∗ 26.5 (25–27) 17 (13–20)
Median OrSAT (0–12) score at inclusion 10,5 (5–12)∗ 7 (4–7) 3.5 (1–5)
Median NdSSS (1–8) score at inclusion 8 (8–8)∗ 8 (8–8) 8 (3–8)
Median p-FOIS (1–6) score at inclusion 6 (6–6)∗ 6 (5–6) 5 (2–6)

Note. All ages in days; median with range (in brackets); ∗These scores represent a range of all healthy controls aged 0–24 months, which
were only examined once in contrast to the SMA sample.

such as the CHOP-INTEND [16] and long-term tra-
jectories, has been published elsewhere [11, 19] or
will be published after the completion of the DySMA
study proper.

Figure 2 shows the DySMA total scores of the three
samples in the top row, with the OrSAT measurements
below. It should be noted that, strictly speaking, no
progress is shown for healthy controls, but only sepa-
rate measurements of individual infants and toddlers
of different ages are shown.

The DySMA score of healthy controls ranges from
23 to 35 (35 is the maximum score), and the OrSAT
value ranges from 5 to 12 (12 is the maximum score);
for both tools, the maximum value is reached from
22 months. For all children, the oral intake scales
remained at the maximum value.

In pre-symptomatic children, the DySMA ranges
from 17 to 32 and the OrSAT from 4 to 11. None of
these children reached the maximum value. However,
it should be noted that the maximum age in this group
is 17 months, not 22 months like in the healthy control
group. The NdSSS ranged from 7 to 8, and the p-FOIS
from 4 to 6.

The symptomatic sample had a DySMA range
from 1 to 27 and an OrSAT range of 1 to 10. The
NdSSS ranged from 1 to 8, and the p-FOIS from 1 to
6. As in the pre-symptomatic sample, the maximum
age was 17 months.

It is evident that the development of swallowing
is more pathological in the symptomatically treated
group than in the other groups. The trajectories in
the healthy controls and the pre-symptomatically

treated children could be similarly represented with
the DySMA and the OrSAT. However, the OrSAT
trajectory was somewhat steeper due to the distribu-
tion of scores. The symptomatic group started with a
lower OrSAT score and stagnated or improved over
time, whereas the DySMA tended to worsen (Fig. 2).

DISCUSSION

This study aimed to develop, reach consensus on,
and pilot the DySMA instrument for monitoring
swallowing development in infants and toddlers with
SMA younger than 24 months. A multi-level interpro-
fessional consensus indicated that the DySMA items
are relevant to the construct of swallowing develop-
ment and the target population of children with SMA
and that the items are worded comprehensibly. The
pilot test showed that the tool works properly and
can be applied easily. Swallowing development and
differences between the groups were established.

Compared to the OrSAT [13], conducted simul-
taneously, the instruments show that the trajectories
were similar with some exceptions. Comparable to
the studies by van der Heul and colleagues [5] and
Weststrate et al. [6], the swallowing development of
the children treated only symptomatically was unsat-
isfactory. Analogous to the results recently published
by McGrattan and colleagues [14] in children treated
very early, swallowing development in the presymp-
tomatically treated group was predominantly good
during the first 17 months of life.
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Fig. 2. Graphic representation of the development of swallowing measured with the DySMA (a-c) and the OrSAT (d-f); a; d) in a healthy control sample; each point represents one case, b; e) in
an SMA sample, the children were clinically pre-symptomatic before the start of therapy, c; f) in an SMA sample, the children were symptomatic before the start of treatment, the lines represent
the course of a case.



J. Zang et al. / DySMA for Monitoring of Swallowing Function in SMA 481

It is undisputed that the treatment success of
disease-modifying therapies in SMA patients will
eventually have to be measured by swallowing out-
come, in addition to other parameters. Due to the
changing phenotype [1, 3] and infants treated very
early, a change-sensitive instrument that can also
reflect positive development is urgently needed.

The OrSAT [13] is a promising tool for this target
group (children with SMA < 24 months). However, in
addition to the construct of swallowing, this instru-
ment also measures the production of syllables and
words, which is explicitly not the goal of the DySMA.
When applying the OrSAT in everyday clinical prac-
tice, the research group encountered uncertainties in
the assessment. These are: the scoring for a non-orally
fed child remains unclear, items concerning tiring,
completing a meal, and duration of a meal overlap,
and children may score higher simply by moving
up an age category. It is, therefore, possible for the
score to change from one day to the next, even with
otherwise identical results.

In principle, in our opinion, it is not useful to
assess several aspects of bulbar symptomatology with
one instrument. Language and phonetic disorders
probably occur with a frequency similar to typi-
cally developing children in the target group. Speech
and articulation should, therefore, be surveyed sep-
arately because, like swallowing, they are complex
phenomena. For this reason, speech-language pathol-
ogy will play an essential role in interprofessional
research teams in the future. The work of Dunaway
Young and colleagues [15], with a large pool of
items, provides a good basis to assess bulbar symp-
toms in SMA as broadly as possible in different age
groups. This could lead to different instruments in the
future that capture these different constructs individ-
ually.

In this study, we demonstrated that oral intake
scales (NdSSS [22]; p-FOIS [6]) are not sufficient to
monitor swallowing development in a new phenotype
(pre-symptomatic treatment) of SMA. Although the
oral intake scales can illustrate the steps between oral
and parenteral feeding and show differences between
groups, they cannot monitor physiological develop-
ment. For example, in the pilot sample, all healthy
controls received the highest score on the oral intake
scales, and this no longer changes with physiologi-
cal development. However, to monitor developmental
steps in the future, as is the case with motor function,
tools such as the DySMA are helpful. For example,
it can be used to record when children begin to eat or
chew solid food.

The DySMA is well-suited as a basis for develop-
ing further tools for various age groups. For example,
as suggested by Dunaway Young and colleagues for
the age group 2 to 12 years [15].

The DySMA will be a useful adjunct to motor func-
tion tests in registration trials, for patient registers
(e.g., SMArtCARE [28]), and outpatient follow-up.
Especially when SLP expertise is unavailable, it is a
useful tool to systematically record the progression
of the swallowing outcomes in the target population.

Limitations and considerations for future studies

As far as the Delphi method is concerned, the
small number of participants was a clear weakness.
According to the COSMIN recommendations [17], a
sample size of less than 30 persons is insufficient. In
German-speaking countries, however, there has been
little but increasing expertise in the field of swallow-
ing in infants and toddlers. At the same time, there
is little experience with children with SMA under
24 months of age. In addition, newborn screening in
Germany only began in autumn 2021, so the number
of cases is still low. For this reason, 19 individuals
can be considered adequate. The same applies to the
sample size of the pilot sample.

Regarding the classification of the groups, it should
be mentioned that the pre-symptomatic sample was
clinically classified and not based on device mea-
surements, such as compound motor action potential
(CMAP).

It is important to note here that ideally, chil-
dren with SMA should receive a detailed swallowing
examination by an SLP, which cannot be replaced by
performing the DySMA. Due to a general shortage
of SLPs in Germany in this area and the underrep-
resentation of SLPs in SMA centers and research,
an interprofessional approach will be necessary. In
our online survey sample, we saw that PT (Mdn 28y)
and NP (Mdn 11y) currently have significantly longer
experience with the target group than SLP (Mdn 3y);
there is still some catching up to do here. Regarding
the pilot testing of the DySMA, it must be taken into
account that SLPs used the tool in our study. Although
two PTs and two NPs tested the applicability of the
tool and contributed to the final version in a cogni-
tive debriefing, in the future, the reliability between
PT, NP, and SLP must also be checked in order to
make a final statement about the interprofessional
applicability.

Concerning the DySMA framework, it can
undoubtedly be critically discussed that it has to do
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without direct observation of food intake and that it is
a combined tool of patient history and examination. In
the formulation sessions, it was discussed that parents
of children with SMA already have to fill in several
Parent-Reported Outcome Measures (PROMS) at the
examination appointments (at least, this is the case in
our center). In the experience of the examiners, it was
easier to ask questions and give examples in an oral
patient history. However, it also became apparent that
some items require specific assessment by the exam-
iners (examination section, e.g., reduced maximum
jaw opening) as they cannot be judged effortlessly by
parents.

DySMA tool’s next steps are to check the reliability
and validation using larger samples (DySMA study)
and norming using healthy controls (DySMA norm
study). In addition, the English translation needs to
be reviewed by an international expert consensus and
made available internationally. Due to the condition’s
rarity and the so far poorly-researched target group
under 24 months of age, collaboration with expert
groups worldwide is valuable here.

CONCLUSION

The DySMA is well suited for mapping swal-
lowing development in presymptomatically and
symptomatically treated infants and toddlers with
SMA. It can be administered time-efficient and inter-
professional by SLPs, PTs, or NPs. The resulting
score can be correlated with results from other instru-
ments measuring different constructs, e.g., motor
function.
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