The Effectiveness of Ultrasound Biofeedback Therapy in Children
With Repaired Cleft Palate
by
Amanda Parks, B.A.
A Thesis
In
Speech Language Pathology
Submitted to the Graduate Faculty
of Texas Tech University in
Partial Fulfillment of
the Requirements for
the Degree of
MASTER OF SCIENCE
Approved
Sue Ann S. Lee, Ph.D., CCC-SLP
Chair of Committee
James Dembowski, Ph.D., CCC-SLP
Sherry Sancibrian, M.S., CCC-SLP
Lori Rice-Spearman, Ph.D.
Dean of the School of Health Professions
May 2018

Copyright 2018, Amanda Parks

Texas Tech University Health Sciences Center, Amanda Parks, May 2018
Acknowledgments
I would like to acknowledge the people who have supported me during this past year.
First, I would like to thank all the friends and family members who spent many hours
praying for this project, and I am grateful for God’s faithfulness in answering those
prayers. To my committee members, Dr. Dembowski and Ms. Sancibrian, I know you are
both very busy people and your willingness to give your time to this thesis is something I
am extremely grateful for. Thank you for always providing constructive feedback and
encouraging me to think about this subject in a new light. I would also like to thank my
brother-in-law, John, whose grasp of grammar far exceeds my own, despite my B.A. in
English. To my husband, Ryan, thank you for your patience in listening to me stress over
every section of this thesis. You should be awarded an honorary master’s degree for the
endless hours you’ve spent on this subject with me. Lastly, to my thesis chair, Dr. Lee,
without your encouragement, I would not have undertaken this project. When you
initially approached me about thesis, I felt it would be an overwhelming challenge.
However, now that the final words have been written and successfully defended, I see
what an opportunity this has been. Thank you for being a wonderful professor, an honest
mentor, and a friend.

ii

Texas Tech University Health Sciences Center, Amanda Parks, May 2018
Table of Contents
Acknowledgments ............................................................................................................. ii
Abstract............................................................................................................................. iv
List of Figures................................................................................................................... vi
I. Literature Review .......................................................................................................... 1
1.1 Introduction ............................................................................................................... 1
1.2 Defining cleft palate.................................................................................................. 2
1.3 Incidence and prevalence of cleft palate ................................................................... 3
1.4 Cleft palate repair...................................................................................................... 3
1.5 Speech characteristics of children with repaired cleft palate .................................... 4
1.6 Speech intervention for children with repaired cleft palate ...................................... 8
1.7 Ultrasound technology ............................................................................................ 16
1.8 Ultrasound therapy for speech intervention in children.......................................... 18
1.9 Purpose of current study ......................................................................................... 26
II. Methods ...................................................................................................................... 27
2.1 Participants.............................................................................................................. 27
2.2 Study design ............................................................................................................ 33
2.3 Selected targets and probes ..................................................................................... 34
2.4 Intervention procedures .......................................................................................... 36
2.5 Transcription reliability .......................................................................................... 37
III. Results ....................................................................................................................... 38
3.1 Child A results ........................................................................................................ 38
3.2 Child B results ........................................................................................................ 40
IV. Discussion .................................................................................................................. 42
4.1 Child A .................................................................................................................... 42
4.2 Child B .................................................................................................................... 43
4.3 Comparison of Child A to Child B ......................................................................... 44
4.4 Efficiency ................................................................................................................ 46
4.5 Limitations of the current study and future directions ............................................ 47
References:....................................................................................................................... 50

iii

Texas Tech University Health Sciences Center, Amanda Parks, May 2018
Abstract
The purpose of this study was to investigate the effectiveness of ultrasound biofeedback
therapy in children with repaired cleft palate. Two children with repaired cleft of the
secondary palate participated in this study. The two participants presented with
articulation errors of varying severity. Non-developmental phonological processes were
present in both participants. Non-developmental processes observed included: backing,
glottal replacement, initial consonant deletion, and nasalization of sounds. A modified
time-series design was chosen to evaluate therapy outcomes resulting from the use of
ultrasound technology as a visual feedback mechanism to increase the correct production
of /r/ and /d/ phonemes at word level. Results indicate that ultrasound biofeedback
therapy may be beneficial depending on the severity of the articulation disorder, the
child’s attention level, and the child’s learning style.
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I. Literature Review
1.1 Introduction
Traditional motor therapy techniques often include the use of visual cues to
promote the correct placement of articulators for target sounds. However, visual cues are
limited to sounds that are visibly produced (e.g., /p/, /f/) or easily conceptualized (e.g., /k/
is produced “at the back”). This limitation has been addressed by studies using more
advanced technology (e.g., ultrasound) to provide visual feedback for clients.
The majority of studies including the use of ultrasound biofeedback focus on
persisting errors of articulation within otherwise typically developing children
(Macallister Byun, Hitchcock, & Shwartz, 2014; Preston, Leece, & Mass, 2017; Cleland,
Scobbie, & Wrench, 2015). Research using ultrasound therapy was conducted with
several special populations including patients with cochlear implants, repaired
submucous clefts, and childhood apraxia of speech (Gibson, 2017; Roxburgh, Scobbie, &
Cleland, 2015; Preston, Brick, & Landi, 2013; Preston, Mass, Whittle, & Leece, 2015).
However, research with ultrasound biofeedback therapy has yet to be conducted with a
population diagnosed with significant structural abnormalities of the oral cavity, such as
those seen in complete cleft of the secondary palate.
The purpose of this study is to evaluate the effectiveness of ultrasound
biofeedback therapy in children with significant structural abnormalities resulting from a
history of cleft palate. This study also seeks to describe the results of ultrasound therapy
treatment on targets specifically affected by cleft palate (e.g., stops) as compared to
results on targets relatively unaffected by cleft palate (e.g., liquids). Chapter one includes
a description of current literature on traditional cleft palate therapy techniques and
1
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ultrasound treatment in various populations. Chapter two details the methodology of this
current study, with results outlined in chapter three. Discussion of these findings is
presented in chapter four.
1.2 Defining cleft palate
A cleft is an opening resulting from abnormal development in utero. According to
Kummer (2001), cleft of the palate occurs within the first trimester in utero and results
from a lack of complete fusion of the roof of the mouth during development. Cleft palate
may or may not co-occur with cleft lip. Kernahan and Stark’s (1958) standards are
frequently adopted to classify cleft palate. This classification distinguishes cleft palate as
either primary or secondary. A primary cleft is located anterior to the incisive foramen
while a secondary cleft is located posterior to the primary palate and includes the hard
palate, the soft palate, and the velum.
Secondary palatal cleft affects muscle development and function due to the
presence of an atypical opening, which necessitates differences in the development of
oral structures. (Kummer, 2001). Changes in development affect muscles such as the
levator veli palatine and the palatopharyngeaus muscle. While these muscles help to raise
and tense the velum, the atypical insertion of these muscles affects their ability to
properly achieve velopharygeal closure. Kernahan and Stark (as cited in Kummer 2001)
further classified cleft palate as complete or incomplete. A complete cleft of the primary
palate affects the entire lip and alveolus. An incomplete cleft of the primary palate affects
only part of the lip. A complete cleft of the secondary palate results in total cleft of all
structures in the secondary palate (i.e., velum and hard palate). An incomplete cleft of the
2
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secondary palate results in isolated cleft of structures (e.g., velum only). A cleft may also
be classified as submucous (Kummer, 2001) in which underlying palatal structures,
which may include muscles, or underlying bone from the hard palate, are affected.
Surgery is necessary to correct the structure of the oral cavity due to cleft, but underlying
muscular differences may still be present (Kummer, 2001).
1.3 Incidence and prevalence of cleft palate
Cleft palate is the second most common birth defect in the United States, affecting
approximately 1 in every 900 births (Parker et al., 2010; Dixon, 2011). The incidence of
cleft palate with or without cleft lip varies between racial, socioeconomic, and
environmental backgrounds as well as gender. Those of Asian descent report the highest
incidence of cleft palate, and males are more likely (i.e., 2:1) to experience cleft of the lip
and palate, while females are more likely (i.e., 2:1) to experience isolated cleft palate
(Dixon, 2011).
1.4 Cleft palate repair
Cleft palate requires surgery to correct. Timing of surgical repair remains
controversial. Many surgeons choose to delay the repair of a cleft palate in order to allow
growth of the hard palate while other surgeons believe that delay results in poorer
prognosis for normal speech patterns. However, it is commonly agreed that repair before
or at 12 months of age results in the best speech outcomes (Pearson & Kirschner, 2011).
Following the repair of a cleft palate, children may continue to experience speech
difficulty due to velopharyngeal dysfunction. Velopharyngeal dysfunction resulting from
3
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inadequate tissue of the velum leads to difficulty achieving closure of the nasopharynx
during the production of oral speech sounds. There are two surgery options for
velopharyngeal dysfunction. The first option is posterior wall augmentation, in which
material (e.g., collagen) is inserted into the posterior pharyngeal wall to assist in
approximation to the velum during soft palate closure. The second option is posterior
pharyngeal flap surgery, which involves the addition of a “bridge” of tissue between the
velum and posterior pharyngeal wall (Pearson & Krischner, 2011). In children with
repaired cleft palate, smaller consonant inventories and notable compensatory
misarticulations may persist and require therapy to correct (Jones, Chapman, and HardinJones 2003; Kummer 2001).
1.5 Speech characteristics of children with repaired cleft palate
Cleft palate produces distinctive speech errors and often results in inventory
constraints. These patterns can be grouped into compensatory and obligatory
misarticulations. Obligatory productions are errors made in response to anatomical
differences. These productions are not behavioral and require medical intervention to
correct. Hypernasality and nasal emissions are both considered obligatory errors.
Hypernasality is defined by Peterson-Falzone et al. (2006) as “too much nasal resonance”
which most often affects “vowels, glides /w, j/, and liquids /l, r/” (p. 20). As Kummer
(2001) states, “hypernasality refers to abnormal resonance of sound. Therefore,
hypernasality is always associated with speech sounds that are phonated and does not
affect voiceless consonants” (p. 157).
Nasal emission is defined as the atypical release of airflow through the nasal
4

Texas Tech University Health Sciences Center, Amanda Parks, May 2018
cavity during speech production (Peterson-Falzone et al., 2006). Nasal emission differs
from hypernasality in that it refers solely to the presence of air redirected to the nasal
cavity during the production of oral sounds. Nasal emissions result in weak pressure
consonants, as the air required for an accurate production escapes through the nasal
cavity. Due to this, nasal emissions are considered to affect the articulation of voiceless
consonants while hypernasality affects the resonance of voiced oral consonants
(Kummer, 2001). Nasal emissions are not always audible and children may experience
nasal emissions without hypernasality. When this occurs, airflow escapes from the nose
during the production of oral sounds but does not create nasal resonance. If airflow
escape is severe, the production of high-pressure consonants (e.g., strident sounds) may
be produced exclusively through the nasal cavity, which creates a “nasal snort”. A “nasal
snort” is most frequently observed during the production of fricative sounds (e.g., /s/) and
results in a “sneeze-like sound” (Kummer. 2001, p.159).
Compensatory misarticulations are often observed in cleft-palate speech and are
defined by Kummer (2001) as “the individual’s response” to structural abnormality
resulting from a history of cleft palate. Some compensatory misarticulations include:
glottal stop, pharyngeal stop, pharyngeal fricative, pharyngeal affricate, posterior nasal
fricative, nasal fricative, backed production, and mid-dorsum palatal stop. A glottal stop
occurs when a target phoneme is produced using quick, forceful closure and opening of
the laryngeal vestibule. A glottal stop most often replaces a plosive sound (i.e., oral stop
consonants), but may be substituted for any of the pressure consonants such as fricatives
and affricates (Peterson-Falzone, 2006).
A pharyngeal stop, fricative, and affricate are each comparable in manner to their
5
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oral counterparts and differ only in the place of articulation. A pharyngeal stop is created
by the base of the tongue meeting the posterior pharyngeal wall, stopping airflow,
allowing build up of pressure, and then releasing the closure (Peterson-Falzone, 2006).
Pharyngeal stops are most often produced as a substitution for velar stops (Kummer,
2001). A pharyngeal fricative is created through the approximation of the base of the
tongue to the posterior pharyngeal wall, without complete occlusion. It is most often used
as a substitute for oral fricatives, usually sibilant sounds (Peterson-Falzone, 2006). A
pharyngeal affricate is most often used as a substitute for oral affricates and is produced
by combining the manner of the pharyngeal stops with pharyngeal fricatives (Kummer,
2001).
Posterior nasal fricatives are produced using the base of the tongue to assist in
occlusion of the velopharyneal port so that it approximates the posterior pharyngeal wall.
This articulatory gesture results in a “snorting” sound as the velopharyngeal port strikes
against the posterior pharyngeal wall (Peterson-Falzone, 2006). A nasal fricative is a
fricative produced through the nasal cavity. Production of nasal fricatives is most often
associated with the production of sibilant targets (Peterson-Falzone, 2006).
A mid-dorsum palatal stop is created when a consonant is produced using the
dorsum of the tongue against the palate. A mid-dorsum palatal stop’s classification as a
compensatory misarticulation directly related to cleft palate is controversial. Some
authors such as Kummer (2001) believe that the mid-dorsum palatal stop results from
crowding of the oral cavity and is not directly related to presence of cleft palate, but is
instead linked to the presence of a class III malocclusion. A class III malocclusion is
often seen in children with cleft palate due to the anatomical differences of oral
6
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structures, even after a repair of the initial cleft. Kummer (2001) explains that this
anatomical difference results in the upper teeth and alveolar ridge being shifted to a
location where “the alveolar ridge is often located just above the dorsum of the tongue,
making the mid-dorsum palatal stop a natural articulation production” (p. 164). Despite
some argument regarding the cause of a mid-dorsum palatal stop, it is a compensatory
misarticulation often seen in cleft palate speech. This particular misarticulation may be
very difficult to detect as it is perceptually a combination of both /g/ and /d/ targets.
Backed productions are common in cleft palate speech and are defined as a
substitution of a posterior sound for any sound located anterior to the error (e.g., [k] for
/d/). Backed productions occur as compensation for velopharyngeal insufficiency
restricting the ability to build up intra-oral pressure (Kummer, 2001). Producing a more
posterior sound in the oral or pharyngeal cavity allows the speaker to utilize air pressure
before it is lost through nasal emissions. Generalized backing can occur with any oral
sound.
Compensatory or obligatory articulation patterns also affect the size of the child’s
consonant inventory. Jones et al. (2003) compared the consonant inventories of children
pre and post cleft palate repair. This study showed that there was little increase in
inventory size following surgical repair, with the exception of an increased use of stops.
However, consonant inventories remained small and indicated a possible delay in speech
development following cleft-palate repair. Results of Jones et al.’s (2003) study were
consistent with those of Grunwell and Russell (1993) on cleft palate outcomes following
surgical repair. The documented presence of articulatory differences and inventory
constraints of children with cleft palate, even following repair, often requires speech
7
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intervention.
1.6 Speech intervention for children with repaired cleft palate
A systematic review conducted by Bessell et al. (2013), compared functional
outcomes of various speech therapy approaches for children diagnosed with cleft palate,
with or without cleft lip (CP +/- L). This review was conducted not only to establish
current interventions for CP +/- L, but also to assess the effectiveness of interventions
across theoretical models, delivery age, intensity, duration, and delivery method. The
studies reviewed included the use of either the motor or linguistic approaches, or a
comparison of the two approaches.
Seven studies were categorized as motor approaches in the review. These studies
focused on speech in relation to specific motor movement training. Interventions
categorized as motor followed traditional models for articulation therapy. The other seven
studies were categorized as linguistic approaches of therapy. Linguistic approaches
included phonological approach, focused stimulation, and whole language approach.
Three studies comparing the outcomes of two different approaches were also reviewed.
One study contrasted a motor approach to therapy with a phonological approach and
another study compared functional outcomes of phonological approaches to those of
whole language approaches. Lastly, a study reviewed outcome measures when traditional
motor or phonological approaches were paired with technology such as
electropalatography (EPG) and nasopharyngoscopy.
Studies included in the review utilized various delivery modes. The majority of
the studies were conducted within a clinical setting; four were conducted within the
8
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home, and three were conducted during a speech summer camp. Participants ranged in
age from 12 months to 29 years. The duration of the studies also varied; however, only
nine studies reported on duration. Five of the nine studies were conducted over 20 to 60
days. The remaining four studies were conducted for 6 months, 8 months, 9 months, or 1
year.
The authors of the review stated that changes in the approach, delivery mode,
duration, and age of delivery did not significantly impact therapy outcomes. Selected
articles within the systematic review were included for detailed analysis within this
literature review. These studies include: two studies utilizing a motor approach, one study
comparing a motor and a phonological approach, and four studies conducted using a
phonological approach. One study not included in the systematic review that utilized
EPG and a multi-function speech training aid (MFSTA) with cleft-palate participants was
also selected for review.
Van Demark and Hardin (1986) conducted a study comparing the effectiveness of
traditional motor therapy within the public schools and an intensive program for children
with cleft palate. Seventeen children, ages 7 to 12 years old at the time of the study, were
included. Four judges used a scoring scale to determine the severity of the disorder based
on auditory perception, presence of nasality, and level of velopharyngeal competence at
pre and post therapy probes. Performance pre and post intensive therapy was compared to
school program outcomes following nine months of in-school services. Intensive therapy
was conducted each day in four, 1-hour sessions for 26 days.
Pre-test average for severity was rated at 3.88 on a seven-point scale, with higher
numbers indicating greater severity, and the follow-up average for severity was 2.54,
9
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indicating a difference in severity pre and post therapy. Pre and post-standardized
articulation tests revealed minimal improvement of articulation performance. Scores posttherapy were compared with performance following nine months of school therapy.
Subjects did not show improvement during speech therapy within public schools. The
results of this study support the use of intensive programs to increase the effectiveness of
the traditional motor approach in children with repaired cleft palate.
Hardin-Jones and Chapman (2008) conducted a study on the impact of early
motor intervention on children with cleft palate. The study consisted of 40 toddlers who
were 9 to 21 months of age at the start of the study. Thirty children with cleft palate and
ten children without cleft palate were included. The ten children without cleft palate were
used as a control comparison. Authors divided the children into four groups. The first
group included children without a history of cleft palate. The other three groups consisted
of children with cleft palate and were divided into children who were not referred to
speech therapy, children who were referred to speech therapy, and children who received
speech therapy. The Preschool Language Scale-3 was administered to all participants and
results indicated average expressive and receptive language skills in each child.
Sessions for nine of the cleft palate therapy group were conducted in home, one
time per week for 60-75 minutes. One participant of the cleft palate therapy group
received 30-minute sessions, twice at week at home. Data were collected in speech
samples and analyzed for expressive vocabulary size, percent consonants correct,
consonant inventory size, and place/manner of articulation at 17 and 27 months of age.
At 17 months, a significant difference was documented in the number of different
consonants in the phonetic inventory of the unreferred group and the non-cleft group. The
10
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unreferred group’s phonetic inventory included fewer consonants on average than those
of the non-cleft group, indicating that cleft palate significantly affected the development
of a variety of consonants. Comparison between cleft palate groups at 27 months showed
that, among children with cleft palate, those who received therapy had significantly better
consonant development than those who did not receive therapy. Hardin-Jones and
Chapman (2008) indicate that children who were referred for therapy but did not receive
it from 17 to 27 months of age were all enrolled in therapy programs by 39 months of
age. This is indicative of a need to target cleft-palate speech production early, as positive
outcomes were seen within the cleft-palate therapy participants within the study.
Pamplona and her colleagues conducted a series of studies to examine the use of
the phonological approach with children with cleft palate. The first study by Pamplona,
Ysunza, and Espinosa (1999) compared the efficiency of a phonological versus phonetic
articulation therapy in children with cleft palate. This study included twenty-nine
participants, ranging from 3 to 7 years of age. Participants were chosen using inclusion
criteria including: unilateral, complete cleft of soft and hard palate, identical surgical
repair procedures, velo-pharyngeal insufficiency, hearing within normal limits, no
concomitant language/neurological deficits, and a stated commitment made by parents to
bring the children to therapy as long as necessary to resolve targeted errors.
Participants were randomly assigned to one of two groups. The first group
included 15 children who were provided therapy using a phonetic approach. The second
group included 14 children who received therapy using a phonological approach. Glottal
stops and pharyngeal fricatives were present in all participants and targeted during
therapy. Therapy was conducted in small groups of two or three children for one-hour
11
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sessions, twice a week. Therapy continued until blind analysis conducted by two speechlanguage pathologists revealed an elimination of targeted misarticulations. Time to
elimination was used to determine the efficiency of the phonetic versus phonological
approach.
Participants in the phonetic group completed therapy within 14 to 46 months.
Participants in the phonological group completed therapy within 6 to 22 months. Authors
conclude that phonological therapy was more efficient for children with cleft palate, as
seen in faster time to elimination of compensatory misarticulations.
Pamplona, Ysunza, and Ramirez (2004) conducted another study comparing
naturalistic intervention (i.e., whole-language model) with phonological intervention in
children with repaired cleft palate. The study included 30 children, 3 to 7 years of age.
Participants were included with identical category of cleft (i.e., unilateral, total cleft of
primary and secondary), velopharyngeal insufficiency and compensatory misarticulations
following repair, and no concomitant language/neurological disorders. Children were
randomly assigned to Group 1 where therapy was provided using phonological
intervention, or Group 2 where naturalistic intervention was employed. Therapy was
conducted in small groups of 2 or 3 children, twice a week, for 1-hour sessions.
Time from the start of therapy to discharge was used as a means of comparing the
efficiency of both approaches. Time to completion of therapy for Group 1 ranged from 622 months with a mean of 14.5 months. Time to completion for Group 2 ranged from 427 months with a mean of 16.2. Statistical analysis of results revealed differences to be
non-significant. Results indicate that both phonological and naturalistic approaches were
equally efficient in eliminating processes.
12
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Pamplona et al. (2005) completed research to evaluate the effectiveness of two
different modalities of treatment for 45 children ranging in age from 3 to 10 years,
presenting with repaired cleft palate and compensatory articulations. Children did not
show a language delay or neurological deficits. The first group received intensive,
phonological/whole language therapy at a therapeutic summer camp for three weeks. The
second group received traditional phonological/whole language therapy in a clinic, twice
a week. Glottal stops and pharyngeal fricatives were targeted in all participants.
The intensive summer camp was conducted four hours a day, five days a week,
for three weeks. Therapy was performed within small groups and parents were
encouraged to participate. At the onset of therapy, use of compensatory misarticulations
was rated based on the percent present in speech samples. Mild use was observed in 11%
of the participants, moderate use was observed in 38%, and severe use was observed in
51% of participants.
The traditional phonological/whole language therapy was performed for one hour,
twice a week, for a period of 12 months. Therapy was performed in groups no larger than
three and parents were encouraged to attend. Periods of one-on-one instruction were
provided during sessions. At the onset of therapy, 15% of the participants presented with
mild, 31% with moderate, and 54% with severe compensatory articulations.
Following completion of summer-camp therapy, the authors found that 22% of
the children eliminated compensatory misarticulations. Results showed that
compensatory articulations still present in this group were mild in 51%, moderate in 22%,
and severe in 5% of participants. Upon completion of traditional therapy sessions, 15% of
the children eliminated compensatory misarticulations. Misarticulations persisted at a
13
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mild level in 31%, moderate level in 45%, and severe level in 9% of participants. The
authors conclude that both service delivery models are effective for this population.
Pamplona, Ysunza, and Morales (2014) performed research evaluating the
effectiveness of strategies for target training during phonological therapy for children
ages 3 to 7 years old with cleft palate. All participants selected had a repaired cleft palate,
normal hearing, and compensatory misarticulations resulting from velopharyngeal
insufficiency. Language and neurological tests were within normal limits for all
participants.
Treatment targets were selected based on the presence of compensatory
misarticulation in each child’s speech sample. The children were divided into two groups.
In Group 1, the speech-language pathologist cued correct productions using a range of
strategies, without regard to the level of severity for the compensatory misarticulations.
All strategies of cuing were treated as equal. In Group 2, the speech-language pathologist
cued correct productions using a hierarchy approach to the different elicitation strategies.
The elicitation strategy used was based on the level of support the strategy provided and
the severity level of the child’s misarticulation errors.
Prior to treatment, sessions were conducted to evaluate the mean level of
compensatory misarticulation for each group. This was determined with a clinical scale
of articulation severity used by authors in which lower numbers are associated with more
severe articulation disorders. Group 1 was found to have a mean level of compensatory
misarticulation prevalence at level 1 whereas the mean level for Group 2 was .75. Post
therapy, the Group 1 mean increased to 2.5 and Group 2 increased to 3. Both groups
showed an increase in accuracy of articulation. A Mann Whitney test revealed a
14
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significant advance in Group 2 as compared to Group 1, indicating that the discrimination
of elicitation strategies in accordance with severity level increases the effectiveness of
phonological intervention in children with cleft palate.
Michi, Yamashita, Imai, Suzki, and Yoshida (1993) conducted a study utilizing
visual feedback programs including EPG and a multi-function speech training aid
(MFSTA) to correct /s/ articulation errors in children with repaired cleft palate. Visual
feedback programs, also known as visual articulatory models, are routinely used within
traditional phonetic therapy. Visual feedback used in traditional therapy may be either
high or low technology. Some examples of visual feedback used in traditional therapy
include models, pictures, use of mirrors, or computer programs. Electropalatography and
MFSTA are more advanced technologically than most visual feedback systems. In EPG
therapy, a child wears a dental plate, which can detect tongue movement against the hard
palate. The movement is registered by the dental plate and translated into a picture on the
computer monitor, which showed the location of the tongue against the roof of the mouth.
A MFSTA is used to provide visual feedback to the participant regarding the use of
frication noise. This is done through a similar method as EPG, with sensors placed on the
roof of the mouth, which translate information to a computer monitor. Instead of tongue
placement, MFSTA provides information regarding flow of air (e.g., plosive versus
continuous). Six children were included in this study and were randomly assigned to one
of three groups: therapy with EPG and frication display, therapy with the use of only
EPG, and therapy without implementation of a visual feedback system. The results of this
study revealed that therapy including the use of EPG independently provided better
outcomes for children who presented with severe posterior placement of the tongue for /s/
15
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production. Children who presented with mild posterior placement showed the same
progress in all conditions. Appropriate frication was achieved faster in all children with
the use of the MFSTA program. The results of this study support the use of visual
programs to produce good outcomes in children with repaired cleft palate.
1.7 Ultrasound technology
Ultrasound technology has been used in a variety of fields but is most well known
for use within the medical field. Ultrasound provides real time images of anatomy
through the use of inaudible high frequency sounds contacting tissues/organs and
reflecting those sounds into an image (Lee, Wrench, and Sancibrian, 2015). An
ultrasound machine includes a device known as a transducer. The transducer emits the
sound waves, collects the returning sound waves, and transmits that information to a
connected screen, and may be adjusted for frequency, duration, and amplitude of emitted
waves. Figure 1 and 2 below show an image created using ultrasound technology during
the production of the /r/ phoneme and /d/ phoneme, respectively. Ultrasound images may
be presented in the coronal or sagittal view. The coronal view provides an image of the
tongue from left to right, while the sagittal view creates an image of the tongue from
anterior to posterior. Figure 1 and Figure 2 show the sagittal view of the ultrasound image
where the thin, highlighted white line indicates the upper most surface of the tongue. In
these figures, the left of the image shows the posterior and the right of the image shows
the anterior portions of the tongue. The use of either the sagittal or coronal view may be
chosen based on which orientation produces the most information about tongue
placement. For example, phoneme /r/ requires movement of both the anterior and
16
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posterior of the tongue, which is viewable in the sagittal orientation. While other
technologies have been used to provide feedback of articulatory gestures (e.g., linear
predictive coding spectra), these technologies are often difficult to conceptualize (Lee et
al., 2015). Ultrasound shows articulatory gestures clearly and in real-time, which
provides precise visual feedback for patients.

Figure 1: Target /r/ sagittal view on ultrasound

17
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Figure 2: Target /d/ view sagittal view on ultrasound

1.8 Ultrasound therapy for speech intervention in children
Ultrasound has been conducted with several populations. Ultrasound was initially
used to remediate residual /r/ errors in school-aged children. McAllister Byun et al.
(2014) conducted a two-part ultrasound study. Both parts of the study used a multiple
baseline across subject design to target /r/ using ultrasound technology. The first part
targeted the bunched production of /r/ and the second part allowed for participantselected tongue placement for /r/.
Part one included two treatment sessions a week for eight weeks. Sessions ranged
from 30-45 minutes. Part two included sixteen or seventeen, 30- to 45-minute sessions.
Ultrasound therapy was used exclusively in this study for the full session time. Prior to
the start of therapy, participants demonstrated 95% consonant accuracy when rhotics
were excluded, but they showed below 30% accuracy on the 64-word rhotic probe list.
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Part one consisted of four participants, ranging from 6 to 10 years old.
Participants received treatment exclusively targeting the bunched variant of /r/ production
in all positions (prevocalic, vocalic, post vocalic). Participants were given 3-5 minutes
each session to experiment with alternative tongue placement. Minimal improvement was
seen in all participants; however, one participant used a retroflex /r/ during the 3-5
minutes reserved for client experimentation of /r/ placement and showed greater
improvement as compared to the other participants. This prompted the authors to create a
second part to this study which allowed the participants to individually select their
preferred tongue placement for the /r/ target.
Part two consisted of four participants ranging from 7 to 15 years old. The /r/
shape targeted in therapy was chosen on an individual basis after researchers identified
the most accurately approximated placement for target sound elicitation. Three target
placements were identified for each participant. Two were approximated shapes and one
was a highly distinctive alternative. Three out of four participants reached 80% accuracy
for target /r/. This study suggests that the improvements of /r/ seen in the second part
were due to flexibility in target placement. However, it can be argued that part one
included younger participants within a smaller age range, which could signal that the
second part showed greater increase solely due to natural development.
Preston et al. (2013) examined the effectiveness of ultrasound when used to treat
children diagnosed with childhood apraxia of speech (CAS) in conjunction with a
traditional motor approach. Six children whose standard scores were equal to at least 1.5
SD below the mean on the Goldman-Fristoe Test of Articulation and 1 SD below the
mean on the Sequencing subtest of the Verbal Motor Production Assessment for Children
19

Texas Tech University Health Sciences Center, Amanda Parks, May 2018
were included. Treatment was conducted in a 60-minute session, twice a week. During
these sessions, 15-20 minutes were spent using traditional therapy activities without
biofeedback. Ultrasound was provided for 30 minutes each session, in 15-minute
increments with tabletop activities in between the use of biofeedback. The study resulted
in 23 out of 31 treatment sounds reaching the established mastery level of 80%. Only 8 of
the 31 sequences did not meet this level due to the late introduction of these sound
sequences, according to the authors. The posttest mean revealed an increase of 53% when
compared to the pretest performance and each participant showed an average of a 2 SD
increase on targeted sounds. These findings resulted in the conclusion that biofeedback in
conjunction with traditional therapy is an effective treatment for CAS.
Preston, Maas, Whittle, Leece, and McCabe (2016) studied the generalization of
target sounds when treating residual /r/ errors using ultrasound therapy with three
children with apraxia of speech. The three participants were males between the ages of 10
and 13. Hearing and visual screening results were within normal limits. The GoldmanFristoe test of Articulation-2 was given and each participant scored below the 1st
percentile. Percent consonants correct and percent rhotics correct were calculated and
percent rhotics correct was zero for each child.
Probe lists were created for the target /r/ which included 25 word-initial singleton,
50 word initial cluster, and 25 in word final position. Probes were administered at the
beginning of each session. Baseline for performance was collected in three visits prior to
the start of therapy sessions. A multiple-baselines-across-behaviors design was used.
Each participant was assigned two syllable positions for /r/. Participants were randomly
assigned the syllable position that was targeted first.
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Each session included two periods of treatment with ultrasound and two periods
of treatment without ultrasound. During the ultrasound portion of the therapy session, a
transparent overlay of a correct production of the target /r/ was placed on the ultrasound
screen to provide the child with a model. Probes of untreated targets were administered at
regular intervals during the study to monitor generalization of the sound to new contexts
(i.e., word positions and related sounds). Both words and specific sounds were targeted
for generalization. Research showed minimal generalization (i.e., <10% accuracy) to
untreated sounds and researchers did not observe generalization to untrained word
probes. This indicates that ultrasound therapy may not affect the client’s ability to
generalize targets to new sounds or contexts.
Previous studies focused on outcomes measures of ultrasound therapy without
providing a comparison to traditional phonetic therapy. To address this issue, Preston et
al. (2017) compared the efficacy of a traditional motor approach as compared to
ultrasound therapy. Twelve children between the ages of 10 to 16 who were diagnosed
with articulation disorders participated in the study. Participants scored at or below the 5th
percentile on the Goldman-Fristoe Test of Articulation-2 and produced rhotics with less
than 25% accuracy. None of the participants were diagnosed with developmental or
cognitive disabilities/delays.
A multiple baseline across behaviors and participants such as ABACA or
ACABA single-case design was adopted where A indicates baseline and B or C refers to
treatment with or without ultrasound, respectively. The two treatment phases were
designed identically. The only difference was in the use of ultrasound visual feedback for
participants in condition B. Singleton consonants, consonant clusters, and vocalic /r/ were
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treated in two one-hour intervention sessions per week. Ultrasound therapy was
conducted in two, 13-minute time blocks with elicitation and structured practice
conducted in between the ultrasound therapy blocks.
The majority of participants improved in the accuracy of the target in both
treatment conditions with varied magnitude. Relatively similar results were noted
between both conditions within individual participants. Seven of the 12 participants
increased their accuracy by ≥15% in both conditions. Two participants showed an
increase of ≤15% accuracy in both treatment conditions. Three participants showed an
increase of ≥15% accuracy in only one of the two conditions. While one of these
participants showed ≥ 15% improvement in the condition including phonetic therapy with
ultrasound, the other two participants showed this improvement during phonetic therapy
without ultrasound. Individually, four participants showed greater outcomes with
ultrasound whereas three showed greater outcomes without ultrasound. The last five
showed similar outcomes between the two conditions. This study did not reveal a
significant advantage in the use of ultrasound technology over the use of traditional
motor therapy in children with residual errors. Success of the participants within each
condition might depend on individual preferences and learning styles of the participants.
Cleland et al. (2015) studied ultrasound treatment effect in seven children with
residual speech sound disorders whose ages ranged from 6 to 11 years old. This was a
case series study with two initial baselines completed six weeks apart prior to treatment.
60-minute sessions were conducted once a week for 12 weeks. Unlike previous studies,
targets were defined based on processes present (e.g., fronting) rather than specific sound
units (e.g., /r/), except in one participant. Four participants were treated for velar fronting,
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one was treated for post-alveolar fronting, one was treated for backing, and one was
treated for nondevelopmental /r/ productions.
This study used ultrasound device stabilization equipment, video recording of
participant’s ultrasound placement for targets, and same-age peer models. Stabilization
equipment assisted in supporting the child’s head to decrease changes in picture quality
due to head movement during ultrasound scanning. The same-age peers were present
during the initial training sessions to increase child awareness of correct placement. The
stabilization equipment was stated to be uncomfortable for clients. Each session included
intervention periods with and without ultrasound. Ultrasound use ranged in time from 1040 minutes depending on client tolerance and preference. During the remainder of the
session, conventional therapy was performed without ultrasound using a minimal pair
approach. The children initially performed target sounds in syllables and then moved to
words then sentences as 80% accuracy was achieved.
Post-therapy probes were performed immediately following completion of 12
sessions and repeated six weeks post therapy after no additional contact. Each participant
scored 100% on the six week post-therapy probes. A 95% increase in accurate production
was seen between baseline and final probes, establishing that ultrasound therapy was
effective and results were maintained for each child.
Gibson (2017) conducted a study on the efficacy of ultrasound therapy in children
with cochlear implants. This study included two children, ages four and six, with
profound, bilateral hearing loss. Participants were not diagnosed with any concomitant
disorders. A multiple-baseline across behaviors design was used in this study.
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Child A’s probes included word final /k/, word initial /g/, word initial /k/, and
word final /g/. Child B’s targets included word initial /t/, word initial /l/, and word initial
/s/. Sessions were conducted for 30 minutes, twice a week, for 9-10 weeks. Sessions
began with ultrasound biofeedback therapy for 10-15 minutes followed by traditional
drill play activities for 10-15 minutes. Probes were collected at the end of each session.
Initial baseline probes for all sounds for both participants were 0% across three pretreatment sessions.
Child A reached 100% accuracy with final /k/ and 70% accuracy with initial /k/
and initial /g/. Final /g/ served as a control measure throughout the study, and accuracy
remained relatively constant below 20%. Child B reached above 80% accuracy with
initial /t/ and initial /l/. Initial /s/ reached 100% accuracy. Maintenance probes were
collected at 2 weeks and 2 months post treatment. Child A’s maintenance for final /k/
remained above 80% for both probes and initial /g/ remained at 80% at the 2-month
probe. Child B’s maintenance for initial /t/ and initial /l/ remained above 80% for 2-week
and 2-month probes. Initial /s/ reached 80% accuracy for maintenance at the 2-month
follow up. Results from this study suggest ultrasound feedback is efficacious for use in
children with cochlear implants.
Currently, only one study was identified which examined the effectiveness of
ultrasound therapy for children with cleft palate. Roxburgh et al. (2017) conducted a
study of children with repaired submucous cleft palates. The study compared the use of
visual articulatory models versus ultrasound biofeedback therapy in correcting
articulation errors. Visual articulatory models are often used in conjunction with
traditional motor approaches and may be low technology (e.g., picture) or high
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technology (e.g., animated software). This study utilized visual articulatory models
through the Speech Trainer 3D software, which showed target tongue movement and
included explanations of steps needed to achieve correct articulatory placements.
Two participants were included in this study. The first participant was a nineyear-old male presenting with a backed production of /n/ to [ŋ]. He previously received
therapy without success. The second participant was a six-year-old male who presented
with backing of /k/ to a glottal stop and fronting of /g/ to [d] or [n]. Previous therapy for
this participant focused on bilabial consonants and alveolar fricatives with no success.
Sixteen sessions were provided to each participant; eight sessions with ultrasound
biofeedback followed by eight sessions with a visual articulatory model program. Session
duration was 60 minutes. The initial 30 minutes of each session was conducted with
either ultrasound or the Speech Trainer 3D program, followed by 30 minutes of
traditional motor therapy. Assessment of participants was conducted twice pre-treatment,
twice following the first therapy block, and twice post-treatment.
Percent consonants correct and percent target consonants correct scores pre-,
mid-, and post-therapy were used to determine level of improvement. The percent of
consonants correct was determined using the Diagnostic Evaluation of Articulation and
Phonology. Both participants’ overall percent consonants correct score showed minimal
change across therapy. The first participant showed an increase of 10% to 20% target
consonant correct directly following completion of the 8-session visual articulatory
model therapy. Following ultrasound therapy, the first participant’s score dropped back to
baseline at 10% target consonant correct. The second participant showed 50% increase in
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correct production of the target following visual articulatory model therapy and 10%
increase following ultrasound therapy.
The authors of this study state that visual articulatory models show greater
improvement than ultrasound biofeedback as a therapy modality for children with cleft
palate. However, each participant completed visual articulatory model therapy prior to
receiving ultrasound therapy. It is possible that post therapy scores show greater
improvement during visual articulatory model therapy simply because it was the first
therapy performed for each participant.
1.9 Purpose of current study
The purpose of this current study is to evaluate the effectiveness of ultrasound
biofeedback therapy in children with cleft palate. Treatment studies conducted with
participants diagnosed with cleft palate mainly included phonological and/or motor
approaches with limited research into cleft palate speech remediation using technology
(McAllister Byun et al., 2014). Previous studies have used ultrasound therapy with
success in children without cleft palate to remediate residual speech errors (Mcallister
Byun et al., 2014; Preston et al., 2017; Cleland et al., 2015). Limited studies have been
conducted with special populations and those performed did not include participants with
significant structural abnormalities such as those seen in cleft of the primary and
secondary palates. Studies performed with special populations include: children with
cochlear implants, childhood apraxia of speech, and submucous cleft (Gibson, 2017;
Preston et al., 2013; Preston et al., 2015, Roxburgh et al., 2015). Previous studies are
limited with regards to errors targeted, as well as populations targeted. Three of the
26

Texas Tech University Health Sciences Center, Amanda Parks, May 2018
previous studies conducted with ultrasound primarily focused on residual /r/ errors
(McAllister Byun et al., 2014; Preston et al., 2015; Cleland et al., 2015). Only four
studies have been conducted which did not include residual /r/ error treatment (Preston et
al., 2017; Gibson, 2017; Preston et al., 2013; Roxburgh et al., 2015). This study aims to
expand current research available regarding effectiveness of ultrasound by targeting
sounds that have not been introduced in previous research (e.g., /d/) in children with
significant structural abnormality and seeks to provide evidence regarding the use of this
technology for speech therapy with children with cleft palate.

II. Methods
2.1 Participants
The present study included two English-speaking males with repaired cleft palate.
These participants were referred from a speech-language pathologist with the University
Medical Center cleft-palate clinic. When initially pre-tested for inclusion, Child A was 6
years and 7 months old (6:7) and Child B was 4:10. Child A had a repaired cleft palate
and lip with an unrepaired fistula. Child B had a repaired cleft palate and lip. Child B’s
oral mechanism exam was significant as a class III malocclusion (i.e., under-bite) was
present. Testing and case history revealed no concomitant disorders, syndromes, or
disabilities. The Kaufman Brief Intelligence Test was performed with each participant to
test IQ. Both children scored within the average range (i.e., 85-115 standard score) for
their age groups. Child A received a standard score of 93 and Child B received a standard
score of 90. The Clinical Evaluation of Language Fundamentals (CELF), Fifth Edition
Screening test was performed with both children to screen for concomitant language
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disorders. Both children scored within normal limits for their age groups, indicating
typical language development. Both participants received speech therapy services
through the public school system, but articulation errors continued to persist. Ultrasound
therapy was not used in the school system.
Child A’s case history included a repaired unilateral, left, total cleft of the primary
and secondary palate and an unrepaired fistula. The fistula was located to the anterior left
of the hard palate. Initial lip repair was performed in 2010 when he was 3 months old and
palatal repair surgery was performed in May 2011 when he was 10 months old. Child A
received three surgical interventions for the fistula, without successful repair. Current
fistula size was noted to be approximately 3 millimeters in the most current
otolaryngologist report. Child A was fitted with an obturator to mitigate the effects of his
fistula. However, the obturator was used inconsistently according to parent report.
According to Pinborough-Zimmerman, Canady, Yamishiro, and Morales (1997), changes
in the presence of nasal emissions resulting from fistulas equal to or greater than three
millimeters in size, require continuous wear over a period of 4 to 7 weeks. In connected
speech as well as isolated word production, Child A’s voice was characterized by a
breathy quality with the presence of nasal emissions, oral sounds produced nasally (e.g.,
/f/ through nasopharynx), nasal resonance, and distorted consonants, all consistent with
misarticulations resulting from the unrepaired fistula. Child A exhibited overall low tone
in facial muscles and the case history was significant for nasal food regurgitation due to
the unrepaired fistula. The Goldman-Fristoe Test of Articulation-3 (GFTA-3), Sound-InWords subtest was administered and Child A achieved a standard score of 40, which is
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less than .1 percentile ranking as compared to same aged peers. His age equivalent score
was 2:10-2:11.
Child A’s percent consonants correct (PCC) was determined in order to compare
Child A’s speech to the adult form using Shriberg et al. (1997) guidelines. Percent
consonants correct is calculated when the total number of consonants correct is divided
by the total number of consonants present and multiplied by 100. Percent consonants
correct for Child A was indicative of a moderate-severe disorder with a PCC of 58%
(Shriberg, et al. 1997; Sriberg & Kwiatkowski, 1982).
Table 1 provides the vowel inventory for Child A. Child A produced all vowels,
with the exception of /ʊ/, /ɔ/, /ɚ/, /ɝ/. Vowels /ʊ/, /ɔ/, and /ɝ/ were not elicited in the
GFTA-3 protocol and were not included in evaluation of vowel inventory. Vowel /ɚ/ was
produced as schwa in all opportunities within the GFTA-3. All monophthong vowels
excluding rhotics are expected to be present by age four (Shriberg, 1993). Rhotics
typically appear by age six (Shriberg, 1993). Child A did not have rhotic vowels or /ɚ/ at
the start of the study, which categorized his speech as delayed for vowel development.
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Table 1: Child A’s Vowel Inventory
Front
High

Central

/i/

Back
/u/

/ɪ/
Mid
Low

/e/

/ə/

/ɛ/

/ʌ/

/o/

/æ/

/ɑ/

________________________________________________________________________
Child A’s consonant inventory is provided in Table 2. Consonant phonetic and
phonemic inventory were identical, with the exclusion of consistent, accurate use of
target /j/ within the phonemic inventory. Child A’s speech included distortions of highpressure consonants due to nasal emissions and nasalization of sounds. Voiceless
fricatives were produced inconsistently through the nasopharynx and perceptually created
a nasal snort, in which air was rapidly channeled through the nasal cavity (Kummer,
2001). Voiced fricatives were produced with nasal emissions and nasalization of sound.
Consonantal /r/ was omitted or substituted with a vowel in all opportunities. Clusters
including /r/ and /k/ in word initial position were reduced or omitted in all opportunities.
Table 2: Child A’s Consonant Inventory
Bilabial Labio-Dental Inter-dental Alveolar
Stop
p, b
t, d
Nasal

m

Glide

w

Fricative

Palatal

n

Velar
k

Glottal
ʔ

ŋ
j

f, v

ð

s, z

Liquid

ʃ

h

l

Affricate

tʃ, dʒ

Child A’s speech included both persisting and non-developmental phonological
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processes. While phonological processes occur in typically developing children, some
processes are considered persisting if present past the average age of resolution and nondevelopmental if not observed in typically developing children (Hodson & Paden, 1981).
Child A exhibited persisting processes, which included gliding, vowelization, and
epenthesis. Observed non-developmental processes in Child A’s speech included:
backing, glottal replacement, and nasalization of sounds. By age five, processes are
suppressed by the majority of typically developing children; however, some children may
still use gliding of /r/ and /l/ or stopping of interdental targets past this age (Grunwell,
1987).
Child B’s case history included repaired total, bilateral cleft lip and palate, and PE
tube placement. Initial surgical repair of the lip was performed in 2012 when he was 4
months old and primary palatal repair was performed in 2013 when he was 11 months
old. PE tubes were also placed in 2013. Child B’s hearing was reported to be within
normal limits in the last report by the otolaryngologist. Child B’s oral mechanism was
significant for class III malocclusion (i.e., under bite) with the upper dentition located
posterior to typical placement and an unrepaired fistula measuring 1.6 millimeters,
located posterior to the upper dentition. The class III malocclusion affected placement for
alveolar sounds, as the alveolar ridge was located more posteriorly due to structural
abnormalities. The unrepaired fistula did not result in significant air escape during oral
sounds due to its small size. The GFTA-3 was administered and Child B performed with
a standard score of 40 at the 90% confidence interval with a percentile ranking of less
than .1 percent as compared to same-aged peers. Performance was consistent with speech
for children age 2:10-2:11. Table 3 includes Child B’s vowel inventory. All tested vowel
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targets within the GFTA-3 were correctly produced and informal observation did not
reveal any deficits related to vowel production.
Table 3: Child B’s Vowel Inventory
Front
High
/i/

Central

Back
/u/

/ɪ/
Mid

Low

/e/

/ə/ /ɚ/

/ɛ/

/ʌ/

/æ/

/o/

/ɑ/

Table 4 includes Child B’s consonant inventory. Child B’s consonant inventory
was small, and included only two later developing phonemes (i.e., /v/, /l/). Inventory size
was consistent with that of a typical 2-year-old with a prevalence of stops, nasals, and
glides. A collapse was observed for all fricatives and affricates to a backed position of /k/
or /g/ with the exception of one observed instance of correct /v/ and /s/ production.
Alveolar stops were also consistently substituted by /k/ and /g/ with the exception of one
accurately produced /d/. Phonetic inventories are typically complete by age six, with the
exception of clusters. Percent consonants correct for Child B was 30%, indicating a
severe impairment (Shriberg, 1997; Shriberg & Kwiatkowski, 1982).
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Table 4: Child B’s Consonant Inventory
Bilabial Labio-Dental Inter-dental Alveolar
Stop
p, b
d
Nasal

m

Glide

w

Fricative

n

v

Palatal

Velar
k, g

Glottal

ŋ

h

Liquid

l

Affricate
Child B’s speech included non-developmental and persisting processes. Nondevelopmental backing was present with a frequency of 65% in words within the GFTA3 and non-developmental initial consonant deletion was present in 20% of productions.
Persisting processes typically resolved by three years old included: assimilation and final
consonant deletion (Grunwell, 1987).
2.2 Study design
This study was conducted using a modified time-series design, due to the
flexibility of this design. A time-series design collects multiple observations of the
dependent variables pre, during, and post treatment (Hegde, 2003). A single-group timeseries design is conducted by collecting baseline data for each participant, probes
following each treatment session, and baseline following completion of treatment.
Traditional time-series designs do not establish baseline stability before the introduction
of treatment or compare treatment outcomes to continued baseline of untreated sounds. In
this study, a modified time series design was used in which baseline measures were
collected three times prior to the start of therapy and untreated probes were compared to
treated probes across sessions. Hegde (2003) argues that although a time-series design is
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considered quasi-experimental, and therefore less controlled than the results of an
experimental design, with a “reasonably stable” measure prior to treatment, results may
“strongly suggest a relation that can be confirmed with additional research” (p. 289).
2.3 Selected targets and probes
Based on formal and informal evaluation results, consonantal /r/ was selected as a
target for Child A, and the voiced alveolar stop /d/ was selected for Child B. Although
Child B’s phonetic inventory (see Table 4) includes the /d/ sound, he correctly produced
/d/ only once during the evaluation. The target sound /r/ was chosen for Child A because
the other consonantal errors were mainly due to obligatory errors resulting from the
unrepaired fistula. Target /r/ was omitted or replaced by /w/ during the evaluation, and /r/
is relatively unaffected by nasal emissions as it is not a high pressure consonant.
In addition to the target sound for Child A, /sk/ and /br/ were also chosen as
untreated control sounds in order to confirm the treatment effect. During the evaluation,
all productions of /k/ were omitted or replaced with a glottal stop. For Child B, /tʃ/ and /s/
were selected as the untreated control sounds. Ten words for each target and control
sound were selected. These probes were collected at baseline, at the end of each session,
and at maintenance intervals of two weeks and two months post therapy. Table 5 includes
the probes used in this study
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Table 5: Experimental Probes
Child A
Word Initial /r/

Word Initial /sk/

Word Initial /br/

Rail

Ski

Bread

Rose

Scar

Bride

Ray

Score

Brick

Ring

Skip

Bring

Rain

School

Brace

Run

Scope

Bridge

Rib

Skid

Breeze

Red

Sky

Brain

Rug

Skin

Bright

Road

Skate

Break

Child B
Word Initial /d/

Word Initial /s/

Word initial /tʃ/

Dad

Sock

Chick

Doll

Seat

Chip

Dean

Sun

Chair

Dough

Seed

Cheese

Dog

See

Chalk

Deep

Sick

Chin

Day

Sack

Chain

Dip

Same

Cheek

Dot

Soap

Chief

Dew

Soup

Chase
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2.4 Intervention procedures
Thirty minutes of ultrasound intervention was provided from February to April 2017.
The number of sessions varied depending on the child’s schedule and availability. Child
A received treatment once a week for eight weeks and Child B received intervention
twice a week for 11 weeks. Prior to the start of each session, participants were
familiarized with the equipment and were encouraged to identify tongue movement on
the ultrasound machine. Following confirmation that the child understood the screen to
tongue correspondence, ultrasound therapy was conducted. During ultrasound therapy,
sounds were elicited first in isolation. After initial elicitation in isolation, words were
elicited. The participants were encouraged to provide feedback about their performance
through out the use of ultrasound (e.g., “the back moved not the front”). For Child A, the
/r/ target produced an image that looked like a horse’s saddle. Child A was prompted to
“look for the saddle” to correctly produce the /r/ target. For Child B, the /d/ target showed
movement of only the blade of the tongue and Child B was prompted to point to which
part of the tongue moved on the screen. Ultrasound therapy was provided during the
initial 10-15 minutes of each session, and traditional drill play activities followed for 5-10
minutes using half of the selected probe words. Drill play was conducted using the
traditional motor approach to therapy with a focus on shaping, placement of articulators,
modeling, and numerous repetitions within a game setting (e.g., board games, crafts). The
remaining time was used to collect probes of target and control words. For this study, the
GE Logiq e ultrasound unit with the 8c curvilinear transducer was used (see Figure 2).
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Figure 3: GE Logiq e ultrasound unit (Lee, Wrench, and Sancibrian, 2015).

2.5 Transcription reliability
At the end of each session, probe data were collected. All probes were transcribed by
the primary investigator using the international phonetic alphabet (IPA). Transcription
inter-rater reliability was established by comparing this transcription to an undergraduate
speech-pathology student’s transcription of probes. All probes collected prior to and
during treatment were compared and total number of agreements was divided by total
number of collected probes. Reliability was 51% for Child A and 70% for Child B.
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III. Results
3.1 Child A results
Figure 3 shows the percent accuracy of the target and control sounds collected
during baseline, treatment, and follow-up sessions. Three baseline probes were collected
for the treatment target and controls prior to the start of therapy. While initial /r/ was
produced with 0% accuracy, initial /sk/ or /br/ were produced between 0% and 20% or
between 0% and 10% accuracy, respectively
Probes 4 to 11 were collected at the end of each treatment session. Production of
initial /r/ showed steady improvement and produced with 70% accuracy in the 6th session.
Child A’s percent accuracy for /r/ continued to increase and reached 90% accuracy in the
final session. Probes /sk/ and /br/ continued to fluctuate throughout the study, but probe
/sk/ and /br/ remained relatively stable at 20% accuracy during the treatment phase.
A maintenance probe was collected at two weeks and two months post intervention.
Target /r/ performance was maintained at 72% accuracy during the 2-week follow up and
increased to 82% at the 2-month follow up. The two untreated control probes were also
collected at the 2-week and 2-month follow ups. The /sk/ cluster was produced with 10%
and 20% accuracy during the two follow-ups, respectively. However, production
accuracy of the /br/ sound increased from 40% at the 2-week follow up to 70% at the 2
month follow up.
In order to examine the generalization effect of the target /r/ sound, the production
accuracy of /r/ in sentences was assessed at the 2-week and 2-month follow up. percent
accuracy for /r/ at the sentence level was 40% and 50% at the 2-week and 2-month follow
up, respectively
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Figure 4: Child A’s results
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3.2 Child B results
Figure 4 shows the percent accuracy for Child B’s target sound (i.e., word initial /d/)
and untreated sounds (i.e., /tʃ/ and /s/). Similar to Child A, three baseline probes were
collected for the target and control sounds prior to the start of therapy. Baseline for target
and control sounds was established at 0% accuracy, and the two control sounds remained
stable for the duration of the study.
Treatment probes 4-19 were collected at the end of each therapy session. Production
accuracy for the target sound /d/ increased gradually during the study and Child B
reached 60% accuracy during the 12th session (i.e., data point 15). This was the highest
level of accuracy achieved during the study and this level of performance was not
repeated. Accuracy for target words fluctuated but remained relatively stable around
30%. While the production accuracy for target sound /d/ increased during the study, the
two untreated controls were produced with 0% accuracy.
Data points 20-21 indicate maintenance probes that were collected at 2 weeks and 2
months post-therapy. Production accuracy for word-initial /d/ was 30% at the 2-week and
42% at the 2-month follow up. The two untreated controls remained at 0% accuracy. As
with Child A, generalization of /d/ sound was assessed in sentences. Production accuracy
in sentences remained at 27% accuracy during both post-therapy sessions.
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Figure 5: Child B’s results
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IV. Discussion
The goal of this study was to examine the effectiveness of ultrasound technology
in children with repaired cleft palate. During intervention, ultrasound was used as a visual
aid to assist in the correct articulatory placement for target sounds. Targets were elicited
in isolation and words during therapy sessions. Follow-up probes assessed the
maintenance of the sound at word level and the generalization of the sound to sentences.
Child A completed eight sessions, which resulted in mastery of the target at word level
with good maintenance at each follow up. Child B completed 16 sessions and showed
limited progress.
4.1 Child A
Similar to typically developing children with articulation disorders, children with
cleft palate may also demonstrate residual /r/ errors, and Child A’s /r/ error was relatively
unaffected by the presence of a repaired cleft palate. The target /r/ has been studied by
previous researchers using ultrasound therapy (McAllister Byun et al. 2014; Cleland et al,
2015; Preston et al., 2016). These studies commonly reported that children who received
ultrasound intervention demonstrated increased production accuracy during intervention
as compared to baselines. Child A’s results were consistent with these studies as
acquisition of the target sound reached 90% and maintenance was 82% at the 2-month
post-therapy probe (see Figure 3).
Preston et al. (2016) showed limited generalization of less than 10% accuracy of
the target /r/ to new contexts (e.g., word position) when a bunched placement was used.
The present study found that Child A’s generalization to new contexts including
sentences remained below 70% for all post-therapy probes; however, Child A generalized
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production of initial /r/ to the /br/ cluster. The production accuracy of the /br/ cluster
reached 70% during the final post-therapy probe. These two targets are linguistically
similar as they require the accurate production of the consonantal /r/ at word level, which
may have resulted in higher accuracy of the /br/ probe as compared to more linguistically
complex generalizations (i.e., sentence level). While Child A’s results provide limited
information on the effectiveness of ultrasound therapy as it pertains to cleft-palate
speech, the present study provided additional evidence of the effectiveness of ultrasound
in treating the /r/ phoneme which suggests that ultrasound biofeedback therapy continues
to provide good outcomes for acquisition and maintenance of /r/ in children, regardless of
a history of cleft palate.
4.2 Child B
Child B’s speech errors were typical of those seen in children with cleft palate. In
particular, Kummer (2001) noted that the initial /d/ is significantly affected in children
with cleft palate. The production accuracy of Child B’s target sound /d/ was lower than
that of Child A’s target sound in the present study, as well as compared to findings of the
majority of previous studies using ultrasound. However, Child B’s results were consistent
with the only known previous study including participants with submucous cleft palate.
Roxburgh et al. (2017) found limited acquisition of the targets (i.e., <60% increase in
accuracy) using both ultrasound therapy and a visual articulatory model in these children.
While a submucous cleft palate does not result in severe structural abnormalities such as
those seen in children with cleft of the primary palate, submucous cleft palate may result
in speech characteristics similar to those with repaired cleft of the primary and secondary
palates (e.g., nasal emissions, low-pressure consonants). In the present study, Child B
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showed similar results in that production accuracy of the target sound remained low and
reached 60% accuracy only once during the study. This performance was not repeated
and post-therapy probes showed poor maintenance and generalization of the target sound.
The agreement between these studies may indicate that ultrasound therapy may not be
effective for children with cleft palate speech errors; however, the discrepancy between
the performance of Child A and Child B may be the result of many factors and not just a
direct result of the influence of cleft-palate speech on the targets selected.
4.3 Comparison of Child A to Child B
The differences between outcomes for Child A and Child B may be attributed to
several factors, such as the severity of the disorder, structural abnormalities, age, and
personality. First, the two children were different in terms of the severity of articulation
disorders. Child A’s articulation disorder could be characterized as moderate with a
variety of consonant classes (i.e., stops, nasals, glides, fricatives, and affricates). In
conversation, Child A was subjectively rated around 85% intelligible to the lead clinician
as requests for clarification, gestures, and restatements were rarely needed, and
articulation errors did not generally impact the reception of the message. In contrast,
Child B could be classified as having a severe articulation disorder with a limited
phonetic inventory including only stops, nasals, and glides, with a total collapse of the
majority of phonemes to velar sounds (i.e., /k/, /g/). In conversation, Child B was
subjectively around 30% intelligible and the lead clinician often used close-ended
questions or encouraged the use of pointing to facilitate communication.
Second, the two participants also differed in terms of the severity of the structural
abnormalities resulting from a history of cleft palate. Child A demonstrated normal
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occlusions, whereas Child B demonstrated a substantial class III malocclusion resulting
from the cleft palate. During intervention, Child B consistently produced a mid-dorsum
palatal stop following the first few sessions of therapy. As Kummer (2001) stated, middorsum palatal stop can be a compensatory articulation directly resulting from the
presence of a class III malocclusion due to the alveolar ridge being located “just above
the dorsum of the tongue, making the mid-dorsum palatal stop a natural articulation
production” (p. 164). The present study considered only correct /d/ production. Thus,
although Child B made an attempt to move his tongue to a more anterior position, his
tongue might have been placed at the mid-dorsum palate area due to crowding within the
oral cavity.
Third, Child A and Child B also differed in terms of age and sustained attention. At
the onset of treatment, Child B was 4:10 and Child A was 6:7. It was consistently
observed that Child A attended better than Child B to the ultrasound during sessions.
Previous studies using ultrasound therapy included older participants that were at least 6
years old (Preston et al., 2013, McAllister Byun et al., 2014, Preston et al., 2016; Cleland
et al., 2015). The only study to include a participant under six years old was the study
conducted by Gibson (2017), which used ultrasound technology with children with
cochlear implants. Gibson (2017) reported that the younger participant with greater
sustained attention improved faster than the older participant with decreased attention.
These findings indicate that sustained attention may have a greater impact on
performance than age.
Finally, Child A’s attitude toward therapy was better than Child B’s. Child A was
compliant and focused during all sessions and did not require support to participate in
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tasks. Child B experienced difficulty with sustained attention and exhibited sensory
seeking behaviors (e.g., fidgeting) during therapy. Child B’s limited participation might
have negatively impacted the quality of each therapy session, as much of the time was
spent addressing behaviors. In summary, Child A and Child B were different in many
aspects and the discrepancy in performance may be due to these differences and not a
lack of effectiveness for cleft palate speech using this modality.
4.4 Efficiency
Effectiveness is defined as the performance of an intervention under real-world
conditions (Revicki & Frank, 1999), while efficiency reports the amount of time an
intervention must be implemented before achieving good outcomes. Child A’s results
indicate that ultrasound therapy was an effective tool; however, Child B’s results might
be difficult to analyze regarding treatment effectiveness due to the complexity of Child
B’s disorder, and it is possible that continued ultrasound therapy would result in greater
progress with the target sound. While effectiveness may be difficult to analyze for Child
B, efficiency comparisons can be used as a secondary means of analysis to determine if
Child B’s lack of progress in relation to time spent in therapy is typical. Pamplona et al.
(1999) indicated that a traditional phonetic approach conducted with children with cleft
palate requires 14-46 months for elimination of speech errors. Furthermore, the national
outcome measures (NOMs) collected by the American Speech-Language and Hearing
Association (ASHA) reported that pre-kindergarten children with articulation disorders
required between 10-40 hours to improve to the next level of function during the years
2006-2010. A level of function is determined by an improvement in communicative
effectiveness (i.e., speech intelligibility) and not by target mastery. The NOMs report also
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indicated that children who received therapy for less than 10 hours were likely to see
limited progress, with 34.3% showing no progress and 37.5% improving only one level.
In the present study, Child B received 8 hours of therapy and showed limited progress
related to level of function. While NOMs data do not provide information regarding the
severity level in relation to the increase in the level of performance, based on the NOMs
and the study by Pamplona et al. (1999), the lack of progress seen in Child B may not be
atypical for same-aged peers with articulation disorders, and the efficiency of ultrasound
therapy may be congruent with that of various articulation therapy techniques conducted
with preschool children. However, it is inconclusive whether ultrasound is less efficient
than the traditional articulation approach. Further studies are warranted to investigate its
effectiveness and efficiency in various clinical settings.
4.5 Limitations of the current study and future directions
This study was limited by factors including the variability of ultrasound use and the
participation of an untrained transcriber for reliability measure. During intervention, each
session was not uniform in that ultrasound was conducted for a variable amount of time
depending on the participant’s attention level. If the child was not attending appropriately
to the ultrasound machine, more time was spent using the traditional motor approach to
therapy. Due to this, it is difficult to determine if the progress seen in each child was due
to the use of ultrasound or the use of intensive traditional therapy. However, the
variability of ultrasound use in sessions was frequently observed in previous studies
(McAllister Byun et al., 2014; Cleland et al., 2015). Further studies are warranted to
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examine how the use of ultrasound affects production accuracy in each session in a more
precise way.
Transcription reliability results were low for both participants. Scores from the
undergraduate transcription were consistently higher than those of the lead clinician in
the study. Thus, all data reported in the present study were from the lead clinician. This
discrepancy may be due to the complexity of the errors produced by both participants.
The undergraduate transcriber may not be familiar with the mid-dorsum stop or nasal
snort. Gooch, Hardin-Jones, Chapman, Trost-Cardamone, and Sussman (2001) completed
a study of transcription reliability between trained and untrained listeners to
compensatory articulations common in children with repaired cleft palate. Researchers
concluded that the accuracy of transcription is poor in untrained listeners, and in trained
listeners it remains extremely varied and often relies on the clinician’s familiarity with
the subtleties of compensatory articulations. Better reliability measure would be obtained
if a trained listener completed the transcription for reliability measures for this present
study.
Future studies should also seek to analyze the usefulness of ultrasound therapy in
conjunction with various approaches for children with cleft palate speech. Previous
studies (Pamplona et al., 1999; Whitehill, Francis, and Ching, 2003) suggested a
phonological-based approach with an increased focus on perceptual training might be
more effective for this population. Further studies might compare effectiveness between
the phonetic approach using ultrasound and the use of ultrasound in conjunction with a
phonological approach, with or without perceptual training.
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Finally, the present study adopted a time-series design. Future studies should include
participants that are statistically matched (e.g., equivalent age, severity) to increase
internal validity. Studies should also seek to conduct research using a multiple-baseline
approach, which provides greater control and can be generalized to the population when
given enough participants and data.
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