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Abstract 

Background Despite its growing popularity, there is limited evidence of the effectiveness of ultrasound visual bio-
feedback speech therapy for children with cleft palate ± cleft lip (CP ± L). This study reports on the findings of a pilot 
feasibility study of ultrasound visual biofeedback versus standard care. Results will be used to determine if a full-scale 
randomised controlled trial (RCT) is feasible.

Methods We used a mixed-methods pilot RCT. Participants were children aged 5–16 with repaired CP ± L and at least 
one compensatory articulation. Participants were randomised, stratified for age, to receive six sessions of either articu-
lation therapy (standard care) or ultrasound visual biofeedback (U-VBF) therapy. Outcome indicators for progression 
to full trial were measured as percentage targets achieved including the following: participants recruited and retained; 
outcome measure completion; and therapy protocol adherence. Due to the nature of treatment, the treating Speech 
and Language Therapists (SLTs) and families were not blinded; however, the assessing SLTs were blinded to treatment 
allocation until the end of the trial.

Results Eight participants were randomised to articulation therapy and eleven to ultrasound. All participants’ 
data was included for analysis. All but one of the pre-determined criteria for moving to full trial were fully met 
and the remaining indicator was partially met. At least 75% of the following were achieved: outcome measure com-
pletion; therapy protocol adherence; participant retention in each arm of the study. The target number of participants, 
20 per treatment arm, was not reached.

Conclusion Most feasibility measures were successful. This study suggests that a full RCT comparing articulation 
therapy to U-VBF therapy would be possible if the current recruitment strategy is addressed.

Trial registration ISRCTN, ISRCTN17441953. Registered 22 March 2021.
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Key messages regarding feasibility

• The main uncertainties prior to this study were how 
easy it would be to recruit children and families to a 
trial and whether these families would be retained for 
the duration of the trial.

• Recruitment to the trial was challenging, but families 
who did join the trial completed it. All but one of the 
predetermined criteria for moving to full trial were 
met.

• A full-scale study will need to involve multiple cleft 
centres and offer a flexible number of therapy ses-
sions until the target speech sounds are acquired.

Background
Cleft palate ± cleft lip (CP ± L) is one of the most common 
congenital conditions in the UK [1, 2]. It is associated 
with speech difficulties even after successful surgeries to 
close the cleft [3]. These speech difficulties can be clas-
sified into two types: passive, resulting from anatomical 
differences (e.g., velopharyngeal insufficiency), or active, 
resulting from the speaker’s attempt to achieve the target 
sound with an alternative articulation, compensating for 
past or present anatomical differences [4]. Speech differ-
ences, associated with CP ± L, are often a subject to social 
stigma, which can have a negative psycho-social impact 
on the individual [5].

Active speech errors are differentially diagnosed from 
passive errors by Speech and Language Therapists (SLTs), 
who also provide speech therapy to address them. Cur-
rently, the prevalent SLT intervention approach for 
active oral speech errors is articulatory speech therapy, 
also known as articulation intervention or motor pho-
netic intervention [6]. Phonological approaches can also 
be used, and there is some evidence these are gaining in 
popularity [7]. Articulatory speech intervention is based 
on the principles of motor learning and involves drill-
based practice of the target speech sounds in different 
speech contexts, gradually increasing in complexity. In 
more recent work, this is combined with “Knowledge of 
Performance” and “Knowledge of Results” feedback [8]. 
In contrast, phonological intervention focuses on the 
sound system that the child is acquiring and the child’s 
cognitive-linguistic understanding of differences between 
speech sounds, rather than on the motor execution of 
individual sounds [9].

One challenge of the articulatory approach is that it 
requires verbal explanations for how the tongue and 
other articulators should move in the oral cavity in order 
to achieve a specific speech sound. This can be problem-
atic for some patients, particularly for younger children 
or those with language difficulties, which often co-occur 

in children with CP ± L [10, 11]. In addition, most of the 
tongue is hidden from view in the oral cavity, making it 
challenging for the SLT to use demonstration and diffi-
cult to avoid giving complex verbal explanations. This 
need for verbal explanations is also present in phonologi-
cal interventions.

An alternative to these traditional speech interven-
tions are visual biofeedback interventions. These inter-
ventions use articulatory instrumentation to show the 
child a real-time moving image representing the move-
ment of their articulators. Most of the visual biofeedback 
evidence base in CP ± L focuses on electropalatography 
(EPG), which involves a custom-made artificial palate, fit-
ted with electrodes [12]. EPG shows when and where the 
tongue makes contact with the hard palate in real time on 
a user-friendly computer display [13]. SLTs then encour-
age the child to use this visual biofeedback to change 
their articulations. Thanks to these advantages, EPG was 
part of the toolkit of many UK-based cleft specialists over 
the last two decades [14].

Despite these advantages, and a number of small stud-
ies showing evidence of successful EPG-based interven-
tion, this approach has some serious drawbacks. First, 
the requirement for a custom-made palate leads to a high 
per-patient cost, long waiting times, and a limited time 
window to utilise the custom-made palate, as children 
grow and secondary dentition arrives or further surgery 
is required. Second, the EPG shows only the inferred 
position of the tongue, but it does not provide direct 
information about the actual shape and movement of the 
tongue. The tongue is capable of high levels of articula-
tion [15, 16], and even if there is information about which 
part of the palate is touched, there is no information 
about which part of the tongue produced this contact. 
Third, related to the previous point, EPG cannot show 
uvular or pharyngeal articulations, which can be com-
mon speech errors in patients with CP ± L. These draw-
backs, and in particular the high per-patient cost, are the 
reasons why most UK cleft SLT centres are transitioning 
away from using EPG in their therapy.

An alternative visual biofeedback tool, which avoids 
these disadvantages, is Ultrasound Visual Biofeedback 
(U-VBF). This tool uses standard medical ultrasound. 
The probe is placed in contact with the skin under the 
patient’s chin, showing a real-time moving image of the 
whole surface of the tongue in midsagittal view. The same 
system can be used on different patients, so there is no 
additional per-patient cost or waiting time, after the ini-
tial purchase of a system. There is a growing evidence 
base for the effectiveness of U-VBF in speech sound dis-
orders in general [17], but a very limited number of stud-
ies have investigated its application with children with 
CP ± L-related speech difficulties. The small number of 
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single case or case series studies which do use it show 
promising results [18]. A recent study used a case series 
design to show that five children with CP ± L had sig-
nificant gains in percentage of targeted consonants cor-
rect when treated with U-VBF [19]. However, to date, no 
RCTs have compared U-VBF with either articulation or 
phonological therapy in this patient group. Despite the 
limited evidence base, UK cleft teams have been invest-
ing in the technology and some, such as NHS Glasgow 
and Clyde, have years of clinical expertise in the applica-
tion of this intervention tool.

To address this urgent need for systematic investiga-
tion of the effectiveness of U-VBF for CP ± L-related 
speech difficulties, a randomised controlled trial (RCT) 
is required. However, an effective RCT requires a sample 
size analysis, which is normally carried out on the basis 
of data collected in a pilot studies or other intervention 
studies [20]. A feasibility RCT is also required to deter-
mine if the instrumental treatment, which involves a sta-
bilising headset and an ultrasound probe with gel, will be 
acceptable to children of different ages. In addition, we 
need to determine if the process of randomisation will 
be acceptable to families, and whether they will be able 
to commit to all phases of a trial. Finally, before running 
a full-scale trial, it should be determined if the treating 
SLTs are able to adhere to the protocol and complete and 
administer all trial measures.

This paper reports on the results of a feasibility pilot 
RCT, which addresses these requirements by comparing 
U-VBF to articulatory therapy. We report the views of the 
children and their families who took part in the trial in a 
separate publication [21]. The protocol for this study was 
previously published in Cleland et al. [22].

Objectives
We set success criteria, indicative that a full-scale RCT is 
warranted, as 75% and above, consistent with [20] for the 
following objectives:

1. To determine recruitment and attrition rates.

• 75% of children and their families identified agree to 
participate.

• 75% of children allocated in each group are retained 
for the duration of the study.

2. To measure pre-post and follow-up outcome meas-
ure completion.

• 75% of outcome measures are completed.

3. To measure within-session outcome measure 
completion.

• Data is reported from 75% of intervention sessions.

4. To determine acceptability of randomisation to chil-
dren and their families.

• 75% of children and their families rate randomisation 
as acceptable in a questionnaire.

5.  To determine the acceptability of ultrasound visual 
biofeedback as an assessment tool (both groups) and 
intervention tool (U-VBF group).

• 75% of children and their families rate ultrasound as 
an acceptable technique in a questionnaire.

• Focus group analysis contains more positive than 
negative themes regarding acceptability.

6. To measure adherence to the treatment protocol.

• 75% of sessions reach the minimum dosage of 100 
trials in both treatment arms [22].

Aims 4 and 5 relating to acceptability were addressed in 
a separate publication [21].

Methods
Trial design
Description
This study used a mixed-methods two-arm parallel 
group pilot randomised controlled trial design. The study 
included a control condition, which was articulatory 
speech therapy acting as treatment as usual, and a U-VBF 
therapy arm. Participants in the control condition were 
offered the option of U-VBF therapy after the end of the 
trial if clinically appropriate. Children were randomised 
in a 1:1 ratio, stratified by age, within the following age 
groups (years;months): 4;6–7;11; 8;0–11;11; 12;0–16;0.

Important changes to methods
Some minor changes of the protocol took place. First, the 
qualitative study (reported elsewhere in [21]) included 
a mix of interviews and focus groups, rather than focus 
groups alone, due to scheduling difficulties with the 
participants. Second, the planning stage of the study 
coincided with national travel restrictions due to the 
COVID-19 pandemic when travel for research assess-
ments was not categorised as essential travel. Therefore, 
in setting up the study there was a contingency plan to 
carry out the baseline and follow-up assessments online 
via video conferencing software Microsoft (MS) Teams or 
Zoom. Due to challenges with recruitment, which were 
often related to difficulties with travel (see [21]), families 
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were offered to participate in assessments remotely, which 
two families chose. All intervention took place in person.

Eligibility criteria
Children on the caseload of the Scottish Cleft Lip and 
Palate service at NHS Greater Glasgow and Clyde were 
eligible for the study. Children and young people with 
any oral cleft-type, aged between 4;6 and 16;0 years, 
attending SLT clinics, were considered for participation 
and invited to the study. Children had to have at least 
one cleft-speech error that could benefit from either 
U-VBF or the articulatory intervention. The exclusion 
criteria were as follows: uncorrected bilateral hearing loss 
over 30 dB, based on past reports; any planned surgery 
in the following 3 months; or a severe language deficit, 
identified based on previous reports, or a British Picture 
Vocabulary Scale 3 (BPVS) standard score of < 70 during 
the baseline assessment [23].

Informed consent was obtained from all the fami-
lies and children. We ensured that families had time to 
read and consider the participant information and have 
all their questions answered before the baseline eligibil-
ity screening. This eligibility screening was carried out by 
the research SLT (MC) who was not involved in the ther-
apy. Screening for language abilities included the BPVS 
[23]. Screening for eligible speech errors that would ben-
efit from either of the two study interventions was car-
ried out using three assessments:

1. The phonology and articulation subtests of the Diag-
nostic Evaluation of Articulation and Phonology 
(DEAP) [24].

2. An ultrasound tongue imaging protocol, designed for 
a previous project [25]. The ultrasound tongue imag-
ing protocol assessment included sentences from the 
GoS.SPaSS.’98/CAPS-A [26] and aimed to identify 
covert speech errors from consonants in all places 
of articulation. When assessments were carried out 
online, the same protocol was used but the audio-vis-
ual assessment was replaced by an audio-perceptual 
one.

3. Elicitation of a target-specific word list to assess the 
Percentage target Consonants Correct (PCC) before 
treatment. Children had to score <30 PCC at baseline 
to be eligible for the study.

Settings and locations for data collection
This study was a single-centre study with all intervention 
sessions at the Royal Hospital for Children in Glasgow. 
The baseline and two follow-up assessments took place 
either in person at The University of Strathclyde in cen-
tral Glasgow or online via MS Teams or Zoom.

Interventions
Both interventions were administered by two experi-
enced cleft specialist SLTs (LCr and LCa), working at 
the Royal Hospital for Children, Glasgow. The SLTs had 
completed training in using U-VBF therapy and were 
using it in their regular practice prior to the study. One 
or both SLTs were present during the therapy sessions, 
depending on availability. In sessions where both thera-
pists were present, one delivered therapy and the other 
tracked the number of trials produced by the child. A 
minimum of 100 trials per session of the target speech 
sound were required in both intervention arms, in line 
with [27]. The therapists tallied the productions by 
hand as they occurred for fidelity checking.

Each participant received 6 sessions total: one per 
week, for 6 weeks. Each session lasted on average for 
30 min with a range of between 20 and 40 min. Sessions 
were delivered one-to-one and in person in a quiet 
clinic room in the hospital. It was acknowledged before 
beginning intervention that this dosage was unlikely 
to lead to full generalisation. The number of sessions 
was chosen as anecdotally it is the number frequently 
offered within one SLT care of episode by the National 
Health Service (NHS) in this region, although there is 
no official standard number of sessions. We expected to 
see an initial response to intervention.

Treatment target wordlists were used during inter-
vention, supplemented by personalised practice words, 
and participants were often encouraged to suggest 
words containing the target sound that were relevant 
to them, for example, the names of friends. The SLTs 
avoided using the words from the untreated wordlist 
during intervention.

Articulation intervention
The articulation intervention focused on one sound 
at a time and was based on modelling, demonstra-
tion, verbal description and feedback from the SLT, 
particularly in the pre-practice stage [6]. Pre-practice 
refers to acquisition or learning the articulation of the 
speech sound in error. Practice refers to practising 
this new sound in different phonetic contexts. The 
sounds were introduced in limited phonetic contexts, 
in isolation or non-word monosyllables. This was to 
encourage participants to focus on the sound and 
tongue placement, rather than the phonemic cate-
gory of the sound. Gradually, real words of increasing 
complexity and then phrases were introduced with 
the eventual aim of reaching conversation practice. 
The SLTs punctuated practice trials with one or two 
turns at an age-appropriate table-top game, chosen by 
the child.
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Ultrasound visual biofeedback (U‑VBF)
The U-VBF intervention was based on the principles of 
motor learning. The participants saw a real-time moving 
midsagittal ultrasound image of their tongue displayed 
on a computer screen [28]. With the guidance of the SLT, 
the participants used this information to learn to asso-
ciate the movement in their tongue with the changes of 
the image on screen. Similar to the articulatory inter-
vention, the target sound was practised in increasingly 
complex contexts, initially dissociated from its phonemic 
category. Details of the intervention can be found in an 
open-access manual [29]. In this study, the software Son-
oSpeech [30] was used to display the ultrasound image 
to the participants. This software has been designed to 
support SLTs in speech assessment and therapy, includ-
ing functionalities such as visual landmark icons, indicat-
ing correct and incorrect tongue placement, added to the 
ultrasound display. At the start of each session, the par-
ticipants were encouraged to choose their preferred posi-
tive and negative landmark icons (e.g., a smiley face and a 
sad face, thumbs up and thumbs down).

Outcomes
Rationale for outcome selection
The feasibility nature of this study meant that the meas-
ures are descriptive, focusing on the acceptability, 
implementation, and practicalities such as recruitment, 
retention, and measure completion rates [31]. Table  1 
presents a list of the feasibility criteria alongside its anal-
ysis metric, method of aggregation, and time point of 
measurement.

There were no continuous variables analysed as cat-
egorical. In this pilot, within-participant change is only 
reported descriptively, using plots and/or the aggregates 
listed in Tables 1 and 2.

As this is a pilot feasibility study, minimal important 
change in individuals was not determined in advance. 
The results from this study and other recent cases series 
of U-VBF will be used to inform future full-scale itera-
tions of this study [19]. Six sessions were chosen as a 
feasible number within the confines of the health ser-
vice. However, this number is likely to be an insufficient 
dosage to lead to clinically significant change [17, 32]. 
Instead, we expected participants to show evidence of 
initial response to treatment and we anticipate future tri-
als should consider dosage carefully.

Study instruments
The Intelligibility in Context Scale (ICS) [33] was used 
as a carer-reported outcome measure. It has high inter-
nal reliability and construct validity, particularly with 
younger children and children with CP ± L [33–35]. The 
Cleft-Q speech function and distress scales were used as 
a quality-of-life measure [36]. The scales were completed 
by children aged 8 and over and by carers of children 
younger than 8. This measure has been tested interna-
tionally using large and diverse samples, and it was deter-
mined to have good content and construct validity, as 
well as good reliability [36]. The Experience of Service 
Questionnaire (ESQ) [37] measured the parent/carer 
satisfaction with the interventions and was administered 
at the end of participation. It has good construct validity 

Table 1 A list of the feasibility measures, its metrics and aggregation, and the time point of measurement

Pilot measures Metric and aggregation as primary outcome 
measure

Time points

Recruitment rate % participants of the target for each group are 
randomised

t0 (allocation)

Retention rate % participants of those randomised completing 
at least one post-treatment measure

t8 (1-month post-treatment)

Completion of clinician-reported fidelity measure % therapy sessions in each intervention 
where the dose tallies were was recorded

t1 to t6 (therapy)

Therapy protocol adherence % therapy sessions in each intervention 
where the minimal dose was achieved

t1 to t6 (therapy)

Perceptual rating of treatment wordlists % rated sessions t(−1) and t1 to t8 (baseline, therapy, and post-
treatment assessments)

Patient-reported outcome measure Cleft-Q (func-
tioning and distress subscales)

% completed questionnaires for each interven-
tion arm

t(−1), t7, t8 (baseline and both post-treatment 
assessments)

Patient-reported outcome measure ICS % completed questionnaires for each interven-
tion arm

t(−1), t7, t8 (baseline and both post-treatment 
assessments)

Patient-reported experience measure % completed questionnaires for each interven-
tion arm

t8 (1-month post-treatment)

Intervention acceptability questionnaire % completed questionnaires for each interven-
tion arm

t8 (1-month post-treatment)
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and precision [37]. The questionnaire scores were calcu-
lated by the research SLT, according to manual instruc-
tions. The perceptual ratings of PCC were carried out by 
eight CAPS-A [38] trained cleft specialist SLTs across 
the UK who were blinded to the participants’ interven-
tion allocation, participant number, and time point of 
recording.

Data quality was promoted during questionnaire data 
collection by providing sufficient time for completion 
and prompting carers and children to ask questions if 
anything was unclear. Data quality was promoted when 
recoding audio and ultrasound video by following a 
checklist and by taking note of interfering factors (e.g., 
child moving excessively). Data quality was promoted 
when eliciting perceptual ratings by the specialist SLTs by 
providing the same instructions to all.

Changes to trial outcomes after trial commenced 
with reasons
Due to an error of the research SLT, the target and gener-
alisation probe used in the baseline, therapy, and follow-
up assessments did not include prompts to produce the 
target consonants in isolation and in sentence contexts. It 
did however include syllables, non-words, and real words 
of increasing complexity, which we deem sufficient for 
measuring progress.

Sample size
The target number of participants was 20 per interven-
tion arm. This was chosen heuristically as a feasible num-
ber for a pilot study. Given the 75% retention target to 
assess feasibility, the margin of error would be approxi-
mately ± 18% (95% Confidence Interval, 53 to 89%) (Wil-
son score interval). No interim analyses were carried out, 
as per protocol, and recruitment stopped before the tar-
get number was achieved due to time constraints.

Randomisation and blinding
Eligible consenting participants were randomised by the 
Glasgow Clinical Trials Unit in a 1:1 ratio, stratified for 
age using an electronic platform. The participants were 
stratified into the following age groups: 4;6–7;11; 8;0–
11;11; 12;0–16;0. The participants were enrolled by the 
research SLT who was blind to their allocation until the 
trial finished. The treating SLTs were notified by an email 
generated by the online system of the participants’ alloca-
tion. The specialist SLTs who carried out the perceptual 
analysis of audio recordings of the target list productions 
were also blinded to the participants’ allocation.

Statistical methods
Descriptive analyses were used for the analysis of the pri-
mary outcome measure’s mean percentages and standard 
deviations. When calculating Percentage target Con-
sonants Correct (PCC), all transcribers marked word-
medial glottal realisations of /t/ as incorrect for children 
working on /t/-targets. This is a typically occurring vari-
ant in Scottish accents, which all children had, so PCC 
was re-calculated by the first author to mark it as correct 
in the relevant wordlists.

Missing data is described in the Results section as it 
is linked to our primary outcomes. There is no multi-
plicity of analyses. Some data were recorded incor-
rectly and had to be excluded. For some participants, 
the wrong therapy target was assessed at baseline and/
or follow-up due to experimenter error, so this audio 
assessment data was excluded: participant 7 (ultra-
sound group; baseline and 2 follow-ups), participant 
11 (ultrasound group; baseline), participant 14 (artic-
ulation group; baseline and follow-up 1), participant 
15 (articulation group; baseline and 2 follow-ups) 
(Table 3). For participant 18, the wrong therapy target 
word list was assessed at Therapy session 6, which was 

Table 2 A list of the candidate primary and secondary outcome measures, their metrics, and aggregation at the time point of 
measurement

Candidate primary outcome measure Metric and aggregation as primary outcome 
measure

Time points

Perceptual ratings by blinded assessors of target 
consonants in treated and untreated wordlists

% target Consonants Correct (PCC) t(−1), t7, t8 (baseline and both post-treatment 
assessments)

Perceptual ratings by blinded assessors of target 
consonants of within-treatment wordlists

% target Consonants Correct (PCC) t1 to t6 (therapy)

Candidate secondary patient‑reported out‑
come measures

Metric and aggregation as primary outcome 
measure

Time points

Patient-reported outcome measure Cleft-Q (func-
tioning and distress subscales)

Standard score t(−1), t7, t8 (baseline and both post-treatment 
assessments)

Patient-reported outcome measure ICS Standard score t(−1), t7, t8 (baseline and both post-treatment 
assessments)

Patient-reported experience measure % positive, negative and neutral responses t8 (1-month post-treatment)

Intervention acceptability questionnaire % positive and negative responses t8 (1-month post-treatment)
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excluded as well. Reflections on these errors are dis-
cussed in the Limitations section.

Data wrangling was carried out using the “tidyverse” 
(version 2.0.0) [39] package in R (version 4.3.1) and R 
Studio (version 2023.12.0 + 369) [40]. Data visualisation 
was carried out using “ggplot2” (version 3.4.3) [41] and 
“ggpubr” (version 0.6.0) [42] packages, and ICC calcula-
tions were made using the “psych” (version 2.4.1) [43] 
package. The data and code are available via https:// 
osf. io/ gkd3h/? view_ only= 1543a 2b027 fd4d7 aaa0b 6a70d 
17686 3a.

Results
Participant flow
Recruitment

Dates defining the periods of recruitment and fol‑
low‑up  The first participant was recruited on 26 
November 2021 and the final participant was recruited 
on 4 May 2023. Follow-ups were performed for each par-
ticipant within one week and one month after the final 
therapy session. The final follow-up took place on 26 July 
2023.

One child with BPVS standard score of < 70 was admit-
ted to the study, due to the clinical decision of the treat-
ing SLTs who had offered successful treatment to this 
patient in the past.

Trial end
The trial was extended by 6 months with agreement from 
the funder due to staffing changes. Due to challenges 
with participant recruitment, potential participants were 
approached until September 2023, 6 months before the 
end of the trial.

Baseline data

Outcomes and estimation and numbers analysed
Feasibility measures
Table 4 summarises the feasibility measures results. The 
pre-determined criteria of at least 75% completion of 
each measure were met for all bar one important target—
the recruitment rate.

Our definition for retention was for participants to 
complete all therapy session and return for at least one 
follow-up. One participant in the articulation did not 
return to one follow-up due to bereavement but returned 
to the first follow-up, so they counted as retained. One 
participant in the U-VBF group missed the first follow-
up due to an overseas trip, but they self-recorded a 

production of the target word-list, which was included 
in analyses. One participant in the U-VBF group was dis-
continued by the treating SLTs after 4 sessions because of 
wellbeing concerns unrelated to the study; however, they 
returned for one follow-up session. They are counted 
as not retained because they did not complete all ther-
apy sessions, but all their available data is included in 
analyses.

Table  5 summarises the percentage outcomes for the 
candidate primary and secondary outcome measures, 
which will be used in a full-scale clinical trial.

Figure 1 illustrates the changes in the ICS and Cleft-Q 
subscales for children in each treatment arm across the 
three time points: baseline, 1 week after therapy, and 1 
month after therapy.

Ancillary analyses
Prespecified: harms and unintended consequences
No harms or unintended effects were reported. Par-
ticipant 17 in the U-VBF condition temporarily over-
generalised an intermediate interdental target to other 
syllable-onset consonants. The treating SLTs used an 
interdental target for both groups to stimulate anterior 
placement of backed /t/ and gradually shaped it into 
the target alveolar /t/.

Prespecified: dose fidelity
Dosage of target consonant trials during therapy was 
recorded, as reported in Table  4. To measure fidel-
ity, the therapy sessions were recorded, and a research 
SLT listened to a pseudo-randomly selected 20% of the 
data and tallied the number of target trials achieved. 
We ensured that at least one recording was randomly 
selected from each participant. Based on [44], an inter-
class correlation coefficient was calculated, using a two-
way agreement single rater model. The results indicated 
a high level of agreement (ICC = 0.83, F (21,21) = 10.9, 
p < 0.001). It should be noted that in most cases, the 
SLTs providing therapy underestimated the number of 
trials the child produced (see Table 6 in the Appendix).

Prespecified: PCC agreement
The audio files of the target consonant wordlists were 
assigned to eight transcribers in order to calculate PCC, 
with 20% overlap in the files between pairs of tran-
scribers. We calculated the ICC based on the raters’ 
per-session PCC results. We present the results of the 
average fixed raters’ model, because, where more than 
one rating was available, we wanted to use the average 
rating within our results and not the rating of a sin-
gle rater. We also had a fixed set of raters, as opposed 
to a random population. The results indicate excellent 

https://osf.io/gkd3h/?view_only=1543a2b027fd4d7aaa0b6a70d176863a
https://osf.io/gkd3h/?view_only=1543a2b027fd4d7aaa0b6a70d176863a
https://osf.io/gkd3h/?view_only=1543a2b027fd4d7aaa0b6a70d176863a
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agreement (ICC = 0.95, F (146, 1022) = 26, p < 0.001) 
[44]. However, because there was only 20% overlap and 
most of the PCC results were available from only one 
transcriber, we decided it is pertinent to also report 
that the single fixed raters’ model, which indicated 
good agreement between the raters (ICC = 0.76, F (146, 
1022) = 26, p < 0.001) [44].

Exploratory: responders and non‑responders
An exploratory plot is presented in 2 showing the PCC 
per session per participant. Out of 19 participants, ten 
can be described as responders, as their follow-up scores 
are higher than their baselines scores: 3, 5, 13, 17, and 
18 in the articulation group and 4, 7, 8, 11, and 19 in the 
ultrasound group. Participants 1, 2, 12, 16 (U-VBF), and 
10 (articulation) showed almost no change in their PCC 
across the sessions and can be classified as non-respond-
ers within the limited six-session episode of care. The 
remaining participants achieved some change in their 
articulation as a result of the therapy, even if it did not 
result in accurate target consonant realisations in the fol-
low-up measurements. The discussion will revisit these 
findings, in light of the limitations of PCC as a measure of 
intermediate progress and having only 6 therapy sessions.

Discussion
Summary of findings
This study aimed to test the feasibility of a RCT compar-
ing U-VBF to articulatory intervention in children with 
CP ± L. To our knowledge, this is the first feasibility RCT 
comparing U-VBF to articulatory therapy for children 
with CP ± L. The results suggest that the study is feasible, 
with some caveats. All but one of the pre-determined cri-
teria for moving to full trial were met. While it was chal-
lenging to recruit the necessary number of participants, 
all participants who were enrolled in the study provided 
positive feedback of the experience [21] and almost all 
were retained until the end. Those who did not return 
for follow-up had serious personal circumstances which 
prevented them from doing so. It was feasible to collect 
at least 75% of each of the outcome measures at each of 
the relevant time points for each of the intervention arms 
(see Table  4). In addition, Table  5, illustrated in Figs.  1 
and 2, shows positive trends for the speech, intelligibility, 
and quality of life outcome measures.

Recruitment
One of the important findings of this trial was that it was 
challenging to recruit the target number of participants. 

Table 4 Primary feasibility outcomes presented as proportions and percentages

Analysis Articulation therapy U‑VBF therapy

% Proportions % Proportions

Recruitment rate 40 8/20 55 11/20

Retention rate 100 8/8 90.9 10/11

Baseline PCC 75 6/8 80.8 9/11

Baseline CleftQ 87.5 7/8 100 11/11

Baseline ICS 100 8/8 100 11/11

Follow-up 1 PCC 75 6/8 90.9 10/11

Follow-up 1 CleftQ 100 8/8 90.9 10/11

Follow-up 1 ICS 100 8/8 90.9 10/11

Follow-up 2 PCC 87.5 7/8 80.8 9/11

Follow-up 2 Cleft Q 87.5 7/8 90.9 10/11

Follow-up 2 ICS 87.5 7/8 90.9 10/11

Follow-up 2 ESQ 100 8/8 100 11/11

Follow-up 2 Intervention acceptability questionnaire 87.5 7/8 90.9 10/11

Therapy session 1 PCC completed 100 8/8 81.8 9/11

Therapy session 2 PCC completed 75 6/8 90.9 10/11

Therapy session 3 PCC completed 100 8/8 100 11/11

Therapy session 4 PCC completed 100 8/8 100 11/11

Therapy session 5 PCC completed 87.5 7/8 80 8/10

Therapy session 6 PCC completed 75 6/8 80 8/10

Therapy sessions, reaching dose 100 100 48/48 98.4 63/64

Within-therapy session completed dose recording 87.5 42/48 96.9 62/64
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The reasons for under-recruitment are addressed in 
depth in [21]. The COVID-19 pandemic had an impact 
on recruitment as some restrictive measures were still 
in place when the trial started, making travel more chal-
lenging. The cost of travel (although this was reimbursed 
for up to £10 per trip) and child-care, linked to the cost-
of-living crisis, may have prevented some families from 
participating. Those that did engage in the trial reported 
that the time burden of travel was also significant. 
Competing health priorities for the children that were 
unaddressed during lockdown were also barriers to par-
ticipation. Moreover, a move to online therapies during 
the pandemic may have made families reluctant to travel 
for a treatment which was offered in-person only. The 
treating SLTs had the main responsibility for recruitment. 
Due to their close familiarity with their patients’ history, 
they applied stricter selection criteria before approaching 
potential participants, particularly when they were famil-
iar with previous history of non-engagement or complex 
family circumstances. While stricter criteria were applied 
in most cases, it was decided that an older child with lan-
guage abilities below the threshold standard score of 70 
on the British Picture Vocabulary Scale [23] could benefit 

from treatment. This decision was made in light of the 
fact that younger children with language abilities that 
were equivalent, albeit typical for their age, were consid-
ered eligible. Due to the high co-occurrence of language 
difficulties and CP ± L [10, 11], future studies should con-
sider applying raw score, as opposed to standard score, 
thresholds for eligibility. Despite not reaching the 75% 
recruitment target, according to [20], 40–80% success 
rate, which this study falls within, should be considered 
for moving to full trial. Future trials can mitigate recruit-
ment issues by having multiple centres, more choice of 
intervention venues, and by approaching a wider group 
of participants at the trial outset.

Retention and speech assessment completion
The retention rate of this study was high, similar to [45], 
which may be a result of the high scrutiny at the selection 
stage in our study. Only one participant was discontinued 
from the intervention due to wellbeing concerns, unre-
lated to the speech intervention. However, they returned 
for one follow-up assessment. Another participant did 
not return for the final assessment due to bereavement. 
All speech assessment data collection targets were met, 

Table 5 Candidate primary and secondary outcome measures: percentage/proportion (standard deviation) and numbers of 
participants analysed

Candidate primary outcome: Percentage targeted consonants correct, measured as the percentage of treated speech sounds produced correctly 
in words, using therapists’ auditory assessment

Time point Articulatory therapy U-VBF therapy

Baseline 13 (33), n = 6 14 (35), n = 9

Therapy session 1 16 (37), n = 8 19 (39), n = 9

Therapy session 2 21 (41), n = 6 25 (43), n = 10

Therapy session 3 27 (44), n = 8 14 (35), n = 11

Therapy session 4 26 (44), n = 8 14 (35), n = 11

Therapy session 5 26 (44), n = 7 29 (46), n = 8

Therapy session 6 12 (32), n = 6 21 (41), n = 8

1 week after intervention 43 (50), n = 6 22 (41), n = 10

1 month after intervention 39 (49), n = 7 37 (48), n = 9

Carer-reported intelligibility for children, measured using the Intelligibility in Context Scale

Baseline 0.72 (0.08), n = 8 0.75 (0.12), n = 11

1 week after intervention 0.76 (0.09), n = 8 0.76 (0.12), n = 10

1 month after intervention 0.71 (0.05), n = 7 0.78 (0.08), n = 10

Patient- and carer-reported quality of life, measured using the CLEFT-Q speech function scale

Baseline 54.57 (7.35), n = 7 50.45 (15.40), n = 11

1 week after intervention 60.25 (9.44), n = 8 53.90 (14.87), n = 10

1 month after intervention 53.86 (9.08), n = 7 61.60 (16.79), n = 10

Patient- (aged ≥ 8) and carer-reported (aged < 8) quality of life, measured using the CLEFT-Q speech distress scale

Baseline 72.43 (15.28), n = 7 66.00 (15.26), n = 11

1 week after intervention 76.57 (16.88), n = 7 70.00 (16.19), n = 9

1 month after intervention 77.86 (14.37), n = 7 70.40 (19.18), n = 10

Patient and carer satisfaction with both interventions, measured using the Experience of Service Questionnaire 1 month after intervention

1 month after intervention Results reported in [21]
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despite some challenges that arose from having multi-
ple candidate speech targets for intervention in some 
children and difficulties in communicating them to the 
treating clinicians. Future trials can address these chal-
lenges by formalising the procedure of recording the 
therapy target and ensuring regular communication with 
the SLTs. All transcriptions of the speech samples were 
undertaken by blinded assessors. The percentage target 
consonants correct (PCC) ratings suggest improvement 
in the speech accuracy of the participants, consistent 
with other reports on the effectiveness of U-VBF therapy 
in CP ± L patients [19].

Patient and carer‑reported outcome measures
Unlike other feasibility trials, such as [45], this study 
surpassed its targets for questionnaire completion. This 
may be attributed to the fact that most participants were 
assessed in person at the research centre, where there 
was dedicated space and time for participants and carers 
to complete the questionnaires. However, one limitation 
of this approach is that for some participants, the ques-
tionnaires were completed by different carers at differ-
ent time points in the study, which could introduce some 
variability in the responses. Future studies can mitigate 
this issue by mailing hard copies of the questionnaires to 
a dedicated family member at home, in addition to giving 

a questionnaire to the carer who accompanies the child 
to the assessments. As reported in [21], the patient and 
carer experiences of the ultrasound intervention were 
overall positive, indicating high satisfaction and accept-
ability of the treatment. Moreover, visual observation of 
Fig. 1 also shows a trend for improvement in the scores 
of the outcome measures in children who received the 
ultrasound condition. This is particularly the case for the 
Intelligibility in Context Scale (ICS) and the Speech Func-
tion subscale of the Cleft-Q, suggesting that the interven-
tion had a positive impact on their speech and quality of 
life. This is consistent with [32] where visual biofeedback 
speech therapy was provided to people with CP ± L.

Clinician‑reported fidelity measures
The SLTs achieved the minimum of 75% dose recording 
during sessions (i.e., recording at least 75% of the target 
consonant repetitions). Although in many cases the SLTs 
worked on their own, occasionally they worked in a pair, 
allowing one of them to focus on delivering therapy and the 
other to tally the target consonant repetitions. The agree-
ment between their tallies and the research SLT’s were 
high, although the treating SLTs often underestimated the 
number of consonant repetitions. One factor that may have 
contributed is that the children often spontaneously pro-
duced more practice trials, which were not prompted by 

Fig. 1 Violin plot and means of Cleft-Q and ICS results before, 1 week after and 1 month after therapy for each treatment group
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the treating SLT and may have therefore been more chal-
lenging to record. The treating SLTs also surpassed the 
threshold of audio recording a minimum of 75% of therapy 
sessions, to allow for PCC measurement and fidelity check-
ing. The two treating SLTs were experienced with research, 
which may have contributed to their high success rate. 
Future trial managers need to ensure that all SLTs across 
all participating centres are able to follow the same therapy 
preparation checklist by providing training.

Limitations
A key limitation of this study is that the sample size was 
chosen heuristically, instead of using a formal calcula-
tion to determine a sample size that would allow esti-
mating feasibility parameters to an acceptable level of 

precision. This, together, with the limited recruitment 
will have implications for the accuracy of future sample 
size calculations.

In addition, minimal clinically important changes were 
not pre-specified. It has recently been recommended that 
minimal clinically important differences are better deter-
mined from the literature, rather than feasibility studies 
[46]. At the time of planning this project, there was a lack 
of studies comparing UVBF therapy for children with 
CP ± L to other therapies. Therefore, we previously antici-
pated that the results of this study would inform future 
decisions about clinically significant change and sample 
size. We note that since then there has been one other 
study investigating UVBF with this population, which 
can be used to inform sample size calculations [19].

Fig. 2 Exploratory plot showing the mean PCC per participant per session, including the baseline as -1, therapy sessions 1–6 and the two follow-up 
sessions as 7 and 8.
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An additional limitation of this study was the cumula-
tive intervention intensity. The target dose was a mini-
mum of 100 teaching episodes per intervention session, 
with one 20–30-min intervention session per week for 
6 weeks. This led to a minimum cumulative interven-
tion intensity of 600 teaching episodes (not including any 
practice at home), which, along with the dose frequency, 
is considered low in the context of speech interventions. 
This is lower than, for example [8]. They reported clini-
cally significant improvement with a cumulative inter-
vention intensity of 1600 per phase of intervention, 
delivered in two phases for a total of 3200 for children 
with CP ± L. It needs to be noted, however, that the treat-
ing SLTs in the present study often achieved a higher 
number of teaching episodes per session, with an average 
of 223 (SD = 68), leading to an actual average cumulative 
intensity of 1338. Even so, the cumulative intensity in [8] 
is more than two times higher than in the present study. 
As discussed in the rationale for outcome selection, this 
number of sessions was chosen as a feasible target within 
the constraints of the publicly funded national health 
service, with the intention of producing initial articula-
tory changes. It is common for paediatric SLT services 
to offer children a maximum of six intervention sessions 
in a block, despite the evidence suggesting most inter-
ventions require a higher intensity. This is due to finan-
cial constraints within the publicly funded healthcare 
systems. However, participants remained on the SLTs’ 
caseloads and were offered further episodes of care after 
the end of their participation in the study, as needed. 
Progress achieved over six therapy sessions is consid-
ered rapid [32] and 6 weeks of once per-week interven-
tion is often insufficient to achieve and generalise correct 
articulation [17, 32]. We suggest that a future RCT offers 
a flexible approach to cumulative intervention intensity, 
by holding the in-session dosage constant at least 100 
trials per session but increasing the number of sessions 
flexibly until children achieve generalisation to untreated 
items. This is similar to the method used by [32] where 
participants had between 15 and 33 sessions of biofeed-
back intervention as required. Required dosage is likely 
to vary considerably between patients due to factors such 
as age, previous intervention history, and stimulability of 
intervention target.

Another limitation of the trial is the use of percentage 
target consonants correct (PCC) as a candidate outcome 
measure, as it may be a conservative estimate of pro-
gress, particularly across a limited number of sessions. 
The treating SLTs’ short-term targets for most partici-
pants included achieving forward tongue tip placement. 
This short-term target is observed in a number of chil-
dren at the end of therapy (e.g., participant 9); however, 
a binary analysis of correctness would categorise these 

productions as incorrect, underestimating the effects of 
therapy. [47] report that almost all speech errors of peo-
ple with CP ± L treated during their study showed a gradi-
ent, as opposed to a categorical, pattern of improvement. 
That paper also reports that an instrumental articulatory 
assessment was able to provide more complete and accu-
rate information on the gradient realisations, compared 
to narrow phonetic transcription. A future articulatory 
analysis using the ultrasound tongue imaging data would 
be possible, and indeed previous work has shown gradi-
ent acquisition can be measured using this technique 
[48]. Where children showed early signs of gradient 
change during intervention, this should be considered a 
positive prognostic indicator that additional intervention 
is likely to be beneficial.

There was experimenter error, which led to differ-
ences between the consonant target recorded during 
baseline and/or follow-up assessments and the conso-
nant target treated during therapy for some participants. 
This resulted from email communications being missed 
between the research and treating SLTs, as well as a 
lack of centralised database where treatment targets 
could be recorded. The impact of this error is mitigated 
by the audio recordings of the target and generalisation 
probes during therapy, which can demonstrate immedi-
ate effects of therapy. Another mitigation is that a general 
assessment wordlist, based on the CLEFTNET protocol, 
was recorded at all baseline and follow-up assessments, 
containing the target consonant [14, 29], which can be 
used for analysis in future investigations of this dataset. 
A future full-scale RCT should consider modifying the 
Trial Unit’s randomisation webpage to include the target 
consonant for therapy alongside the participants’ treat-
ment allocation and age group.

Finally, only one cleft centre was included in this trial. 
This centre may not be representative of other centres 
across the UK as it is a cleft centre where U-VBF therapy 
was already offered prior to the trial. The treating SLTs 
were potentially advocates of this type of therapy and in 
some cases, they struggled to ethically justify approach-
ing participants for whom they considered that U-VBF 
would outperform articulation therapy, based on their 
clinical expertise and the patients’ previous non-response 
to articulatory therapy. A recent qualitative study of 
SLTs’ perspectives on taking part in a clinical trial of 
U-VBF showed that clinicians in other cleft services were 
enthusiastic about recruiting to a trial, but shared con-
cerns about randomising patients to interventions which 
they felt may not be in the patients’ best interests [49]. 
This can be resolved in a future trial by ensuring that all 
patients approached are suitable for both interventions 
and including centres who are new to the technique, or 
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employing a cluster randomised control design where 
centres offer either ultrasound or treatment as usual only.

Applicability of the trial findings
Due to the pilot nature of the study, the results cannot 
be considered generalisable. However, these findings will 
be used to plan a large-scale RCT comparing U-VBF to 
articulation intervention for children with CLP. This 
study has provided valuable insight into the challenges 
and opportunities of running an RCT in collaboration 
with NHS cleft centres.

Conclusion
In conclusion, this study shows that a future full-scale 
RCT project comparing U-VBF to articulatory interven-
tion in children with CP ± L is feasible with some cave-
ats. Almost all of our criteria for a move to full trial were 
met: participants who were recruited to the study were 
retained, outcome measure completion was feasible, and 
both interventions were well-tolerated by the children 
and their families. Separate qualitative work [21] showed 
that participants enjoyed taking part in the study and 
that the ultrasound intervention in particular was enjoy-
able and enabled participants to gain new insights into 
the nature of their speech disorder. However, the burden 
of travel for participants was high, and this in turn may 
have led to some difficulties recruiting participants. This 
may be because despite the city centre location of our 
study, the cleft service covers a wide geographical region 
including remote and rural areas. Moreover, descrip-
tive statistics suggest that in both intervention arms six 
sessions of intervention is inadequate dosage to lead to 
generalisation of targets. However, a move towards cor-
rect anterior productions was seen in most participants, 
suggesting that increased dosage would lead to better 
generalisation [32]. A future trial should consider offer-
ing more choice of intervention locations and a flexible 
dosage suited to each participant.

Appendix

Table 6 PCC per participant per session. Ax assessment, Tx 
therapy, SD standard deviation

Treatment Participant Session type Session 
number

PCC SD

Articulation 3 Ax 1 0 0

Articulation 3 Ax 2 89.58 30.87

Articulation 3 Ax 3 82.22 38.66

Articulation 3 Tx 1 5.88 23.88

Treatment Participant Session type Session 
number

PCC SD

Articulation 3 Tx 2 5.26 22.53

Articulation 3 Tx 3 22.06 41.77

Articulation 3 Tx 4 41.18 49.96

Articulation 5 Ax 1 25 43.76

Articulation 5 Ax 2 87.76 33.12

Articulation 5 Ax 3 62.89 48.56

Articulation 5 Tx 1 9.26 29.26

Articulation 5 Tx 2 7.41 26.44

Articulation 5 Tx 3 55.56 50.16

Articulation 5 Tx 4 0 0

Articulation 5 Tx 5 38.89 48.98

Articulation 5 Tx 6 0 0

Articulation 10 Ax 1 0 0

Articulation 10 Ax 2 0 0

Articulation 10 Ax 3 0 0

Articulation 10 Tx 1 0 0

Articulation 10 Tx 2 0 0

Articulation 10 Tx 3 0 0

Articulation 10 Tx 4 0 0

Articulation 10 Tx 5 0 0

Articulation 10 Tx 6 0 0

Articulation 13 Ax 1 19.57 40.11

Articulation 13 Ax 2 17.39 38.76

Articulation 13 Ax 3 95.65 20.85

Articulation 13 Tx 1 68.57 47.1

Articulation 13 Tx 2 70.59 46.25

Articulation 13 Tx 3 58.82 49.96

Articulation 13 Tx 4 37.68 48.81

Articulation 13 Tx 5 70.18 46.16

Articulation 13 Tx 6 41.18 49.96

Articulation 14 Ax 3 2.04 14.29

Articulation 14 Tx 1 4.9 21.7

Articulation 14 Tx 3 7.41 26.31

Articulation 14 Tx 4 32.41 47.02

Articulation 14 Tx 5 4.63 21.11

Articulation 14 Tx 6 1.85 13.61

Articulation 15 Tx 1 37.14 49.02

Articulation 15 Tx 2 38.24 49.33

Articulation 15 Tx 3 33.82 47.66

Articulation 15 Tx 4 44.93 50.11

Articulation 15 Tx 5 35.29 48.51

Articulation 15 Tx 6 41.18 49.96

Articulation 17 Ax 1 37.5 49.45

Articulation 17 Ax 2 27.66 45.22

Articulation 17 Ax 3 48.94 50.53

Articulation 17 Tx 1 20.59 41.04

Articulation 17 Tx 2 32.35 47.49

Articulation 17 Tx 3 38.24 49.33

Articulation 17 Tx 4 13.24 34.14

Articulation 17 Tx 5 17.65 38.41
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Treatment Participant Session type Session 
number

PCC SD

Articulation 17 Tx 6 20.59 41.04

Articulation 18 Ax 1 14.29 35.86

Articulation 18 Ax 2 91.67 28.23

Articulation 18 Ax 3 26.09 44.9

Articulation 18 Tx 1 41.18 49.96

Articulation 18 Tx 3 35.29 48.51

Articulation 18 Tx 4 38.24 49.33

Articulation 18 Tx 5 26.47 44.45

Ultrasound 1 Ax 1 0 0

Ultrasound 1 Ax 2 8.7 28.81

Ultrasound 1 Ax 3 2.17 14.74

Ultrasound 1 Tx 1 14.71 35.95

Ultrasound 1 Tx 2 14.71 35.95

Ultrasound 1 Tx 3 2.94 17.15

Ultrasound 1 Tx 4 14.71 35.68

Ultrasound 1 Tx 6 14.71 35.95

Ultrasound 2 Ax 1 0 0

Ultrasound 2 Ax 2 0 0

Ultrasound 2 Ax 3 0 0

Ultrasound 2 Tx 1 1.85 13.61

Ultrasound 2 Tx 2 0 0

Ultrasound 2 Tx 3 0.93 9.62

Ultrasound 2 Tx 4 0 0

Ultrasound 2 Tx 6 0.93 9.62

Ultrasound 4 Ax 1 0 0

Ultrasound 4 Ax 2 20 40.41

Ultrasound 4 Ax 3 21.74 41.7

Ultrasound 4 Tx 3 0 0

Ultrasound 4 Tx 4 12.28 33.11

Ultrasound 4 Tx 5 8.93 28.77

Ultrasound 4 Tx 6 14.71 35.95

Ultrasound 6 Ax 1 39.13 49.9

Ultrasound 6 Ax 2 21.74 41.7

Ultrasound 6 Ax 3 16 37.03

Ultrasound 6 Tx 1 27.94 45.2

Ultrasound 6 Tx 2 29.41 46.25

Ultrasound 6 Tx 3 55.17 50.17

Ultrasound 6 Tx 4 19.12 39.62

Ultrasound 6 Tx 5 0 0

Ultrasound 6 Tx 6 26.47 44.45

Ultrasound 7 Tx 1 88.57 32.28

Ultrasound 7 Tx 2 82.86 38.24

Ultrasound 7 Tx 3 58.82 49.96

Ultrasound 7 Tx 4 94.29 23.55

Ultrasound 7 Tx 5 88.57 32.28

Ultrasound 7 Tx 6 100 0

Ultrasound 8 Ax 1 0 0

Treatment Participant Session type Session 
number

PCC SD

Ultrasound 8 Ax 2 16.67 37.55

Ultrasound 8 Ax 3 7.58 26.66

Ultrasound 8 Tx 1 0 0

Ultrasound 8 Tx 2 5.48 22.92

Ultrasound 8 Tx 3 10.81 31.26

Ultrasound 8 Tx 4 13.51 34.66

Ultrasound 8 Tx 5 0 0

Ultrasound 8 Tx 6 5.41 22.92

Ultrasound 9 Ax 1 17.39 38.76

Ultrasound 9 Ax 2 4.35 20.62

Ultrasound 9 Ax 3 0 0

Ultrasound 9 Tx 1 26.47 44.45

Ultrasound 9 Tx 2 29.41 46.25

Ultrasound 9 Tx 3 27.78 45.43

Ultrasound 9 Tx 4 4.41 20.69

Ultrasound 9 Tx 5 17.65 38.7

Ultrasound 11 Ax 2 33.33 48.15

Ultrasound 11 Ax 3 39.13 49.9

Ultrasound 11 Tx 1 14.71 35.95

Ultrasound 11 Tx 2 2.94 17.15

Ultrasound 11 Tx 3 23.53 43.06

Ultrasound 11 Tx 4 23.53 43.06

Ultrasound 11 Tx 5 17.65 38.7

Ultrasound 11 Tx 6 45.71 50.54

Ultrasound 12 Ax 1 0 0

Ultrasound 12 Ax 2 2.04 14.29

Ultrasound 12 Tx 2 0 0

Ultrasound 12 Tx 3 1.85 13.54

Ultrasound 12 Tx 4 0 0

Ultrasound 16 Ax 1 0 0

Ultrasound 16 Ax 2 0 0

Ultrasound 16 Ax 3 0 0

Ultrasound 16 Tx 1 0 0

Ultrasound 16 Tx 2 0 0

Ultrasound 16 Tx 3 8.57 28.4

Ultrasound 16 Tx 4 0 0

Ultrasound 16 Tx 5 0 0

Ultrasound 16 Tx 6 0 0

Ultrasound 19 Ax 1 93.88 24.22

Ultrasound 19 Ax 2 97.96 14.29

Ultrasound 19 Ax 3 95.97 19.73

Ultrasound 19 Tx 1 0 0

Ultrasound 19 Tx 2 94.55 22.92

Ultrasound 19 Tx 3 3.7 19.06

Ultrasound 19 Tx 4 0 0

Ultrasound 19 Tx 5 100 0
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Table 7 Dose per participant per session, as reported by the 
treating SLTs and checked by the research SLT

Participant Session no Dose reported Dose checked

SS_Tx_01_F_07 4 253 378

SS_Tx_02_M_12 1 205 266

SS_Tx_02_M_12 2 317 321

SS_Tx_03_M_07 3 391 368

SS_Tx_04_M_05 5 162 163

SS_Tx_04_M_05 6 116 119

SS_Tx_05_M_05 4 170 176

SS_Tx_06_F_09 2 221 224

SS_Tx_06_M_09 1 152 160

SS_Tx_07_M_08 1 124 139

SS_Tx_08_M_07 2 170 212

SS_Tx_09_M_15 1 179 253

SS_Tx_10_F_05 2 209 211

SS_Tx_11_M_07 4 245 159

SS_Tx_12_F_05 2 109 116

SS_Tx_13_F_05 3 245 258

SS_Tx_14_F_04 4 188 213

SS_Tx_15_M_06 5 230 279

SS_Tx_16_F_06 5 265 277

SS_Tx_17_F_10 4 265 330

SS_Tx_18_M_11 6 249 235

SS_Tx_19_M_11 2 243 242
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