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Abstract

Ultrasound (US) has an emerging evidence base for the assessment of swallowing and laryngeal function. Accessibility and
technological advances support the use of US as a clinical assessment tool; however, there is insufficient evidence to sup-
port its translation into clinical practice. This study aimed to establish consensus on the priorities for translation of US into
clinical practice for the assessment of swallowing and laryngeal function. Nominal Group Technique (NGT) was used as a
formal method of consensus development. Clinicians and academics, all members of an international US working group,
were invited to participate in the study. Two NGT meetings were held, where participants silently generated and then shared
ideas. Participants anonymously ranked items. Rankings were aggregated before participants re-ranked items in order of
priority. Discussions regarding rankings were recorded and transcribed to inform analysis. Member-checking with participants
informed the final analysis. Participants (n = 15) were speech and language pathologists, physiotherapists and sonographers
representing six countries. Fifteen items were identified and prioritised 1-13 (including two equally ranked items). Reliabil-
ity, validity and normative data emerged as key areas for research while development of training protocols and engagement
with stakeholders were considered vital to progressing US into practice. Analysis revealed common themes that might be
addressed together in research, in addition to the ranked priority. A measured approach to the translation of US into clinical
practice will enable effective implementation of this tool. Priorities may evolve as clinical and professional contexts shift,
but this study provides a framework to advance research and clinical practice in this field.
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Introduction

Ultrasound (US) has an emerging evidence base for the
assessment of swallowing and laryngeal function [1]. Early
research identified the ease with which anatomical land-
marks and soft tissues of the upper aerodigestive tract could
be identified using US [2]. Since then, US has been vali-
dated as a tool to assess the size and structure of the mus-
cles involved in swallowing [3-5], offering an opportunity
to assess impairment at an anatomical level. It has also been
applied to the evaluation of swallowing and laryngeal kin-
ematics, in particular the assessment of vocal fold movement
[6, 7], tongue and posterior pharyngeal wall movement [8,
9], opening of the upper oesophageal sphincter [10], dis-
placement of the hyoid [11-15] and thyrohyoid approxima-
tion [16, 17].

The advantages offered by ultrasound for the assessment
of swallowing and laryngeal function include its accessibil-
ity, portability, lack of radiation and low levels of patient
invasion which make it suitable for prolonged or repeat
examinations, as well as hard-to-reach patient groups [18].
Recent research exploring manual versus automatic track-
ing of swallowing-related movements indicates potential for
more efficient analysis of US images and improved clinical
utility [19]. The emerging evidence that supports the use of
US to detect bolus residue and aspiration may also extend its
range of potential applications in the clinical setting [20-22].
Technological advances in US imaging quality [23], and
increasing accessibility and portability of US devices [24,
25], further support the rationale to determine the optimal
approaches for effective implementation of US into clinical
practice that are sustainable and evidence-based.

The application of US as a diagnostic tool to guide thera-
peutic swallowing and laryngeal intervention remains under-
explored. A recent rapid review in this area [1] indicated the
need for further research prior to translation of US into clini-
cal practice for this purpose. Other professional groups have
started to translate US as a clinical evaluation tool [26-28]
but a lack of sufficient evidence has hindered implementa-
tion [29]. Parallels can also be drawn within the dysphagia
community when reflecting on the implementation of exist-
ing clinical instrumental evaluation tools, specifically Endo-
scopic Evaluation of the Larynx (EEL), Flexible Endoscopic
Evaluation of Swallowing (FEES) and Videofluoroscopic
Swallowing Studies (VFSS). Despite being the tool(s) of
choice for dysphagia evaluation [30, 31], heterogeneity of
protocols, outcome measures and lack of reliability have
beleaguered clinical practice and impacted patient care [32].
More recent development of standardised and validated pro-
tocols for FEES and VFSS has enabled clinicians to become
more effective in formulating clinical management plans
[33-35]. A systematic approach to translation of US into

dysphagia assessment practices acknowledges these limita-
tions and will assist with the implementation of US in a
logical and appropriate way.

Translating US into Clinical Practice

Implementation science [36] represents one possible
approach to facilitating integration of US into clinical prac-
tice. It offers a rigorous, structured and evidence-based
methodology to implement a technique into regular use by
clinicians, as well as taking into account elements that may
limit its acceptance [37]. This balance between research and
practice encourages the consideration of facilitators and
mitigation of barriers which may be key to the implemen-
tation of US for the purpose of swallowing and laryngeal
assessment. This is particularly relevant due to the complex
and heterogeneous environments in which clinicians work,
including different policy contexts, organisational systems,
and professional domains.

Normalisation Process Theory (NPT) is a theory of
implementation science, offering a structured approach
to the normalisation of US as an evidence-based clinical
assessment tool [38]. NPT considers clinical contexts, cli-
nicians and practices to understand the translational gap
between evidence, policy and practice, and is often used in
healthcare settings [39, 40]. Prior to normalisation of US as
an evidence-based clinical assessment tool, there are a broad
range of topics (or items) that require further investigation
[1, 18]. Even though many such understudied US topics have
been identified, there is little guidance as to which are the
most important or necessary. Without this information, the
translational gap between evidence and practice cannot be
understood. Consensus methods can help prioritise work to
support systematic translation of US into clinical practice
[41].

The development of prioritised agendas is highly relevant
to healthcare research. The World Health Organization and
groups such as the James Lind Alliance provide opportuni-
ties for patients, clinicians and researchers to come together
to identify evidence uncertainties and generate research
priorities across many aspects of healthcare [42, 43]. Pri-
oritised agendas have been applied to the development of
a research programme by people with aphasia [44] and the
identification of a core outcome set for researchers working
in this area [45]. Consensus-building informs research com-
missioning and ensures that funders are aware of the issues
that matter most to the people to whom the research applies.
A prioritised agenda enables us to do the “most good” with
limited resources. It does not introduce new information
but quantifies the level of uncertainty of the topics that are
priority-ranked [46].
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The International US Working Group

In response to the translational gap between evidence and
practice, a group of clinicians and researchers identified a
need to develop a prioritised research agenda to support the
translation of US into clinical practice for the assessment
of swallowing and laryngeal function. This international
working group formed in Spring 2020 when restrictions
related to the novel coronavirus Sars-Cov-2 limited access
to more established clinical imaging tools due to infection
risk [47]. Members of the group have a mutual interest in
the clinical utility of US for the assessment of swallowing
and laryngeal function. The group’s objective is to motivate
further research via collaboration between clinicians and
researchers. They identified a need to undertake this con-
sensus study to inform the prioritised research agenda for
the implementation of US into clinical practice.

Methods
Study Design

To gain a comprehensive understanding of the relevant
needs associated with translating US into clinical practice,
a qualitative research method was identified as appropriate.
Nominal Group Technique (NGT) is a structured method of
generating ideas, devising solutions and producing recom-
mendations for best practice [48, 49]. It encourages equal
contribution from participants and enables collaboration
between a mix of professional groups. It has been exten-
sively reported in the healthcare literature as a method of
synthesising expert opinion, particularly in the absence of
published data relating to a subject [41, 50]. NGT has suc-
cessfully been used to enable clinicians, researchers and
patients to work collaboratively to develop a prioritised
agenda to drive profession-specific research in health [51].
NGT methods were specifically selected to provide equity
in participants’ contributions, enabling people to contribute
in a structured and systematic way [49].

The study was given ethical approvals by the Human Eth-
ics Committee, University of Canterbury, New Zealand (Ref
HEC 2021/12/LR-PS). Work undertaken for this study has
been reported using the Consolidated Criteria for Reporting
Qualitative Research (COREQ) [52].

Participants

A purposive sampling strategy was used, whereby partici-
pants were recruited from the international US working
group of experts who represented multidisciplinary clinical
professionals with an interest in US, and who identified the
research gaps. The group was established in April 2020 and
formed through practical and/or theoretical interest in US.
The group comprises eighteen members from four profes-
sional groups and seven different countries. A core aim of
the group has been to collaboratively advance an US prior-
itisation agenda with structure and rigour. All group mem-
bers were invited verbally and via email to participate in the
NGT process if they considered their own experience and
ability to respond to the research question as appropriate.
The invitation was not extended outside of the international
group as the group size and range of expertise were consid-
ered sufficient to meet the research aims and requirements
of NGT methodology. NGT participants provided written
consent and demographic details pertaining to their profes-
sion and highest academic qualification, years of clinical
and dysphagia practice, practical experience of US, patient
cohort and country of work.

Developing the Research Question

The rapid review [1] helped to identify broad target areas for
future research. With this in mind, a subgroup of the inter-
national US group refined the research question to ensure
it met the study aim and was clear and well-defined for the
purpose of the NGT process [53].

Once the question had been agreed by the subgroup, it
was refined by the wider membership and agreed on a-pri-
ori 1 month before embarking on the NGT process. The
final question was sent out to participants 2 weeks before
stage one of the NGT process. Participants were instructed
to spend time thinking about the research question but not
research or generate any written responses in advance of
the meeting.

The question was designed to encompass both swallow-
ing and laryngeal function as it was hypothesised that those
areas share the same requirements for translation into clini-
cal practice (Fig. 1).

Fig. 1 NGT research question

‘What is required to translate the use of US into speech and language pathology

practice for the purpose of laryngeal and swallowing assessment?’

@ Springer
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Fig.2 Nominal group technique process for US consensus recommendations

Nominal Group Technique Process

The NGT process comprised a two-stage ranking process
commencing with a 90-minute online group session (stage
one), followed by email consultation (stage two). Partici-
pants were divided into two groups (A & B) for stage one
to allow people across different time zones to participate.
Each meeting lasted 90 minutes and was held on a video
conferencing platform (Zoom). Groups were facilitated by
a researcher experienced in NGT processes in line with
guidelines for conducting NGT meetings [54]. The central
topic guide was agreed in advance by the research team (see
supplementary file 1). All meetings were recorded. A third

stage was added, whereby member checking included the co-
development of a visual representation of the study results.
Figure 2 provides an overview of the NGT process.

Stage one: Item Generation and Initial Ranking

At the start of the session, participants were reminded of
the NGT process by the facilitator. The research question
was presented (see Fig. 1) and participants were given
10 minutes to silently generate written ideas in response.
In line with NGT methods, each participant in turn was
asked to present an item from their list of ideas, using a
‘round robin’ approach, until all lists had been exhausted.
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Generated items were captured on a shared PowerPoint
slide. Participants were then provided 10 minutes to
silently identify and rank the eight items they considered
most important by placing a number from 1 to 8 to reflect
which is most important (8) and least important (1). Par-
ticipants emailed their ranked items to the facilitator to
maintain anonymity and reduce bias during the ranking
process. Participants were invited to provide written jus-
tification for their ranking, plus any additional comments.

Following the online meeting, scores were aggregated
by the facilitator to generate a list of items per group. The
list provided information on scores and the group mean
ranking for each item. As per guidelines, items describ-
ing the same ideas from the two groups were merged and
scores combined, following discussion and agreement
between two topic experts [54].

Stage Two: Re-Ranking to Generate Consensus
Recommendations

The ranked list from stage one was emailed to all partici-
pants 5 days after the completion of stage one. Participants
were asked to review the list and identify and rank the eight
items they considered to be of most (8) to least (1) impor-
tance to the research question. To maintain anonymity
within the international group, participants were asked to
return their responses to the independent facilitator by email.

The facilitator again aggregated scores to generate the
final priority list of the sum scores. The list was presented
to the participants at a consequent group meeting for mem-
ber checking [55]. These discussions were recorded and
transcribed by the lead author for review. Any data relat-
ing to NGT rankings were extracted from the transcription
and used to define each NGT item. Comments and reflec-
tions on the ranking process were also extracted. During this
discussion participants identified items they felt had been
represented more than once, but that represented the same
concept. Participants discussed and unanimously agreed on
the subsequent merging of items.

Stage Three: Co-Development of a Visual Representation
of NGT Items

Items were grouped into categories and presented to NGT
participants by the lead author. Six different diagrammatic
representations demonstrating the relationships between
items and their categories were also presented. All partici-
pants were invited to critique these diagrams and co-develop
a final figure.

@ Springer

Table 1 Demographics of NGT group (n=15)

Participants
(n=15)

Professional background
SLP 13
Respiratory PT 1

—_

H&N sonographer
Country of current practice

England

Scotland

Netherlands

Switzerland

New Zealand

United States of America

—_ N = = = O

Professional qualification
PhD
MSc/MRes
PGDip
BSc

W D W W

Results
Participants

Of the 18 members of the international group invited to par-
ticipate in the study, 15 were able to take part. One did not
feel they met the inclusion criteria and two withdrew from
the study due to personal circumstances.

Group A comprised seven participants, all speech and
language pathologists (SLPs). Group B comprised eight par-
ticipants, six SLPs, one respiratory physiotherapist and one
head and neck sonographer. Professional affiliation, country
of practice and qualifications of the group are presented in
Table 1.

All but one participant specialised in adult care. Clini-
cal experience of the group ranged from 6.5 to 41 years,
median 16 years. Years of dysphagia practice among SLP
participants ranged from 5 to 39 years, median 15 years.
The sonographer and physiotherapist had no experience in
dysphagia management. All but one member of the group
had practical experience of US.

NGT Rankings

In stage one, Group A generated 23 items and Group B 36
items for individual ranking. Following the ranking process
and merging of similar items the initial list comprised 28
items. A list of all generated items from each group can be
viewed in supplementary file 2.
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Table 2 Items required to translate the use of US into SLP practice
for the purpose of laryngeal and swallowing assessment

Rank Item

Reliability

Normative values

Discriminant validity

Criterion validity

Training protocols and competencies
Measurement and interpretation
Standardised assessment protocols
Equipment specifications and settings

O 00 9 N LBt AW N~

Understanding of swallowing movements in an US image
10 Evidence to support clinical utilisation

=11 Resourcing

=11 Infrastructure and ‘buy-in’

=12 Recognition and guidance from professional bodies

=12 Multi-professional input

13 Patient and public involvement

=represents items of equal ranking

After the re-ranking process in stage two, the list com-
prised a total of 21 items. Of these, 10 items were merged
resulting in a final list of 15 items, ranked 1-13 with two
items having received equal ranking. These final rankings
are presented in Table 2.

The following descriptions summarise the discussions of
study participants in relation to each item.

Reliability (Rank 1)

The highest ranked item related to the theme of reliability
under which a range of items were raised, specifically, the
establishment of test—retest reliability and inter- and intra-
rater reliability in data acquisition including scanning, image
selection and measurement. Participants noted the need for
reliability among online and offline measurements as well as
automated and manual measurements. Participants acknowl-
edged that reliability may differ depending on the population
sample and therefore expressed the need to establish reli-
ability in both healthy and patient groups.

Normative Values (Rank 2)

Establishment of ‘normal’ values for the biomarkers repre-
senting swallowing and laryngeal function was described as
requiring the acquisition and measurement of biomarkers in
healthy participants to generate normative data. These data
will need to capture the variation in normal function with
age and across different swallowing conditions (e.g. bolus’
of different size and texture) and will serve as a reference
value from which to judge disordered function. Participants

recognised that some measurements may not be significantly
different in patient and healthy populations, as normal values
can have a broad distribution. The ability to detect differ-
ences between normal and disordered function also relates
to discriminant validity (item 3). It was also acknowledged
that, for patient groups, deviation from ‘normal’ values may
carry greater clinical risk due to associated health issues.
The importance of understanding the clinical significance of
abnormalities was highlighted. Participants also commented
on the potential for disconnect between measurements used
for research versus clinical practice and noted the need for
US measurements to be practical and achievable in the clini-
cal setting.

Discriminant Validity (Rank 3)

Discriminant validity was defined as an understanding of the
sensitivity and specificity of US measurements for detecting
the conditions of concern, for example, the ability to accu-
rately diagnose the presence versus absence of aspiration,
disordered vocal fold movement or (subtype of) dysphagia.
Participants also felt it important to understand the smallest
unit of difference that US can measure to capture changes in
swallowing or laryngeal function. These changes may relate
to function pre- and post-intervention or progression of a
condition over time. Participants recognised that the estab-
lishment of discriminant validity related to the reliability of
image acquisition and measurement (item 1) and will also
support the selection of biomarkers (item 2) for swallowing
and laryngeal assessment. Discriminant validity will also
help to define the selection of patient populations in which
US assessment can be used. Participants also stated that
establishment of discriminant validity will enable decisions
about how US can be used in clinical practice, for example
as a diagnostic, screening or monitoring tool.

Criterion Validity (Rank 4)

Criterion validity was defined as the need to understand if
and to what extent US provides similar information to exist-
ing instruments of choice. The group agreed that the existing
tools for comparison are VFSS and FEES for swallowing
assessment and EEL for evaluation of laryngeal function.
Training Protocols and Competencies (Rank 5)

Several items were proposed for possible inclusion into
training protocols, with the aim of ensuring safety and gov-

ernance. These included:

e astatement on the operator’s scope of practice
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e adescription of the knowledge and skills required to per-
form US for the purpose of swallowing and laryngeal
assessment

e minimum standards for competence

e guidance on who delivers the training (including the
skill-level of the trainer and trainee)

Participants agreed that training should provide an under-
standing of US technology (see item nine) and the possibil-
ity of including material to support documentation of the
above was also raised.

Measurement and Interpretation (Rank 6)

Current variation in approaches to measurement (and inter-
pretation) challenge measurement reliability (item 1) and
the establishment of standard measurement. The approach
to measurement or interpretation depends on the purpose for
which US is used. For example, muscle US requires differ-
ent measurement approaches to those used for measurement
of swallowing biomechanics or symptoms. Measurement
and interpretation of images directly relates to discrimi-
nant validity (item 3). It was acknowledged that biomarkers
(e.g. vocal fold or hyoid movement) could be interpreted by
the operator without measurement; however, more refined
assessment requires measurement. Even with measurement,
the information will require contextualising and interpreting
(see discussion under item 2). Participants suggested that
practice should be standardised via the introduction of pro-
tocols, rating tools or measurement algorithms. Participants
discussed that such protocols would make US time-efficient
for clinical practice but acknowledged the need for further
research in this area.

Standardised Assessment Protocols (Rank 7)

Standardised assessment protocols may include descriptions
of patient criteria and rationale for the US assessment, as
well as selection of equipment (see item 8). Specification
of probe position and bolus types for assessment was also
considered important, as was the need to specify the record-
ing parameters for each aspect of swallowing or laryngeal
function.

NGT participants recognised that the protocols for US
assessment may differ according to the setting requirements
(e.g. clinical versus research settings). As per item 2 (norma-
tive values), the need for a practical and accessible protocol
in the clinical setting was highlighted, including the need for
the protocol to be applicable to as many patient populations
as possible.

@ Springer

Equipment Specification and Settings (Rank 8)

Specification of the minimum technical requirements and
recommendations for sufficient US image quality was sug-
gested as one possible approach to enabling US operators
to make appropriate selection of US devices and settings.
These specifications should include a description of which
device, probe, and settings to use. There was acknowledge-
ment that this would vary depending on the purpose of use.
For example, assessment of muscle and soft tissue structures
for swallowing will require a device where image optimisa-
tion could be turned off and probes could be hand-held or
placed in a headset. The need for further research to under-
stand and guide the practicalities of image set-up and acqui-
sition (see item7) was acknowledged by participants.

Understanding of Swallowing Movements in an US Image
(Rank 9)

To translate the use of US into clinical practice, there needs
to be a greater understanding of how to read and interpret
US images of head, neck and swallowing anatomy and phys-
iology. There is overlap in scope between this and previous
items, particularly training and competency development
(item 5), since this item would need to include training to
understand US technology, devices, and settings.

Evidence to support clinical utilisation (Rank 10)

Evidence to support the use of US in clinical practice for
swallowing and laryngeal assessment is necessary. One sug-
gestion for generation of such evidence included research
focussed on clinical translation, such as understanding the
clinical environment in which US can be used and the limita-
tions and benefits of US when used for this purpose. Another
suggestion included the development of a clinical database
of images to enhance practice-based evidence. Participants
also suggested development of a core outcome set to help
establish the impact of clinical implementation, which would
enable clinicians to assess the impact of introducing US
within their service. Participants raised the need to keep up
to date with the latest ‘good practice’ in those clinical speci-
alities already using US to help inform implementation and
innovation for this unique purpose.

Resourcing (Rank 11)

Resourcing includes support from managers and service pro-
viders, including health organisations (see item 12). Exam-
ples of resources generated by the group included equipment
and consumables such as US devices, servicing contracts,
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physical space and funding. This item was ranked jointly
with infrastructure and buy-in (below).

Infrastructure and Buy-In (Rank 11)

The specific requirement for buy-in from managers and com-
missioners was identified as a separate but equally ranked
item to resources. Examples of ‘buy-in’ generated by par-
ticipants included authorisation from the relevant clinical
department to develop a business case for the use of US.
This will also require implementation support and recogni-
tion within the wider organisation. Participants commented
that research projects demonstrating the utility of US (item
10) will support business cases.

Recognition and Guidance from Professional Bodies (Rank
12)

The involvement of professional bodies to ensure that the
extended scope of practice for operators using US for the
purpose of swallowing and laryngeal assessment was recog-
nised by participants and ranked in jointly with multi-pro-
fessional input (below). This is consistent with the approach
taken when other swallowing and laryngeal assessment

Fig.3 Visual representation of
NGT results

2

Measurement
& Interpretation
(6)

gakenolder Engagemen,

Equipment
settings (8)

tools, such as FEES and laryngoscopy, were adopted into
clinical practice.

Multi-Professional Input (Rank 12)

The roles and responsibilities of different multidisciplinary
professionals involved in using US to assess swallowing and
laryngeal function was raised by participants as an item that
needed elucidation to support the translation of US into clin-
ical practice. Along with SLPs, participants defined other
key professional groups as including engineers and radiolo-
gists. They also raised the need to decide whether US assess-
ment can be conducted by uni-disciplinary professionals or
required interdisciplinary skills. Participants highlighted
that the level and combination of skill(s) required by the
US operator needed to be determined to clarify the scope of
practice for SLPs (see item 5).

Patient and Public Involvement (PPI) (Rank 13)

During the member checking process, it was agreed by
consensus to use the INVOLVE definition of PPI [56].The
statement focusses on the key values of PPI: respect, sup-
port, transparency, responsiveness, fairness of opportunity

Training &
Protocols

Standardised
Protocols (7)

%8

Evidence
Base &
Metrics

.Understanding
the US image

(9) *

(@)
Training
Protocols (5)

Matching symbols represent linked

items 3¢ % ¢ @
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and accountability which were all considered foundational
for the translation of US into clinical practice. The group
acknowledged while PPI was ranked in the final position,
this did not reflect the overarching necessity of patient-
public engagement to the success of US implementation.

Below is a representation of the results which depicts
the overarching themes and relationships between NGT
items. The co-developed figure represents the three main
categories of work that the NGT items can be considered
within. These categories are stakeholder engagement (blue
band), training and protocols (yellow band), and evidence
base and metrics (green band). Each item is represented
by a rectangle within these categories. The shape(s) within
the rectangle represent the relationships between items.
The cross represents links between reliability, discriminant
validity, criterion validity and standardised protocols. The
diamond represents the links between discriminant validity
and measurement and interpretation. The star represents
links between standardised protocols and evidence to sup-
port clinical use of US. The circle represents the links
between training protocols, understanding the US and
multi-professional input. Numbers in brackets represent
the original ranking of each item (Fig. 3).

Discussion

The aim of this study was to identify the elements required
to translate the use of US into clinical practice for the
purpose of laryngeal and swallowing assessment. Partici-
pants identified a high-priority need to establish reliability
and validity of US data acquisition and measurement, plus
establish normative values to serve as a reference from
which to diagnose disordered function. These items are not
stand-alone and relationships between items are not lin-
ear. For example, reliability and validity of laryngeal and
swallowing assessment may be viewed as interdependent
issues. While US data acquisition may be reliable without
being valid, validity requires that measures are acquired
consistently [57-59]. Thus, studies may explore both
validity and reliability at the same time. Further, reliable
and valid assessment is related to assessment protocols and
equipment selection; for example, reliability and validity
may be impacted by the choice of US device. While there
are some data to suggest that standard-sized US equipment
may provide reliable and valid swallowing measures [5,
12, 16], this could not be confirmed for pocket-sized tech-
nology [24, 60]. The method of data acquisition, such as
the use of hand-held versus fixed transducers, may further
affect reliability [61, 62]; as might variability between dif-
ferent data collection settings, for example, data collected
in the clinical versus research environment. The relation-
ships between reliability, validity and the assessment

@ Springer

protocol are reciprocal. An increased understanding of
both reliability and validity is required to clarify which
data acquisition procedures are most accurate for the
assessment of laryngeal function and swallowing param-
eters. This needs to be combined with robust reproduc-
ibility between operators to enable clinicians to use US
accurately and consistently.

The necessity for adequate reliability also relates to
discriminant validity. For example, binary assessment of
vocal fold function (i.e. presence versus absence of move-
ment) is most often used to diagnose vocal fold palsy
[1, 6]. When a linear probe with an appropriate range of
frequencies is used, US shows reasonable sensitivity and
good specificity for this purpose. However, binary assess-
ment is not sufficient to develop tailored swallowing or
voice therapy programmes. To derive meaning from the
assessment of swallowing or laryngeal function, a greater
range of quantitative information is required. Potential
biomarkers for vocal fold movement include measure-
ment of the inter-arytenoid distance, the glottic area, or
glottic angle at the point of full vocal fold abduction and
adduction [63, 64]. While preliminary data exist for the
healthy pediatric and young adult (< 30 years) populations
with respect to muscle thickness and echo intensity of the
submental and tongue muscles [3, 65], and hyoid bone
movement in healthy young [66] and ageing adults [15],
no normative data exist to support the assessment using
the vocal fold biomarkers described above. An essential
requirement for using US as a diagnostic, rather than a
screening or biofeedback tool, is its ability to discrimi-
nate between clinically significant changes. Discriminant
validity is therefore important to define the boundaries for
reliability and relies on the existence of normative data for
comparison.

A link between reliability assessment and development
of training protocols was also identified as part of the NGT
process. Intra- and inter-operator reliability is dependent on
the expertise and experience of the US operator. Operator
training has shown to improve the reliability in the measure-
ment of static images [67] and an association between reli-
ability and operator skills has been documented for proce-
dures including VFSS [68], high-resolution manometry [69]
and muscle US data acquisition by physiotherapists [70].
The relationship between reliability and training is, however,
reciprocal, and reliability data are required to determine the
necessity and content of training protocols [60].

Translating NGT Items into Clinical Practice

The items in this study represent priorities related to both
primary research and clinical practice. This ‘bench to bed-
side’ continuum provoked debate among NGT partici-
pants and discussions ensued as to whether the research
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and clinical practice components should be separated. The
research question was developed with the expectation that
ideas would be generated across the research and clinical
continuum, therefore a decision was made to preserve the
original rankings since this is a true representation of the
translational research continuum [71]. A close relationship
between clinicians and researchers has proven to enhance the
potential for translation into practice [72]; however, imple-
mentation needs to be robust and systematic.

Implementation science methodology, such as NPT,
offers a structured approach to the normalisation of US as
an evidence-based clinical assessment tool [73] and is a fea-
sible next step towards progressing US as a tool for clinical
swallowing and laryngeal assessment. To be successful, it
will require a thorough evaluation of the barriers and ena-
blers [74] but the grounding provided by this priority-setting
exercise gives clear direction towards the next steps in the
process. In the context of NPT, the NGT prioritisation exer-
cise fulfils the initial step of sense-making (coherence) [38].
The NGT exercise and previous rapid review have laid the
groundwork in defining the intervention (US) and the con-
text (clinical practice) where implementation is required.

A practical way of progressing the implementation of US
using the NPT approach would be to begin training cohorts
of SLPs in the applied aspects of US technology to acquire
images of anatomical structures in the head and neck.
This would allow SLPs to develop practical skills (item 5)
without focussing on the more complex competencies of
biomechanical assessment and diagnosis while capturing
practice-based data to fulfil items 1-4 of the NGT process.
Qualitative research such as focus groups or interviews could
be conducted in parallel with clinician-training to determine
the opinions of dysphagia practitioners and other stakehold-
ers about the barriers and facilitators to using US in clinical
practice. This process of action, alongside in-depth appraisal
of the intervention would allow the “implementation poten-
tial” of US to be fully explored and maximise its chances
for successful translation into practice to benefit clinicians,
researchers and patients [38].

NPT offers an alternative approach to implementation
used by other professional groups such as physiotherapists
who have taken a more applied approach to the implemen-
tation of US for clinical assessment purposes. For example,
the focus in thoracic US has been to develop practice-based
evidence, prior to the advancement of psychometric data.
This has led to enthusiastic adoption of US into critical
care and respiratory physiotherapy services [75-77]; how-
ever, the lack of formal research evidence is now consid-
ered a barrier to implementation and acceptance of US for
this purpose [29]. There is an opportunity to avoid this
conflict by implementing swallowing and laryngeal US into
clinical practice in a systematic and evidence-based way,
using lessons learned from other professional groups and

previous implementation of assessment tools in the SLP
profession.

The implementation process can be expedited using
the knowledge and understanding gleaned from this study.
More specifically, the work needed to address the ranked
items in this study does not always need to be undertaken in
chronological order. Completing aspects either in parallel or
via a cyclical approach will advance the translation of US
into practice as quickly as practicable. For example, results
emphasise the importance of having assessment and analy-
sis protocols (items 6—8), particularly for equipment and
settings. Establishing such procedural aspects will, in turn,
improve inter-and intra-operator reliability (item 1) [78, 79].
A better understanding of the clinical environment in which
US will be used (item 10) will also facilitate an understand-
ing of gaps that may exist between reliable assessment in the
research setting versus the clinical setting. This will support
the development of clinically realistic and achievable proto-
cols (items 6 & 7). Implementation of US as a swallowing
or laryngeal biofeedback (therapy) tool may mitigate the
requirement for diagnostic values [80]. This alternative use
may also enable US to be transitioned into clinical practice
sooner, while primary research continues. The precedent
for this has already been established in the field of US and
developmental speech disorders [81].

Study Limitations

There is an inherent risk of bias in any priority-setting pro-
cess driven by expert consensus. Study participants had
differing levels of familiarity and experience which could
have led to, for example, bias due to more experienced
experts taking the lead in priority setting [82]. The use of
NGT methodology minimised bias that would have arisen
from a less structured approach and has enabled efficient
and rigorous development of a prioritised agenda [83].To
minimise facilitator-driven bias, an NGT facilitator with no
prior knowledge of the US topic was recruited. This lack
of topic knowledge resulted in NGT participants merging
items from groups one and two after stage one of the NGT
process. Bias was minimised via agreement of merged items
with a second participant. The facilitator did not take field
notes during the NGT process though evidence to support
understanding was provided by meeting transcripts and
email responses from participants to the facilitator. Mem-
ber-checking enabled greater richness of perspectives and
ensured that results reflected participants’ views as closely
as possible. Participants were only recruited from the inter-
national working group. Since the inception of this group,
members have been recruited via a snowball approach to
ensure wide representation. The inclusion of an experienced
head and neck sonographer and US physiotherapist ensured
the inclusion of perspectives from non-dysphagia trained

@ Springer



1596

J.E. Allen et al.: Translating Ultrasound into Clinical Practice

professionals with more advanced skills in US practice. It
is possible that representation from dysphagia-practitioners
outside of SLP, such as gastroenterologists and otolaryn-
gologists, may have generated additional items and increased
the applicability of this study.

It is not the remit of NGT methodology to benchmark
ranked elements with the existing evidence base. Reviews
of current evidence are readily available in the published lit-
erature [1, 18, 84]. The decision to combine the assessment
of swallowing with laryngeal function was based on the
premise that the elements required to translate this assess-
ment tool into clinical practice for both purposes would be
comparable. Assessment of swallowing using endoluminal
sonography was not included. The evidence base for each
ranked item may diverge depending on the exact purpose of
use. This includes the use for non-assessment purposes, such
as for education or biofeedback. Further work is required to
align the ranked elements with the existing evidence base to
establish the gaps in the literature for each item.

Future Directions

The interest in US as a swallowing and laryngeal assess-
ment tool has gathered momentum in the past 18 months [1,
18]. This could lead to rapid application of US into clinical
practice without developing the requisite evidence base and
therefore compromise patient care. The findings of this study
will equip clinicians and researchers with the knowledge and
understanding to support a measured approach to the imple-
mentation of US for clinical assessment of swallowing and
laryngeal function with efficacy and sustainability.

There is a need for primary research in the validation
and reliability of US for assessment purposes which can be
conjointly addressed with a practical, skill-based approach
to implementation to support the development of assessment
protocols and training packages. While these priorities may
evolve as clinical and professional contexts shift, this study
provides the context for further swallowing and laryngeal-
focussed US research and clinical activity in this field.
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tary material available at https://doi.org/10.1007/s00455-022-10413-9.
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