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Abstract.
Background: Progressive weakness can affect bulbar muscles in individuals with moderate to severe forms of spinal muscular
atrophy (SMA). The paucity of standardized, valid bulbar assessments capturing clinically significant deficits in SMA impedes
the ability to monitor function, facilitate intervention, or detect treatment response.
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Objective: To fill this void, an international multidisciplinary team gathered to develop an agreed upon consensus-derived assessment

of bulbar function in SMA for inter-professional administration to enhance our ability to monitor disease progression, support clinical

management, and evaluate treatment effects.

Methods: Fifty-six international clinicians experienced in SMA were invited and engaged using the Delphi method over multiple rounds of

web-based surveys to establish consensus.

Results: Serial virtual meetings occurred with 42 clinicians (21 speech and language therapists, 11 physical therapists, 5 neurologists,

4 occupational therapists, and 1 dentist). Seventy-two validated assessments of bulbar function were identified for potential relevance to

individuals with SMA (32 accessible objective, 11 inaccessible objective, 29 patient-reported outcomes). Delphi survey rounds (n = 11, 15,

15) achieved consensus on individual items with relevance and wording discussed. Key aspects of bulbar function identified included: oral

intake status, oral facial structure and motor strength, swallowing physiology, voice & speech, and fatigability.

Conclusions: Multidisciplinary clinicians with expertise in bulbar function and SMA used Delphi methodology to reach consensus on

assessments/items considered relevant for SMA across all age groups. Future steps include piloting the new scale moving towards val-

idation/reliability. This work supports the advancement of assessing bulbar function in children and adults with SMA by a variety of

professionals.

Keywords: Spinal muscular atrophy, bulbar function, outcome measures, deglutition, voice, speech, swallowing

INTRODUCTION

Spinal muscular atrophy (SMA) is an autosomal
recessive motor neuron disease caused by degener-
ation of lower motor neurons in the spinal cord and
brainstem and is characterized by progressive prox-
imal muscle weakness. The most common form of
SMA is caused by mutations in the 5q13 survival
motor neuron (SMN1) gene. The disease affects an
estimated 10–16 per 100,000 infants [1]. Individu-
als with SMA present with a broad phenotypic range
of disease severity with clinical classification based
on age of onset and maximal function achieved [2].
The more severe forms of SMA, who never achieve
the ability to sit (type 1) and those who can sit inde-
pendently (type 2), exhibit progressive weakness that
can affect bulbar muscles that impair communication,
including deficits in voice and articulation, as well
as swallowing. Individuals who can walk indepen-
dently and may lose this ability over time (type 3)
can develop bulbar deficits in adulthood [3]. These
deficits have serious adverse effects on health, well-
being and social participation [4–7].

In this new era of disease modifying thera-
pies for SMA, several treatment options have been
clinically proven to be effective, approved for com-
mercial use, and are markedly altering the clinical
course, functional outcomes, and evolving pheno-
typic expression. There is limited objective data
however regarding the impacts of these therapies on
bulbar function [8]. Despite the appreciated signif-
icance of bulbar impairment, there has historically
been little systematic evaluation of its integrity within
the clinical arena. This is in contrast to interna-
tionally utilized disease-specific assessments that are

used to evaluate gross and fine motor physiology
and function [9–12]. One of the reasons for the void
in systematic bulbar assessment is the scarcity of
standardized and validated SMA assessment tools
that examine integrity across all bulbar domains.
Available assessments frequently are isolated to just
evaluating one component, such as swallowing, or
communication. Those that evaluate across multi-
ple bulbar domains are often limited to just a few
questions on each that do not provide sufficient infor-
mation regarding bulbar integrity. Other reasons for
this gap in routine bulbar assessment among patients
with SMA is the shortage of clinicians with exper-
tise in bulbar physiology and function (ex. speech
language pathologists) who see patients within the
interdisciplinary neuromuscular clinic and/or the lack
of resources to apply specialized instrumental assess-
ments. This leaves regular bulbar assessment of SMA
patients to other healthcare providers that often do not
have the expertise to perform a refined assessment.
These gaps in assessing bulbar integrity have clini-
cally significant repercussions including the inability
to systematically monitor function, facilitate timely
rehabilitation intervention, and capture pharmaceuti-
cal treatment effects [6, 13].

To fill this void, a multidisciplinary team of interna-
tional SMA experts was gathered with the purpose of
developing an internationally applicable assessment
of bulbar physiology and function for all individu-
als with SMA that can be performed by clinicians,
without required specialized equipment or training,
to enhance our ability to monitor disease progression,
support clinical management, and evaluate treatment
effects. Having a disease-specific assessment could
provide an accurate picture of the individuals state
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that can guide a clinician to take a more invasive diag-
nostic pathway. This first report describes the process
of establishing expert consensus on relevant bulbar
assessments to include in the evaluation of individu-
als with SMA. This effort is part of a project to create
a global scale for multi-center use in SMA.

MATERIALS AND METHODS

Procedures

Tool development was completed by conducting a
modified Delphi method among a workgroup of clin-
icians and researchers with expertise in SMA and/or
bulbar physiology and function. Specifically, 56 inter-
national clinicians with the aforementioned expertise,
identified by their publication of scientific contribu-
tions, participation in SMA scientific conferences,
frequent management of SMA patients, or expertise
in a bulbar domain, were invited to participate in the
workgroup. Workgroup members participated in a
series of virtual meetings with specifications of tool
development as outlined below:

Workgroup Mission: Upon initiation of workgroup
meetings, and throughout the deliberation process,
members were repeatedly oriented to the workgroup
mission of developing an international assessment
of bulbar physiology and function in SMA to iden-
tify patterns of disease progression, inform clinical
management, and evaluate treatment response that
could be applied across the lifespan for both pediatric
and adult individuals. To maximize international uti-
lization where clinician and financial resources are
highly variable, a key component of tool develop-
ment was centered around designing the metric in a
way that did not require administration by a clinician
with specialty bulbar knowledge or instrumentation
(i.e., speech language pathologist, videofluoroscopy,
or endoscopy). This was done not to discount the
importance of specialty clinicians or instrumental
assessments, which have clear importance in this pop-
ulation. Instead, it was done to encourage standard
assessment where it currently is not being conducted,
and in cases where staffing prohibits the bulbar expert
to be part of the SMA multidisciplinary team, to
enable streamlined referrals to those with bulbar
expertise for a more refined assessment. Participants
were invited to share their clinical experience of bul-
bar impairment in SMA. A collective virtual platform
was established for collaboration and distribution of
relevant literature and input on clinical bulbar assess-
ment tools for consideration for SMA.

Domains of SMA Bulbar Assessment: The initial
step in development was to establish the domains
that compromise ‘bulbar’ physiology and function in
SMA that would require assessment. These domains
were used to focus the subsequent literature review
of bulbar assessments as outlined below.

Review Current Bulbar Assessments and Iden-
tify Gaps: A literature review was completed by
lead workgroup members to provide an initial list
of published bulbar assessments. Due to the scarcity
of bulbar assessment publications specific to SMA,
it was determined referenced assessments did not
need to be specific to their use in SMA for initial
inclusion. This list was presented to workgroup mem-
bers to identify additional assessments not initially
included, or in cases where assessments did not exist,
development of items to inquire into unmet areas.
All workgroup members were provided a series of
focused presentations that outlined specifications of
these assessments to ensure they possessed adequate
understanding of the assessment to make an educated
valuation on its relevance to SMA and appropriate-
ness to be included in the tool as outlined below.

Item Selection, Categorization, and Refinement via
Modified Delphi Method: Established bulbar assess-
ments underwent two stages of vetting by workgroup
members, both using modified Delphi method to
establish consensus (defined as agreement among
>80% of respondents). This method prompts expert
opinion using anonymous consecutive survey voting
process methodology to condense judgements into a
consensus [14] and is commonly used for a lack of
availability of evidence, conflicting evidence, or if
expert consensus if required for decision making in
healthcare [14]. To allow all participants to discuss
and interpret the results of the voting rounds, virtual
conferences were held following the survey-based
voting (Fig. 1). The voting surveys were dis-
tributed through the International SMA Consortium
(iSMAC) Network and were developed and delivered
through both QuestionPro [QuestionPro, Inc. Free
Online Survey Software and Tools | QuestionPro®.
https://www.questionpro.com/; Austin, Texas, USA]
(first voting round) and Jotform [Jotform Inc©. Jot-
form: Free Online Form Builder & Form Creator.
https://www.jotform.com/; San Francisco, Califor-
nia, USA] (all remaining voting rounds). The first
stage of assessment refinement was focused on select-
ing which of the established bulbar assessments had
one or more items within it that was relevant to
SMA and also could be performed by clinicians,
without required specialized equipment or training.

https://www.questionpro.com/
https://www.jotform.com/
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Fig. 1. Flowchart of modified Delphi methodology and survey round details.

Once consensus was established on the subset of
assessments to more thoroughly review, workgroup
members reviewed each individual item of the identi-
fied assessments to select the specific ones that were
relevant to SMA and should be included. Lastly,
areas for which items did not exist from the litera-
ture review but were felt to be areas that warranted
evaluations were developed by the workgroup con-
tent experts in that area and once again voted upon to
develop the assessment.

Item Categorization by Domain and Age Appro-
priateness: Selected items were reviewed for which
domain they were most relevant to for sub-grouping.
Once placed in their respective domains, they were
reviewed for their applicability by patient age to
enable different versions of the assessment to be
administered. Based on the nature of the items, work-
group members voted on age cut-offs for the test
versions. Selected items were then evaluated and
voted upon for their relevance in administration into
each of these age groups. For example, the ques-
tion ‘does your jaw get tired when chewing’ is not

applicable for an infant who has not yet started solid
foods. Items that would have relevance to another
age bracket if wording was modified were refined
to enable continuous assessment across the age span
whenever possible.

Data analysis

Descriptive statistics, including frequencies and
percentages were used to analyze demographic data.
Data collected from all rounds of the modified Delphi
web-based survey responses were analyzed using the
percentages of voting responses for each category.

RESULTS

Fifty-six participants were invited to the work-
group. Forty-two (75.0%) participants attended at
least one virtual workgroup meeting, which included
21 speech and language pathologists, 11 physical
therapists, 5 neurologists, 4 occupational therapists,
and 1 dentist (Table 1). Fifteen (26.8%) of the 42

Table 1
Multidisciplinary representation of the Bulbar Function in SMA Working Group

Working Group Clinical Disciplines N = 42 USA Europe

Speech and language pathologists, n (%) 21 (50) 14 (33) 7 (17)
Physical therapists, n (%) 11 (26) 6 (14) 5 (12)
Neurologists, n (%) 5 (12) 1 (2) 4 (10)
Occupational therapists, n (%) 4 (10) 3 (7) 1 (2)
Dentists, n (%) 1 (2) 0 1 (2)

USA, United States of America.
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clinicians decided to join and partake in three mod-
ified Delphi method survey rounds to facilitate tool
development. Attendance of >50% of virtual work-
group meetings was required of the 15 clinicians.
The survey response rate was 73% for round 1 and
100% for rounds 2 and 3 (Fig. 1). Participants took
part in 12 virtual workgroup meetings beginning
June 2020.

Workgroup members identified five bulbar
domains of assessment relevant to SMA that were
used to guide the literature review of assessments
evaluating these areas: 1) Oral Intake Status, 2) Oral
Facial Structure and Motor Strength, 3) Swallowing
Physiology, 4) Voice & Speech, and 5) Fatigability
(Fig. 2). Specifics of the nature of assessments
included within the five key domains for evaluation

Fig. 2. Five key domains for evaluation of bulbar function in SMA.
Circles include the number of items from final consensus-derived
item bank per domain.

of bulbar function in SMA can be found in Table 2.
Literature review within these domains revealed
72 assessments that were considered for inclusion
in the metric (Table 3). These included what were
categorized as ‘accessible’ or ‘inaccessible’ objec-
tive physiologic measures based on their ability to
be utilized globally without specialized training
or equipment and patient-reported outcomes. The
initial refinement of these assessments to identify
those that had at least one relevant item yielded
inclusion of 21 outcomes for more refined vetting.
From these 21 assessments, 298 items were vetted in
the second round of voting for their appropriateness
of inclusion based on content and redundancy
with other items. Consensus was achieved on
including 95 of these items to be part of the final
item bank, of which six items were derived from
accessible objective outcome measures, 83 items
from patient-reported outcome measures, and six
items were identified as gaps and created from
expert suggestion. Supplemental Table 1 provides
the psychometric characteristics of the agreed upon
assessments of bulbar function included in the final
item bank.

Of the six objective outcome measures, three oral
intake classification scales were identified as rele-
vant for SMA though redundant with each other:
Functional Oral Intake Scale, Oral and Swallowing
Abilities Test, and Neuromuscular Disease Swallow-
ing Status Scale. Consensus could not be achieved
on which scale should be included with clinicians
reporting they required firsthand experience in uti-
lizing all three scales to allow them to make an
educated decision. Final selection of these tools there-
fore occurred after expert clinicians explored the
utility of all three scales clinically, of which the Func-

Table 2
Specifics of the nature of assessments included within the five key domains for evaluation of bulbar function in SMA

Key Bulbar Domain Outcome Specifics

Oral Intake Status Outcomes categorizing oral intake status by amount of nutrition orally consumed,
characteristics of the oral nutrition (ex. thickened liquids) and the use of
alternative nutritive regimens (ex. gastrostomy)

Oral Facial Structure and Motor Strength Quantification of oral-motor movements using accessible methods (ex. measuring
mouth opening) and patient or parent-reported deficits relating to this ability (ex.
opening mouth to bite).

Swallowing Physiology Visual inspection of swallowing characteristics as well as patient or
parent-reported outcomes associated with deficits including perceived difficulty,
respiratory implications, and signs of impairment.

Voice & Speech Patient and parent-reported outcomes associated with the patient’s loudness,
intelligibility, social implications of communication deficits, and achievement of
developmental norms.

Fatigability Questions spanning the aforementioned areas specific to reports of decline in ease
or integrity of performance with time (ex. tired when eating).
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Table 3
Assessments of bulbar function considered for relevance for SMA

Assessments of Bulbar Function Published Data in SMA Total Items Number of
Items Achieved
Consensus

Items Required
Modification for
Wording/
Clarification

Accessible Objective Measures
6 Minute Mastication Test (6MMT) van der Heul AMB, 2022 [3]
90 ml continuous drinking (number of swallows) / 3oz water test / timed test of
swallowing

1 1

Active Maximal Mouth Opening (aMMO) van der Heul AMB, 2022 [3] 1 1
Morris E, 2020 [15]
van der Heul AMB, 2019 [34]
van Bruggen HW, 2016 [18]
Wadman RI, 2014 [23]
van Bruggen HW, 2011 [17]
Granger MW, 1999 [33]

Center for Neurologic Study Bulbar Function Scale (CNS-BFS)
Diadochokinesis (DDK)
Duration of “a"
Dysphagia Limit Test/volume swallowed at once
Functional Oral Intake Scale (FOIS) van der Heul AMB, 2022 [3] 1 1
Karaduman Chewing Performance Scale (KCPS)
Lip strength (IOPI)
Maximum voluntary bite force (MVBF) van Bruggen HW, 2016 [18]

Granger MW, 1999 [33]
Kruse T, 2020 [26]
Kruse T, 2020 [27]
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Mixing Ability Test van Bruggen HW, 2016 [18]
Neuromuscular Disease Swallowing Status Scale (NdSSS) Choi Y, 2020 [29] 1 1 1
Nijmegen Dysarthria Scale van den Engel-Hoek L, 2009 [20]
Observation list (fatigue, unsafe swallow, regurgitation of food, respiratory
system)

van der Heul AMB, 2020 [22] 7 1 1

Oral and Swallowing Abilities Test (OrSAT) Level of Impairment Berti B, 2021 [6] 1 1
Oral Feeding Skills (OFS)
Oral Mastication and Feeding Scale
Oral-Motor Feeding Rating Scale (OMFRS)
Passive Maximal Mouth Opening (pMMO) Morris E, 2020 [15]

van Bruggen HW, 2011 [17]
Quick Screen for Voice
Reading passage
Sucking pressures
Test of Masticating and Swallowing Solids (TOMASS) van der Heul AMB, 2022 [3]
Test of Masticating and Swallowing Solids pediatric version (TOMASS-C)
Time of feeding in 24 hours
Time to complete bottle feeding
Tongue strength (IOPI)
Viking Speech Scale
Voice volume
Volume consumed in 5 mins
Volume consumed in overall feeding
Inaccessible Objective Measures
Bolus residue scale
Cervical auscultation
Flexible Endoscopic Evaluation of Swallowing (FEES)
MRI of the temporomandibular joint and associated
muscles

Wadman RI, 2014 [23]

Penetration-Aspiration Scale (PAS) van der Heul AMB, 2020 [22]
Choi Y, 2020 [31]

Pharyngeal metrics
Pharyngeal residue IDDSI scale

(Continued)
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Table 3
(Continued)

Assessments of Bulbar Function Published Data in SMA Total Items Number of
Items Achieved
Consensus

Items Required
Modification for
Wording/
Clarification

Surface EMG of masseter, orbicularis, temporal, submental muscles van den Engel-Hoek L, 2009 [20]
Granger MW, 1999 [33]

Ultrasound of submental, masticatory, and tongue
muscles

van der Heul AMB, 2022 [3]

Video Fluoroscopic Swallowing Study (VFSS) Weststrate H, 2022 [25]
van der Heul AMB, 2022 [3]
Wadman RI, 2021 [24]
van der Heul AMB, 2020 [22]
Choi Y, 2020 [31]
Chen K, 2020 [29]
Cha T, 2010 [28]
van den Engel-Hoek L, 2009 [20]
van den Engel-Hoek L, 2008 [19]
Suzukia Y, 2007 [16]

Yale Pharyngeal Residue Severity Rating Scale
Patient-Reported Outcome Measures
Center for Neurological Study - Bulbar function Scale (CNS-BFS)
Child Oral and Motor Proficiency Scale (ChOMPS)
Developmental Speech Milestones 15 11
Diagnostic Questionnaire for Dysphagia and Dysarthria in (pediatric) Patients
with Neuromuscular Disease (DDD(p)NMD)

van der Heul AMB, 2022 [3] 41 11 2

Kooi-van Es M, 2020 [4]
van der Heul AMB, 2019 [34]

Drooling Impact Scale (DIS) Shoval HA, 2018 [43] 10 4
Eating Assessment Tool-10 (EAT-10) 10 4 4
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Egen Klassifikation Scale Version 2 (EK2) 17 1
Gothenburg Trismus Questionnaire (GTQ) 29 2 2
Infant & Child Feeding & Swallowing Tool
Intelligibility in Context Scale (ICS) 7 7 7
Jaw Functional Limitation Scale-20 20 9 9
Mandibular Function Impairment Questionnaire (MFIQ) van Bruggen HW, 2016 [18]

van Bruggen HW, 2011 [17]
Mouth Impairment and Disability Assessment (MIDA)
Nordic Orofacial Test - Screening (NOT-S)
Oral and Swallowing Abilities Test (OrSAT) D’Silva AM, 2022 [32] 13 6 2

Berti B, 2021 [6]
Parent assessment of swallowing ability (PASA)
Pediatric Eating Assessment Tool (PediEAT)
Pediatric Eating Assessment Tool-10 (PediEAT-10) 10 5 5
Pediatric Evaluation of Disability Inventory-Computer Adaptive Test
(PEDI-CAT)
Pediatric Voice Handicap Index (p-VHI) 23 6
Questionnaire for Feeding and Swallowing Difficulties in Spinal Muscular
Atrophy

Chen Y, 2012 [30] 17 3 3

Screeninglist Physician of the DDD-pNMD
Kooi-van Es M, 2020 [4] 9 5 4
Kooi-van Es M, 2020 [5]

Speech Handicap Index (SHI) 30 7
The M.D. Anderson Dysphagia Inventory (MDADI)
The Swallowing Quality of Life instrument (SWAL-QOL)
Visual Analogue Scale (VAS 0-10) to assess masticatory muscle pain and fatigue
Vocal development landmarks interview (VLDI)
Voice Handicap Index (VHI) 30 2
Voice Handicap Index-10 (VHI-10)
Expert Suggested (evaluation of swallowing domains including vomiting, food
refusal, satiation, incomplete bolus clearance, and saliva management
interventions)

6

Final Item Bank Total 95 40

Achieved Consensus . Required Modification for Wording/ Clarification .
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tion Oral Intake Scale-Great Ormand Street Version
achieved the majority of the higher proportion of
votes due to its utility across the age continuum as
well as concerns with the other scales having unclear
delineation of how to categorize patients and based
on wording.

Once all items were established, each was cate-
gorized into one of the five key domains of bulbar
function (Fig. 2) and item refinement commenced.
Workgroup members identified three age groups for
version development: 0 to <2 years, 2 to 12 years,
and >12 years. Based on age of administration, 79
items classified for caregiver administration and 71
items classified for self-report. Modification to word-
ing was determined to be required and completed
on 40 of the 95 items to aid in use across the age
continuum and in clarity.

DISCUSSION

This workgroup of multidisciplinary clinicians
with expertise in SMA bulbar physiology and func-
tion used a modified Delphi methodology to reach
consensus on assessments and items considered rel-
evant for SMA across all phenotypes and age groups
and organized into five domains. Given the avail-
ability of disease modifying therapies for SMA
there is a critical need for quality real-world data
regarding their effect on bulbar physiology and
function. Further validation studies are needed to sup-
port routine use of an internationally agreed upon
consensus-derived assessment of bulbar function for
inter-professional administration to enhance our abil-
ity to illuminate patterns of disease progression,
inform clinical management, and evaluate response to
therapies. To our knowledge, no previous works have
been made to derive expert consensus on the assess-
ment of bulbar function in SMA. The development of
an international SMA bulbar function assessment for
inter-professional administration can promote greater
availability and access of an assessment that evaluates
an important domain of clinical care for individuals
with SMA.

Our review of the SMA literature found numer-
ous published manuscripts that utilized a total of
21 bulbar assessments collectively applied in indi-
viduals with all SMA types and ages (Table 3)
[3–6, 15–33]. These included 16 ‘accessible’ or
‘inaccessible’ objective and five patient-reported out-
come measures. However, very few assessments were
reported to be individually utilized across the disease

spectrum with varying SMA phenotypes and across
all age groups [5, 23, 34].

Objective measures of bulbar physiology and
function offer a sensitive, valid, and reliable rep-
resentation of bulbar integrity without influence by
patient perception. In the current investigation objec-
tive measures were categorized as being accessible
or inaccessible based on their ability to be scaled
for international utilization. Specifically, assessments
were determined to be inaccessible for international
use if they required specialized training or equip-
ment for execution. For example, a videofluoroscopic
swallow study was categorized as inaccessible as it
requires specialized speech language pathology train-
ing and a videofluoroscopic suite, despite reported
use in SMA [3, 16, 19, 20, 22, 24, 25, 28, 29, 31] with
description of events [22, 31]. Other such inaccessi-
ble assessments used in previous SMA investigations
include MRI [23], surface EMG [20, 33] and ultra-
sound [3]. Despite the strongly appreciated benefits of
these tools, they were excluded from the assessment
battery due to their inability to be feasibly executed
internationally where clinical set-ups, resources, and
inter-professional supports vary widely. Emerging
technologies including wearable devices or remote
applications to assess bulbar function are becoming
increasingly more prevalent to allow for remote moni-
toring and assessment. Many of these are in the early
concept phase however, the ability to assess bulbar
impairment in different settings remains promising.

In contrast, we included those objective assess-
ments that were determined to be accessible for
widespread international utilization. These included
questions pertaining to oral intake status, assessment
of liquid intake, and measures of mandibular range
of motion that provided the benefits of sensitivity of
objective physiologic assessment while also enabling
feasibility for use across practice settings. Previous
studies in SMA have investigated performance [18],
endurance and efficiency of mastication [3], active [3,
15, 17, 18, 23, 33, 34] and passive [15, 17] mandibu-
lar range of motion, bite force [18, 26, 27, 33], oral
motor performance and dysarthria [20], and classifi-
cation scales of functional oral intake status [3, 6, 31].
An important distinction to make is that these accessi-
ble assessments are not meant to be a replacement for
the inaccessible assessments when available. Instru-
mental assessments such as the videofluoroscopic
swallow study are crucial in the identification of
internal physiologic deficits as research in untreated
patients with SMA indicates profound physiologic
swallowing impairments would often go unnoticed



S. Dunaway Young et al. / International SMA Bulbar Assessment 649

by caregivers and common clinicians due to high
rates of silent aspiration [13]. Of equal importance
is the value that these instrumental assessments pro-
vide in identifying the underlying muscle groups
that should be targeted for therapeutic swallow-
ing interventions through the execution of varying
oropharyngeal and respiratory maneuvers that target
improvement in neuromuscular strength and control.
Such interventions have been found to be effective
at improving physiologic and functional swallowing
deficits in patients following stroke [35–39], with
Parkinson’s disease [40], amyotrophic lateral sclero-
sis [41], or presbyphagia [42]. Another intervention in
SMA includes botulinum toxin injection into the sali-
vary glands, a procedure still sometimes performed
to control excessive oral secretions [16, 43]. When-
ever available, clinical teams are encouraged to use
both routine clinical and instrumental assessments
with the collaboration of experts in bulbar physiology
and function to provide a thorough understanding of
integrity. Future work developing standardized add-
on modules to guide this assessment when deficits are
identified in the primary questionnaire is warranted
to promote the standardization of thorough and sen-
sitive assessments capable of detecting more subtle
changes.

The second category of questions we included are
those pertaining to patient-reported outcomes. These
are essential in understanding specific needs and
goals of the individual with SMA and/or caregiver
and can deliver unique person-focused information.
Published literature in SMA have included question-
naires to identify feeding and swallowing problems
[3, 5, 30, 34], including screening for signs of dyspha-
gia and dysarthria [4, 5], to document impairments of
the function of the masticatory system [17, 18], and
to record oral abilities, swallowing and feeding in
young type 1 SMA patients [6, 32]. Our methodology
for the final consensus-derived item bank recognized
key areas of bulbar function where the patient experi-
ence would be critical to evaluate bulbar impairment.
Experiences of dysarthria, speech intelligibility, and
gaining developmental speech milestones were iden-
tified as important aspects to assess globally in SMA.
Experts’ consensus also found oral facial structure
and motor strength, including jaw functioning, chew-
ing, fatigability, dysphagia and swallowing abilities,
and the impact of drooling from the patient expe-
rience to be integral as well. Further research into
how these patient-reported outcomes reflect physio-
logic integrity are desperately warranted. In contrast
to gross and fine motor function, where an individ-

ual can visually compare their ability to perform
a task compared to peers, the internal nature of
many bulbar functions makes comparing integrity rel-
ative to peers, and therefore perception of deficit,
more difficult. Further, the gradual degradation of
function that often starts at a very early age likely
facilitates an ‘acclimation’ both reducing a patient’s
perception of impairments as well as inadvertent
modifications to activities of daily living that limit
the individual’s need to perform at maximum capac-
ity. For example, if an individual has profound
dysarthria that greatly limits their intelligibility by
unknown listeners, but spends the majority of their
time with their caregiver who has learned their unique
communication methods, they may not perceive a sig-
nificant burden. Patients’ perception of their deficits
is also likely to evolve over time as social expec-
tations change with age and across environments.
In other populations of children with congenital
motor speech disorders (e.g., cerebral palsy), reduced
speech intelligibility has been shown to have neg-
ative impacts on participation and quality of life
throughout childhood, with increasing social impacts
reported during adolescence [44]. Research under-
standing patients’ priorities for maximizing their
participation in life activities is critical as the field
moves forward and determines how to approach
rehabilitation.

Though the majority of accessible objective and
patient-reported assessments were selected from pre-
viously established bulbar assessments, six of the
included items were developed within our workgroup
after determination that there were gaps of relevance
to SMA. These areas included evaluation of swal-
lowing domains including vomiting, food refusal,
satiation, incomplete bolus clearance, and saliva man-
agement interventions.

Given the rapidly growing landscape of literature,
it is feasible that validated assessments of bulbar
function may have been mistakenly omitted. It is
the hope that our multidisciplinary clinical repre-
sentation from the USA and Europe provided a
comprehensive perspective for the assessment of bul-
bar function in SMA which included speech and
language therapists, physical therapists, neurologists,
occupational therapists, and a dentist. It is conceiv-
able that participants may have had possible bias in
the selection of assessments and items from their clin-
ical experience and practice. The virtual conferences
following the voting rounds allowed clinicians to dis-
cuss results and share feedback to account for the
varying degrees of practice and clinical experience
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and support an open forum to discourse merits and
irrelevance.

Additional work is needed to incorporate patient
and caregiver perspectives as well as input from
patient organizations and industry partners to sup-
port face validity. Cognitive interviews will ensue
to confirm understanding and appropriateness of
individual items, strength of responses, and meaning-
fulness of the patient as well as help recognize gaps
in the assessment of bulbar function. Future steps
include piloting the assessment internationally mov-
ing towards validation, reliability, and responsiveness
of the new scale. Establishing the psychometric
properties will be critical to help screen and recog-
nize individuals with SMA in need of interventions
for their bulbar function impairments. Real-world
data collection of bulbar impairment in SMA from
international data pooling through partners will aid
in optimizing data quality and establishing clinical
meaningfulness.

This workgroup will support the advancement of
assessing bulbar function in children and adults with
SMA by a variety of health professionals and lay
a foundation towards understanding bulbar function
impairment and providing evidence-based care. This
effort could improve the screening and identifica-
tion of early onset bulbar impairment and advance
the availability of clinical services and interventions.
This assessment will continue to be refined with the
hopes to capture what is meaningful for individuals
with SMA.
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