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Abstract
Background&Aim: To assess consonant proficiency and velopharyngeal func-
tion in 10-year-old children born with unilateral cleft lip and palate (UCLP)
within the Scandcleft project.
Methods & Procedures: Three parallel group, randomized, clinical trials were
undertaken as an international multicentre study by nine cleft teams in five
countries. Three different surgical protocols for primary palate repair (Arm B–
Lip and soft palate closure at 3–4 months, hard palate closure at 36 months,
Arm C–Lip closure at 3–4 months, hard and soft palate closure at 12 months,
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and Arm D–Lip closure at 3–4 months combined with a single-layer closure of
the hard palate using a vomer flap, soft palate closure at 12 months) were tested
against a common procedure (Arm A–Lip and soft palate closure at 3–4 months
followed by hard palate closure at 12 months) in the total cohort of 431 children
bornwith a non-syndromicUCLP. Speech audio and video recordings of 399 chil-
dren were available and perceptually analysed. Percentage of consonants correct
(PCC) from a naming test, an overall rating of velopharyngeal competence (VPC)
(VPC-Rate), and a composite measure (VPC-Sum) were reported.
Outcomes & Results: The mean levels of consonant proficiency (PCC score) in
the trial arms were 86–92% and between 58% and 83% of the children had VPC
(VPC-Sum). Only 50–73% of the participants had a consonant proficiency level
with their peers. Girls performed better throughout. Long delay of the hard palate
repair (Arm B) indicated lower PCC and simultaneous hard and soft palate clo-
sure higher (Arm C). However, the proportion of participants with primary VPC
(not including velopharyngeal surgeries) was highest in Arm B (68%) and lowest
in Arm C (47%).
Conclusions & Implications: The speech outcome in terms of PCC and VPC
was low across the trials. The different protocols had their pros and cons and
there is no obvious evidence to recommend any of the protocols as superior.
Aspects other than primary surgical method, such as time after velopharyn-
geal surgery, surgical experience, hearing level, language difficulties and speech
therapy, need to be thoroughly reviewed for a better understanding of what has
affected speech outcome at 10 years.

KEYWORDS
consonant proficiency, palatal surgical protocols, randomized controlled trial (RCT), unilateral
cleft lip and palate (UCLP), velopharyngeal competence (VPC) velopharyngeal incompetence
(VPI)

WHAT THIS PAPER ADDS
What is already known on the subject
∙ Speech outcomes at 10 years of age in children treated for UCLP are sparse
and contradictory. Previous studies have examined speech outcomes and the
relationship with surgical intervention in 5-year-olds.

What this study adds to the existing knowledge
∙ Speech outcomes based on standardized assessment in a large group of 10-
year-old children bornwithUCLP and surgically treated according to different
protocols are presented. While speech therapy had been provided, a large pro-
portion of the children across treatment protocols still needed further speech
therapy.

What are the potential or actual clinical implications of this work?
∙ Aspects other than surgery and speech function might add to the under-
standing of what affects speech outcome. Effective speech therapy should be
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available for children in addition to primary surgical repair of the cleft and
secondary surgeries if needed.

INTRODUCTION

The evidence base to guide clinical teams in the selection
of the best possible surgical procedure and surgical tim-
ing, taking account of both maxillary growth and speech
development (Peterson-Falzone, 2013), is still weak (e.g.,
Reddy et al., 2017; Semb et al., 2017; Shaw et al., 2015). This
lack of evidence was the motivation behind the interna-
tional randomized clinical project Scandcleft. The primary
outcomes of speech and dentofacial development after dif-
ferent surgical protocols in children born with unilateral
cleft lip and palate (UCLP)were first investigated at 5 years
of age (Semb et al., 2017). The focus of the present article is
speech outcome at 10 years of age.
The Scandcleft project commenced in 1997. It compared

the outcomes of different surgical protocols and included
ten established cleft centres in five countries (Semb et al.,
2017). Three randomized trials were started (Trials 1–3),
and in each trial the local protocol (Arms B–D) was com-
pared against the common protocol, Arm A (Table 1).
Two languages were included in each trial (Trial 1 Dan-
ish and Swedish, Trial 2 Finnish and Swedish, and Trial
3 English and Norwegian). Speech results in the Scand-
cleft project at age 5 years revealed few differences related
to surgical method. Consonant proficiency was assessed
in terms of percentage of consonants correct (PCC), origi-
nally developed by Shriberg and Kwiatkowski (1982) and
used as a severity measure based on phonetically tran-
scribed connected speech. PCC has later been used with
target consonants in-word tests to assess articulation skills
in children with and without using the severity measure
(Lohmander & Persson, 2008; Scherer et al., 2008; Klintö
et al., 2014). Further, this modified PCC has been rec-
ommended as a standard overall measure of consonant
articulation by the International Consortium for Health
Outcomes Measurement (ICHOM) (Allori et al., 2017).
The only statistically significant difference in the Scand-

cleft project at age 5waswith the PCC score. ArmB in Trial
1, with long delay hard palate closure at age 3, showed a
significantly lower PCC score than short delay hard palate
closure at 12 months of age (Arm A) (Willadsen et al.,
2017). Both Arms A and B had their soft palate closed at 3–
4 months of age. The highest proportion of children with
age-appropriate (> 90%) PCC scores were 44% (Arm D,
early hard palate closure with vomer flap at 3–4 months of
age and hard palate closure at 12months). This benchmark
measure (PCC> 90%)was not significantly different in any

of the three trials (Hammarströmet al., 2020; Persson et al.,
2020; Willadsen et al., 2019). The outcome of velopharyn-
geal function at age 5was based on the validated composite
variable (VPC-Sum). This variable included assessments
of target sounds in single words by narrow phonetic tran-
scription on the speech characteristics of velopharyngeal
incompetence (VPI); (1) passive VP symptoms; audible
nasal air leakage accompanying oral pressure consonants
(including nasal emission and nasal turbulence), reduced
pressure on oral pressure consonants; and (2) presence of
non-oral errors and active nasal fricatives. The presence of
an error was decided depending on the number of conso-
nant tokens affected (less than three= absent, three to five
affected = present with a mild occurrence, and more than
six affected =moderate to severe occurrence).
The final characteristic (3) hypernasalitywas assessed by

category scale rating on nine of the single words, including
high vowels in similar context edited to a string without
pauses (Lohmander et al., 2017b). The summary from all
included variables varied between 0 and 6 and represented
the VPC-Sum. No statistically significant differences in
velopharyngeal function across trials were found. The sur-
gical method with highest prevalence of velopharyngeal
competence (VPC), assessed using the VPC-Sum, had 62%
(Arm B, Trial 1; long delay hard palate closure) (Lohman-
der et al., 2017a). A comparison across centres at age 5 in
the Scandcleft project found a substantial variation in out-
come of the same surgical method (Hammarström et al.,
2020; Persson et al., 2020; Willadsen et al., 2019). This
implied that other factors such as surgeons’ learning curve
(Rautio et al., 2017), skills and experience (Williams et al.,
1999; Shaw & Semb, 2017) should be taken into account.
It is also important to follow the effect of time, as speech

is expected to improve with increasing age (Lohmander,
2011). A few studies have reported speech outcomes at
10 years of age (Brunnegård & Lohmander, 2007; Feragen
et al., 2017; Havstam et al., 2011; Lohmander et al., 2006,
2012; Morrison et al., 2022; Nyberg et al., 2014), one at 11–
14 years (Grunwell et al., 2000), and one at 12 years (Sell
et al., 2001). This age is often chosen as children have spent
some years in school and, depending on the school sys-
tem, they are often about to start secondary school, giving a
higher demand on their speech. Further, this age was rec-
ommended in practice guidelines following the Eurocleft
project (Shaw et al., 2001).
Besides surgical methods, timing of surgery, and sur-

gical skills and experience, other factors such as gender,
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amount of speech therapy and hearing level may influence
speech outcome. Two large scale studies have reported a
gender difference in children with UCLP at age 5 (Butter-
worth et al., 2022; Willadsen et al., 2017). Girls had better
articulation compared with boys (Butterworth et al., 2022;
Willadsen et al., 2017) and boys had lower odds of achiev-
ing speech within the normal range (Butterworth et al.,
2022). It remains to be studied if a gender difference is
present in 10-year-olds born with UCLP.
Young children with cleft palate demonstrate a higher

prevalence of otitis media with effusion (OME) than
children without cleft palate and this trend seems to con-
tinue throughout childhood and into adolescence with a
decrease in OME as children become older (Flynn et al.,
2013; Kwan et al., 2011; Yang et al., 2012). While OME does
not necessarily cause a hearing loss, mild fluctuating con-
ductive hearing loss is often associated with OME (Flynn
et al., 2009; Kwan et al., 2011), which could influence
speech–language development (Broen et al., 1998; Schön-
weiler et al., 1999), and may be a predictor of poor speech
(Hall et al., 2017).
The peer-reviewed evidence for the benefit of speech

therapy for individuals born with CLP is uncertain
(Vallino-Napoli, 2011), and is given with a wide range of
interventionmethods (Williams et al., 2021)without strong
evidence to support the effectiveness of any specific inter-
vention in children with cleft palate (Bessell et al., 2013).
However, Sand et al. (2022) concluded that many individ-
uals benefit from speech therapy, even though less than
a third of the individuals’ speech production reached the
level of their peers after speech therapy. Therefore, it is
important to control for the number of speech therapy
visits across arms and trials.

Consonant proficiency in 10-year-olds born
with UCLP

Consonant articulation outcomes have most commonly
been reported with a focus on error types related to
the cleft palate condition, active cleft speech character-
istics (CSCs) (John et al., 2006). The focus has mainly
been on active posterior/retracted oral CSCs including
palatal/velar realizations of alveolar consonants and non-
oral errors such as glottal articulation of oral consonants
(Willadsen et al., 2017). The most common proportion of
the error type, retracted oral articulation, that is, palatal
or velar for dental/alveolar stops, was below 10% in 10-
year-olds with UCLP. This was assessed by rating the
occurrence on a five-point scale (n = 147) with very
similar definitions. Later the assessments were pooled
to a three-point scale: (0) normal/absent/slight, mild,
(1) moderate and (2) severe/almost always (Lohmander

et al., 2006; Nyberg et al., 2014) or a four-point scale:
(0) normal/absent/slight, (1) mild, (2) moderate and (3)
severe/almost always (Lohmander et al., 2012). Havstam
et al. (2011) used an overall four-scale rating of articulation
and reported a similar outcome; less than 15% (n= 54) had
moderate to severe deviance including oral retracted and
glottal articulation. Speech was rated on repeated standard
sentences inmost studies (Havstamet al., 2011; Lohmander
et al., 2006; 2012; Nyberg et al., 2014). Grunwell et al. (2000)
used a different approach in their cross-linguistic study
(n = 131) and rated target consonants in sentences as cor-
rect, almost correct or incorrect. The target consonant /s/
was the only consonant rated incorrect in more than 5% of
the possible consonants. Nyberg et al. (2014) reported that
30% (n = 69) of 10-year-olds had s-distortions, such as lat-
eral, palatal or interdental (scale value 2–4). Thus, despite a
variety of assessmentmethodologies, speechmaterials and
languages included, these studies have reported a rather
low prevalence of CSCs but often with long-lasting diffi-
culties with s-distortions. Although this implies a rather
high consonant proficiency, this has not been investigated
in 10-year-olds.

Velopharyngeal function in 10-year-olds
born with UCLP

Adequate velopharyngeal function is a main goal in the
treatment of cleft palate and is closely related to the success
of the primary surgery of the palate. Overall perceptual rat-
ings have been found to be representative of the listeners’
overall impression of degree of velopharyngeal impair-
ment (e.g., Karnell &VanDemark, 1986;McWilliams et al.,
1981) and a sum of assessed speech symptoms of velopha-
ryngeal insufficiency (composite score) reliable (Pereira
et al., 2021). Further, the composite scores correlate well
with an overall perceptual rating of velopharyngeal func-
tion (Dotevall et al., 2002; Lohmander et al., 2009). As
earlier described the validated composite variable (VPC-
Sum) in the Scandcleft project was based on assessments
of target sounds in single words and a scale rating of hyper-
nasality (Lohmander et al., 2017b). VPC rating (VPC-Rate)
on the other hand, was based on an overall rating of per-
ceived velopharyngeal function of connected speech along
a three-point ordinal scale.
Havstam et al. (2011) applied an overall rating procedure

on a four-point scale (competent, marginally incompetent,
mildlymoderately incompetent and severely incompetent)
on speech material based on standard sentences. They
found that almost half the group with cleft palate (+/–
lip) had mildly or moderately incompetent VP function at
10 years of age. In comparison, only 7% had this difficulty
in the UCLP group investigated by Nyberg et al. (2014).
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However, in that study, an estimation of primary VPI was
50%. That is, when adding the number of children who
had received secondary velopharyngeal surgery to improve
speech (43%) to the groupwith perceivedVPI (7%) at age 10
years. Also, primary VPI in approximately half the UCLP
group was reported by Lohmander et al. (2006) with mild
to moderate VPI found in 38%, and in addition 15% had
received velopharyngeal flap surgery, which is a type of
velopharyngeal surgery. In summary, primary VPC seems
to have been obtained in about half of the children treated
for UCLP.
The evidence base for the best possible surgical pro-

cedure and timing of surgery for children born with
UCLP is still weak. To date, information on speech out-
come in school-aged children around 10 years of age
treated for UCLP report rather poor group results (Havs-
tam et al., 2011; Lohmander et al., 2006; Nyberg et al.,
2014) and include few individuals. Therefore, further infor-
mation on speech outcome after primary surgical repair
in this age group is warranted and would further clar-
ify the relationship between surgical protocol and speech
outcome.
The overall aim of the study was to describe and com-

pare speech proficiency outcomes at 10 years of age in the
Scandcleft project after different surgical protocols of the
cleft palate. The following research questions were posed:

∙ What is consonant proficiency (PCC score) like at age
10 years and is it influenced by surgical protocol (Arm
A, B, C or D), velopharyngeal competence at the same
age, or gender?

∙ What is Velopharyngeal competence like at age 10 years
and is it influenced by surgical protocol (Arm A, B, C or
D) or secondary pharyngeal surgeries?

METHOD

Participants

A total of 448 children born with non-syndromic complete
UCLPwere recruited during a 9-year period (1997–2006) to
the Scandcleft project. To be included in the trials children
should be of Caucasian origin, have a maximum width of
5 mm of a possible soft tissue bridge (Simonart’s band)
and the native language of the country of residence had
to be spoken by at least one caregiver. For a more thor-
ough description of the recruitment, randomization and
participant flow, see Semb et al. (2017). Outcomes from the
main outcome age at 5 years have been reported (e.g., Ham-
marström et al., 2020; Lohmander et al., 2017a; Persson
et al., 2020; Semb et al., 2017; Willadsen et al., 2017, 2019)
and follow-up data from age 10 have been collected. One

British centre in Trial 3 (n= 17) did not continue follow-up
beyond 5 years of age due to lack of resources and ethi-
cal approval. Accordingly, this study reports findings from
nine centres with 431 eligible participants randomized to
the trial. Speech recordings at age 10 were available from
399 of 431 participants (92.6%; 140 girls, 259 boys) with vari-
ation between trials (Trial 1: 97.3%; Trial 2: 82.8%; Trial 3:
87.2%). They were recorded at a mean age of 10.09 years,
standard deviation (SD) = 0.26. Thus, 32 recordings were
missing. Either the children did not attend the 10-year visit
(n= 18), did not cooperate (n= 2), the recording equipment
did notwork (n= 2) or theywere not recorded at one centre
due to lack of resources (n = 10).
Three parallel clinical trials evaluated the outcome of

a standard surgical protocol (Arm A) against three dif-
ferent surgical protocols (Arms B–D) (Table 1). Trial 1
compared speech outcome in relation to timing of hard
palate closure; Arm A (short delay in hard palate closure
at 12 months of age) and Arm B (long delay in hard palate
closure at 3 years of age). In both arms the soft palate was
repaired at 3–4 months of age. Trial 2 compared a two-
stage procedure with a one-stage procedure; Arm A (short
delay in hard palate closure at 12 months of age and soft
palate closure at 3–4 months of age) and Arm C (simulta-
neous hard and soft palate closure at 12 months of age).
Trial 3 compared the sequence in two-stage procedures;
Arm A (short delay in hard palate closure at 12 months
of age and soft palate closure at 3–4 months of age) and
Arm D (early hard palate closure with vomer flap at 3–
4 months of age and soft palate closure at 12 months of
age). All children were randomized to one of the two sur-
gical procedures performed at the child’s cleft centre. For
a more detailed description of the surgical procedures, see
Rautio et al. (2017).
Ethical approval was obtained in each participating

country. The study has trial registration ISRCTN29942826.

Secondary pharyngeal surgeries

By 10 years of age, a total of 118 children (29.6%) had
received secondary pharyngeal surgery. A total of 33 of
these had their surgery before age 5 years. Table 2 pro-
vides an overview of the distribution of number of children
having received secondary pharyngeal surgeries (%) and
statistical analysis by trial and arm. Decision on secondary
pharyngeal surgery were based on the local cleft centres’
regular protocols. Around half of the procedures were
velopharyngeal flaps and around one quarter was the Fur-
low procedure. The remaining included other procedures
or combinations of procedures. There was no statistically
significant difference between arms in any of the three
trials.
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Speech therapy visits

Total number of speech therapy visits up to 10 years
of age including the routine visits at the cleft clinic,
follow-up visits, and speech and language intervention
visits are summarized and calculated in Table 2. Infor-
mation regarding type of intervention was not available.
In Trial 1, Arm B had a statistically significant higher
number of speech therapy visits (mean = 63.4) compared
with Arm A (mean = 29.7), t = −3.67; p < 0.001. There
were no other statistically significant differences between
arms.

Hearing

Pure tone audiometry (PTA) was performed in 275 out of
395 (69%) children at age 10; in Trial 1 87%, in Trial 2 48%
and in Trial 3 69%. Average hearing thresholds (PTA) on
four frequencies (500, 1000, 2000 and 4000Hz)were calcu-
lated for the best ear. As pure tone audiometry wasmissing
in 120 children, only descriptive data are reported. In Trial
1, one (1.5%) out of the 63 children had mild hearing loss
(21–40 dBHL) and one (1.5%) had moderate hearing loss in
Arm A. In Arm B seven (11%) out of 62 had mild hearing
loss. In Trial 2, which only included half of the group, one
(3.6%) out of the 28 children had mild hearing loss in Arm
A, and one (3.2%) out of the 31 tested in Arm C had mild
hearing loss. In Trial 3, where approximately two thirds of
the group were included, five (11%) out of 45 in Arm A had
a mild hearing loss compared with two (4.6%) out of 43
children in Arm D.

Procedure

Speech material

Consonant articulation was assessed at age 10 by means
of the same single-word naming test developed for each
one of the five included languages for possible use at
age 3 years. To minimize the influence of language back-
ground, we included a restricted speech material of target
consonants that were as similar as possible across the lan-
guages. The language-specific target words were selected
based on a common set of phonetic principles, for exam-
ple, the target consonant should be in strong position and
should be followed by a vowel, and the words should not
include nasals or consonant clusters (see Lohmander et al.,
2009, for a full description). In addition, target consonants
should be vulnerable to the cleft condition and therefore
mainly obstruents were included (high-pressure sounds)
(e.g., Hutters & Henningsson, 2004).

The restricted single-word naming test contained 33
words, with one of the target consonants /p t k b d g f s v
n/ in each word. Each target consonant was assessed three
times in different words in word-initial, stressed position,
except for /s/ that was also assessed three times in word-
final position as this is established earlier than the initial
position in younger children (Lohmander et al., 2009).
Finnish was an exception as the language does not include
/ b d g f /. Therefore, the Finnish naming test included
six examples of /p t k/ and a total of 30 target words. The
other consonants were the same as for the other languages
(Lohmander et al., 2009). For the single-word naming test,
reading was used; if this failed, a hierarchy of picture
naming, semantic prompting or word repetition was used.
The examiner repeated the target words after the child
to identify the words and to add a native adult produc-
tion of the target sound to compare the child’s production
with.
The single-word naming tests were later used for tran-

scription of target consonant production, including passive
VP symptoms (nasal emission, velopharyngeal friction
sounds and weak pressure consonants).
To rule out the possible impact of language back-

ground as much as possible when assessing hypernasality
(Lohmander et al., 2017a) the first nine words in the single-
word naming test were edited to a string in wav.format for
each child. These nine words contained high or semi-high
vowels in a similar phonetic context across languages.
A 2-min sample of continuous speech was used for

perceptual rating of velopharyngeal function (VPC-Rate)
and rated on conversational and rote speech. Where this
was missing retelling of the Bus Story was used (Renfrew,
1997).

Data recording and editing

All participants were seen by two speech and language
pathologists/therapists (SLP/T) to each cleft centre as close
as possible to their 10th birthday. Each participant were
video recorded using a super-VHS or digital video cam-
era with an external microphone of excellent quality (e.g.,
the video camera SonyDCRTRV30E/similar and a micro-
phone Sony ECMMS957, Londerzeel, Belgium). One of the
SLP/Ts, the examiner, sat opposite the child with the cam-
era operator just behind with the camera lens directed
towards the child’s face. Two external microphones (one
for the audio recording and video recordings, respectively)
were placed approximately 40 cm from the child. The test
pictureswithwritten textwere presented in such away that
the child looked straight into the camera.
All video recordings were centrally edited before the

assessments by four assistants, specifically trained for the
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900 SCANDCLEFT TRIALS: SPEECH PROFICIENCY AT 10 YEARS

project. Each video recording of the single word test,
including the examiner’s repetition of the target words,
was saved as a mp4 file. If the video recording failed the
audio recordingwas used for analysis. A second file includ-
ing 2 min of continuous speech was edited and saved as an
mp4 file. Thenine firstwordswere edited into a nine-word-
string without pauses between the words, that is, the clip
was edited as close as possible to the beginning and end
of each word before they were merged and saved as audio
wav.files.

Training of perceptual assessment of speech

All but four of the SLP/Ts (n = 16) had earlier assessed the
Scandcleft 5-year data. These four SLP/Ts, one each from
Denmark, Finland, Norway and the UK were experienced
SLP/Ts working in cleft clinics. They have participated in
the speech Scandcleft group since the 5-year assessment.
During the development of the trial and before the 5-year
analyses, extensive training of phonetic transcription and
rating of velopharyngeal function and hypernasality had
taken place every second year for 2–3 days (Lohmander
et al., 2017a; Willadsen et al., 2017). However, no com-
mon training had taken place since the 5-year assessments.
Before the 10-year assessment began the SLP/T group
had online training and a common training session at
the venue, which took place the day before the assess-
ments started. Rules for transcription and video examples
of different error categories, such as passive errors, active
oral errors and active non-oral errors but also language-
specific errors and developmental speech characteristics,
were trained and discussed in plenum. The video examples
used had previously obtained complete interrater agree-
ment during training/calibration andwere used as anchors
in the discussions. In addition, examples from different
error categories were rated and discussed in common.
Written rules for transcription, earlier used at the 5-year
assessment, were discussed and agreed. Further, training
on rating of the velopharyngeal function (VPC-Rate) and
hypernasality was performed in plenum. The group lis-
tened to anchors of each scalar points, earlier agreed on by
the group. Thereafter each rater subsequently undertook
individual ratings of recordings followed by a common
discussion.

Perceptual assessment

The SLP/Ts independently viewed the video recordings on
a laptop, wearing high-quality headphones (Creative Aur-
vana Live, Creative Technology Ltd, Singapore/similar).
All naming tests were assessed by two SLP/Ts blinded to

randomization of the children. For all participating coun-
tries/languages, except for Finland, at least two centres
were part of the study. Therefore, the SLP/Ts phoneti-
cally transcribed speech samples of their own language,
but from a different centre—except in two cases: (1) the
Finnish samples were transcribed by a Finnish SLP/T and
two Swedish SLP/Ts (who assessed 62 and 20 recordings,
respectively). The transcriptions by the Finnish SLP/T
were used in all analyses. The Swedish transcriptions were
used for interrater agreement. (2) The English samples
were transcribed by two English-speaking SLP/Ts, one
from the same centre as the participants. However, tran-
scriptions from the external SLP/T were used for analyses.
The SLP/Ts transcribed the children’s realization of target
consonants using narrow phonetic transcription according
to IPA and extIPA.
Hypernasality was rated as a two-step procedure,

according to the procedure at the 5-year assessment
(Lohmander et al., 2017a). The SLP/Ts could listen to the
nine-word string as many times as needed. In the first step
the SLP/T decided if resonance was within normal limits.
If not, the SLP/T decided if hypernasality was mild, mod-
erate or severe. Thus, a two-step four-point ordinal scale
was used. The overall velopharyngeal function based on
continuous speech was rated on a three-point scale (VPC-
Rate); competent, marginally incompetent or incompetent
(Lohmander et al., 2017b). For both variables each record-
ing was rated by three SLP/Ts, two speaking the same
language as the child but from a different centre and one
SLP/T speaking one of the other languages. There were
four exceptions, one of the SLP/Ts speaking the same lan-
guage as the child came from the same centre in one
Danish, one Swedish and one British centre and both
Finnish SLP/Ts came from the same centre as the children.
Outcome was classified by a majority decision if at least
two of the three SLP/Ts agreed. If all three disagreed, the
middle value was chosen.

Analysis

Consonant proficiency

In the present study PCC was calculated for each partic-
ipant as the number of correctly produced target conso-
nants out of all target consonants produced as described in
the introduction. This means that each target consonant
was scored as correct or incorrect based on the phonetic
transcription. Any deviance according to articulation place
or manner was scored as incorrect. If a target consonant
was produced correctly, apart from passive VPI symptom,
it was scored as correct. As the s-sound can be a remain-
ing difficulty at age 10 and had a high frequency in the
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test (n = 6), also percentage consonants correct without
/s/ (PCC-s) was calculated for each participant to assess
the consonant proficiency of the remaining target conso-
nants. In contrast to the PCC score, all s-targets produced
(six out of 33 target consonants) were scored as correct in
this measure. The PCC scores were compared with norma-
tive data from 60 Swedish-speaking 10-year-olds without a
cleft palate, who named the same consonants in same or
similar single words as in the Scandcleft project (Lohman-
der et al., 2017c). The latter group had an average PCC of
97% (SD 6), thus ≤ 1 SD was 91% and ≤ 2 SD was 85%.
Normative PCC data were not available for the Scandcleft
languages other than Swedish. Thus, the Swedish standard
of ≥ 91 was taken as the standard for age-appropriate PCC.
As the present study focused on consonant proficiency,
only s-distortions were presented in addition to the PCC
score.

Velopharyngeal competence (VPC)

Velopharyngeal function was measured using the com-
posite score VPC-Sum earlier described. For a more
detailed description, see Lohmander et al. (2017a, 2017b).
In the present study the VPC-Sum was presented as a
dichotomized value according to Lohmander et al. (2017b).
VPC-Sum score 0–1 was considered as VPC and score 2–6
as VPI, including bothmarginal incompetence and incom-
petence. Thus, VPC can include one of the symptoms
scored as VPC-Sum 1 (mild hypernasality, 3–5 affected
consonants of either VP symptoms or active non-oral
errors).
To study the VPC as a consequence of the primary

surgery, the primary VPC/VPI were calculated. Primary
VPC included score 0–1 on theVPC-Sumand no secondary
VP surgery, while primary VPI included VPC-Sum score
2–6 and/or VP surgery.

Inter- and intra-rater reliability

Inter-transcriber reliability for correct or incorrect realiza-
tion of all target consonants based on phonetic transcrip-
tionwas assessed as point-by-point agreement between the
pairs of SLP/Ts assessing the same recordings, altogether
12 pairs of raters. All differences between correct/incorrect
were counted as disagreements. Two pairs had a mean
agreement between 86.6% and 88%. The other 10 pairs had
a mean agreement > 90%.
For assessment of intra-transcriber reliability, 20% of

the recordings randomly distributed among the pre-
vious assessments were duplicated. All SLP/Ts had a
mean agreement > 92%. Therefore, both inter- and intra-

agreement on the articulation scores were considered
acceptable.
In 47%of the 394 ratings of theVP function along a three-

point ordinal scale (VPC-Rate) all three SLP/Ts agreed on
their own ratings, in 49% of the recordings two of the
SLP/Ts agreed, and in 4%of the ratings all three SLP/Ts dis-
agreed. Thus, in 96% of the ratings a majority decision was
possible. The exact intra-rater agreement across each one
of the SLP/T varied between 66% and 100%, with amean of
84%.
In 49% of the 394 ratings of hypernasality on a four-point

ordinal scale, all three SLP/Ts agreed on their ratings, in
46% of the ratings two of the SLP/Ts agreed and in 5% of
the ratings all three SLP/Ts disagreed. Thus, in 95% of the
ratings a majority decision was possible. The exact intra-
rater agreement across the SLP/Ts varied between 58% and
100%, with a mean of 76%.

Statistical analysis

Descriptive analyses and a generalized linear mixed logis-
tic model were used. PCC scores derived from correct and
incorrect consonant realizations of target words in each
child for which all demographic variables were available
(n = 387) were used as the dependent variable. This form
of regression is appropriate to use when variables are not
evenly balanced across subjects. In the regression analysis
we use the ‘lme4’ (Bates et al., 2015) and ‘ordinal’ (Chris-
tensen, 2019) packages in the R statistics environment (R
Core Team, 2019). Initial modelling was performed on a
trial-wise basis, that is, three separate models for each of
the three trials were prepared. This approach was discon-
tinued after comparison of a combinedmodel including all
trials (1–3) and arms (A–D) showed that Arm A did not
significantly differ between trials (χ2(2) = 2.508, p= 0.285),
which supported the combination of the data from all tri-
als, that is, from all nine centre locations. Combining the
trials was also in the interests of statistical power and this
in turn supported interpretation of factors such as gender.
The combined data from all centres were also based on
PCC data in the whole group.

RESULTS

Consonant proficiency

Based on the phonetic transcription of the target con-
sonants in the single-word test PCC was calculated for
all included consonants (PCC) and without /s/ (PCC-s)
(Figure 1). In comparison with normative data on 10-year-
olds without a cleft, the following percentage of children
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902 SCANDCLEFT TRIALS: SPEECH PROFICIENCY AT 10 YEARS

F IGURE 1 Box plot graphs showing the PCC and the PCC-s median (mean x), quartiles 1 and 3 for the three Scandcleft trials and arms:
Arm A was common in all trials with soft palate repair at 3–4 months and a short delay in hard palate closure at 12 months; Arm B was soft
palate repair at 3–4 months and a long delay in hard palate closure at 36 months; Arm C was simultaneous hard and soft palate closure at
12 months; and Arm D was early hard palate closure with vomer flap at 3–4 months and soft palate closure at 12 months. Minimum and
maximum values are shown at the end of whiskers and outliers as circles.

was considered to have an age-equivalent PCC: Trial 1,
Arm A (short delay in hard palate closure): 73%, Arm B
(long delay in hard palate closure): 62%; Trial 2, Arm A:
50%, Arm C (simultaneous hard and soft palate closure):
60%; Trial 3, ArmA: 65%, ArmD (early hard palate closure
with vomer flap): 69%. Further, a proportion of children
had extensive difficulties with a PCC score < 2 SD of the
mean: Trial 1, Arm A: 12%, Arm B: 24%; Trial 2, Arm A:
39%, Arm C: 21%; Trial 3, Arm A: 26%, Arm D: 17%. As
can be seen in Figure 1, s-distortions were common. The
remaining errors with an impact on PCC consisted of oral
(retracted to palatal/velar/uvular place of articulation) and
non-oral CSCs and, developmental speech characteristics
(DSC) (Willadsen et al., 2017), which are not detailed in the
present article.

Influence on PCC by surgical protocol, VPC
and gender

The selected regression model (Table 3) shows that PCC
score (consonant proficiency) of female participants were
significantly better than males when analysed across all
trials. A high VPC-Sum (indicating poor velopharyngeal
function) was significantly associated with low PCC score.
The PCC score from the participants in Arms B (long delay
in hard palate closure) were significantly poorer than Arm
A (short delay in hard palate closure), and Arm C (simul-
taneous hard and soft palate closure) were significantly
better than Arm A (short delay in hard palate closure).
There was no significant difference in PCC score between
Arms A and D (early hard palate closure with vomer flap).
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TABLE 3 Summary of fixed effects in the combined trial mixed-logit model

Predictors Coefficient SE Z p
Gender: female 0.561 0.203 2.766 0.005**
VPI surgery 0.165 0.212 −0.776 0.437
VPC sum −0.435 0.084 −5.163 0.001***
VPC rate −0.31 0.177 −1.747 0.081
Arm B −0.828 0.306 −2.709 0.007**
Arm C 0.734 0.337 2.177 0.029*
Arm D 0.247 0.341 0.725 0.468
Trial 2 −0.874 0.51 −1.714 0.086
Trial 3 −0.389 0.531 −0.734 0.463

Notes: Predictors are Gender (reference: Male); VPI surgery (reference: No corrective surgery); VPC-Sum; VPC-Rate; Arm (reference: A); and Trial (reference:
Trial 1). Trial is included as a validation of our combined analysis.
*p < 0.05;
**p < 0.01;
***p < 0.001.

Similarly, there were no significant differences between
the trials, which is in part validation of our decision to
analyse the combined data from all trials.

Velopharyngeal function

Three different descriptivemeasures of VPCwere included
aswell as the proportion of participants having VP surgery;
primary competent velopharyngeal function (Figure 2a),
VPC-Sum (Figure 2b) and VPC-Rate (Figure 2c). The pri-
mary competent velopharyngeal function, defined as a
VPC-Sum 0–1 and no VP surgery, varied between 46.8%
(Trial 2, ArmC and Trial 3, ArmA) and 68.1% (Trial 1, Arm
A) (Figure 2a). VPC-Sum (Figure 2b) including a VPC-
Sum 0–1 and performed VP surgeries varied between 58.1%
(Trial 2, Arm C) and 83.3% (Trial 1, Arm B). The third
measure was based on ratings of continuous speech (VPC-
Rate). These ratings of competent velopharyngeal function
(Figure 2c) varied between 38.3% (Trial 2, Arm C) and
64.6% (Trial 3, Arm D).

Influence on VPC-Sum by surgical protocol
or secondary pharyngeal surgeries

As VPC-Sum reflected velopharyngeal function and was
a significant predictor of consonant proficiency, we mod-
elled this composite score as a dependent variable. The
ordinal mixed-effects regression model was therefore
based on data from each child in thewhole group (n= 393).
The model (Table 4) showed that the VPC-Sum of chil-
dren in Arm C (simultaneous hard and soft palate closure)
were significantly worse than participants in ArmA (short
delay in hard palate closure). Also, the main effect of VP

surgery was significant, indicating a strong relationship
between participants who had undergone secondary pha-
ryngeal surgery (VP surgery) and participants with higher
VPC-Sum, that is, with poorer velopharyngeal function.
However, these findings should be interpreted with cau-
tion as the model is based on a limited number of data,
and the distribution of VPC-Sums shows a preponderance
of low scores.

DISCUSSION

The purpose of the study was to present and compare
speech outcome at 10 years of age in children treated for
UCLP according to four different surgical protocols in the
Scandcleft project. Only 50–73% of children were found
to have age-appropriate consonant proficiency in terms
of PCC score on target consonants in single words, and
12–39% had scores at least 2 SD below, compared with pub-
lished Swedish reference data (Lohmander et al., 2017c).
Despite different assessmentmethods and different type of
speech materials this level is comparable with the levels of
consonant proficiency reported in other studies of 10–14-
year-olds treated for UCLP; 65% (Havstam et al., 2011), 70%
(Nyberg et al., 2014), 68% 12 years of age (Sell et al., 2001),
and 75% (Brunnegård & Lohmander, 2007). Lohmander
et al. (2012) found that 90% had no typical cleft speech
errors but s-distortions were not evaluated. Grunwell et al.
(2000) concluded that /s/ was the most affected phoneme
at this age. Accordingly, when the s-sound was excluded in
the present study the PCC scores weremarkedly increased,
particularly in Arm A across the trials. Distortions of /s/
have often been referred to as minor errors. However,
the consequences might be troublesome as highlighted by
Nyberg and Havstam (2016), who found that 10-year-old
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904 SCANDCLEFT TRIALS: SPEECH PROFICIENCY AT 10 YEARS

F IGURE 2 Three descriptive measures of velopharyngeal
function, competence (VPC) or incompetence (VPI) and the
proportion of participants in each Scandcleft trial (1–3) and arm
(surgical protocol). Arm A was common in all trials with soft palate
repair at 3–4 months and a short delay in hard palate closure at
12 months; Arm B was soft palate repair at 3–4 months and a long
delay in hard palate closure at 36 months; Arm C was simultaneous
hard and soft palate closure at 12 months; and Arm D was early hard
palate closure with a vomer flap at 3–4 months and soft palate
closure at 12 months. Velopharyngeal function was reported as (a)
primary VPC, which includes the proportion of participants with
VPC-Sum 0–1 and no VPI surgery, and primary VPI, which includes
the proportion of participants with VPC-Sum 2–6 and/or VPI
surgery; (b) proportion of participants with VPC based on a
dichotomized VPC-Sum including value 0–1 and VPI including
value 2–6; and (c) showing the proportion of participants with
competent, marginally incompetent and incompetent
velopharyngeal function in terms of VPC-Rate, that is, rating on a
three-point ordinal scale.

peers were sensitive to distortions of the s-articulation. As
this is a frequent consonant in many languages this is an
error that clinicians should focus on when appropriate. A
competent velopharyngeal function is an important pre-
requisite for good articulation development (Harding &

Grunwell, 1998). This was supported by the overall data
across the trials, showing that a high VPC-Sum (i.e., VPI)
indicated a low PCC (poor consonant articulation). This
indicates that early surgical management of VPI could be
beneficial for the consonant proficiency, that is, preven-
tive of non-oral errors. However, it cannot be ruled out
that this relationship between the VPC-Sum and PCC was
affected by the fact that non-oral errors are part of theVPC-
Sum. Notwithstanding, non-oral errors were only one of
three variables comprising theVPC-Sumand three ormore
non-oral errors were only found in 8% of the children.
In general, girls had significantly better PCC scores than

boys in the present study. Thus, the findings from age 5
(Butterworth et al., 2022; Willadsen et al., 2017) was still
present at age 10.However, the same patternwith girls hav-
ing a better PCC score than boys has also been reported in
typically developing children speaking British English at
age 5 (Dodd et al., 2003) and in children with persistent
speech sound disorder at age 8 (Wren et al., 2016). Thus, it
has been hypothesized that gender difference might corre-
spond to typical development in boys (Butterworth et al.,
2022; Willadsen et al., 2017). Whether the gender differ-
ence among children with UCLP is a common pattern at
10 years of age needs to be confirmed in future studies.
The overall prevalence of children with VPC at age

10 years seems rather low. The occurrence of VPC in terms
of VPC-Sum in the present study varied between 58% (Trial
2 Arm C) and 83% (Trial 1 Arm B; Trial 3 Arm D). The
occurrence of VPC in terms of ordinal rating (VPC-Rate)
on continuous speech revealed a variation in VPC between
38% (Trial 2 Arm C) and 65% (Trial 3 Arm D). Although
different levels of percentage were observed between the
methods, the pattern across trials and arms were the same
(Figure 2). The occurrence of VPC in terms of VPC-Rate
was comparable to what has previously been reported
at 10 years of age (55%) (Havstam et al., 2011) but was
lower compared with outcome (93%) reported by Nyberg
et al. (2014), where, however, 43% had received VP surgery.
Thus, outcome data of velopharyngeal function at age 10
was influenced byVP surgery. Therefore, primaryVPC, the
perceptual assessment of velopharyngeal function without
influence of secondary VP surgery was calculated. In the
present study primary VPC was defined as VPC-Sum 0–1
and no VP surgery. As expected, the proportion of chil-
dren with primary VPC was lower than the percentage
with VPC-Sum0–1 and varied between 47% (Trial 2 ArmC,
Trial 3 Arm A) and 68% (Trial 1 Arm B). These figures are
comparable with the primary VPC of 50% at age 10 (Nyberg
et al., 2014) and 68% at age 12 (Sell et al., 2001). There was
also a quite large variation in number of performed VP
surgery in the different Arms, but no statistically signifi-
cant difference in any of the trials. However, Trial 3 had
the highest proportion of participantswhohad receivedVP
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TABLE 4 Summary of fixed effects in the cumulative link mixed model (n = 393) with VPC-Sum as the dependent variable

Predictors Coefficient SE Z p
Gender −0.419 0.219 −1.907 0.056
Arm B 0.159 0.274 0.582 0.561
Arm C 1.074 0.274 3.759 < 0.001***
Arm D −0.104 0.303 −0.346 0.729
VPI surgery 0.776 0.216 3.594 < 0.001***

Note: Predictors are Gender (reference: male); Arm (reference: A); and VPI surgery (reference: No corrective surgery).

surgery followed by Trial 2, giving an impact on the bur-
den of care. Nevertheless, our statistical calculation across
trials reveal that VP surgery performed indicate a high
VPC-Sum. In other words, many of the children still had
difficulties with the VP function after VP surgery. This is in
line with an earlier study reporting that most individuals
showed an improved VP function, but not VPC (Liedman-
Boshko et al., 2005). These authors also noticed that the
later the speech assessment after VP surgery, the better
the speech. This factor was not included in the analysis in
the present study. Thus, differences in and impact of VPI
surgeries need to be understood in terms of different local
protocols and practice (Rautio et al., 2017).
The mean number of speech therapy visits was high

across the trials but with large variation. A statistically sig-
nificant difference between arms was found in Trials 1 and
3 with the highest number of speech therapy visits in Arm
B (Trial 1) and Arm A (Trial 3). These two arms had differ-
ent types of main difficulties. Arm B had a high number of
active oral CSCs at age 5 (Willadsen et al., 2017) and a lower
PCC at age 10 compared with Arm A, whereas Arm A in
Trial 3 had the highest number of VPI surgeries. We lack
information on type of speech intervention given, but in
both trials the SLPs seems to have spent most resources on
the participants with speech difficulties of different kinds.
Children had had as many as over 350 speech therapy
visits. As this give a very high burden of care the effec-
tiveness of the speech therapy needs to be studied in more
detail.

Strengths and limitations

The strengths in the present study were the use of compa-
rable speech material across the different languages, high
quality audio-video recordings of the speechmaterial, valid
speech variables and speech assessment performed by
trained SLP/Ts, speaking the same language as the speaker,
but not from same centre. The agreement regarding tran-
scription was very good, whereas it varied between poor
and acceptable for hypernasality and VPC-Rate. Three
SLP/Ts rated each speech samples for hypernasality and
VPC-Rate. Outcome was based on majority agreement,

which could be reached in 95–96% of the ratings. An advan-
tage with three raters is that an outlying decision do not
affect the outcome as long as not all three raters dis-
agree. However, in less than half of the ratings all three
raters agreed, which preferably could have been higher.
It is well known that raters have their own internal stan-
dards (Kreiman et al., 1993; Keuning et al., 2004). In this
trial the SLP/Ts were all experienced but came from five
different countries with different concepts of assessment.
Thus, it was a challenge to calibrate the SLP/Ts. Although,
they have trained with the Scandcleft methodology, more
training had been preferable but was not possible. To over-
come these difficulties with agreement on scale rating two
assessment methods of the VP function were used and
hypernasality was included in the composite score VPC-
Sum to make the outcome more robust. The agreement
level as well as the influence by non-oral errors might
impact the VPC-Sum in this study. Thus, the reported sig-
nificant effect of VPC-Sum on PCC might be somewhat
misleading.
The number of speech therapy visitswas based on a form

including different aspects of speech therapy, such as rou-
tine assessments, reviews, speech treatment and type of
treatment. Unfortunately, the information in the collected
forms was incomplete and inconsistent. It was therefore
decided to use only total number of visits as an indication
of burden of care.
It has been argued that the influence of an otitis media

with effusion related hearing loss on speech development
is present at early ages (Broen et al., 1998; Lohmander
et al., 2021), and may be at risk for delayed speech and lan-
guage development (Hall et al., 2017; Schönweiler et al.,
1999). Unfortunately, the hearing data in the present study
were incomplete and could not be included in the anal-
ysis. Efforts to improve the documentation of hearing
longitudinally is strongly suggested.
The regression analysis revealed the effect fromone vari-

able, everything else being equal, which in reality may not
be the case. The treatment result might be influenced by
other variables than the primary treatment or by a com-
bination of variables such as timing from VP surgery to
follow-up (Liedman-Boshko et al., 2005), additional lan-
guage disabilities, speech therapy dose and timing, and
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hearing, which preferably should be taken into account in
order to see the whole picture. Furthermore, we have not
counted for the possible effect of the surgeons’ learning
curve and surgical skills and experience (Rautio et al., 2017;
Shaw & Semb, 2017). A longitudinal analysis of change in
speech from 5 to 10 years of age including aspects of speech
errors and an in-depth analysis of impact of speech therapy
is warranted.

SUMMARY AND CONCLUSIONS

The mean levels of consonant proficiency in terms of PCC
varied between 86% and 92%. Only 50–73% had a conso-
nant proficiency at 10 years of age in level with peers.
The VPC based on the composite score VPC-Sum varied
between 58% and 83%, and the primaryVPC (excludingVPI
surgeries) between 47% and 68%. There were few signifi-
cant predictors. Girls performed better throughout. Arm
B (long delay in hard palate closure) was found to indi-
cate lower PCC and Arm C (simultaneous hard and soft
palate closure) higher PCC. At the same time, the pro-
portion of participants with primary VPC was highest in
Arm B (68%) and lowest in Arm C (47%). Thus, the dif-
ferent protocols had their pros and cons and there is no
obvious evidence to recommend any of the protocol as
superior. Other factors than primary surgicalmethod, such
as time after VP surgery, surgical experience, hearing level,
language difficulties, speech therapy, or perhaps a com-
bination of factors that may influence speech proficiency,
should be thoroughly reviewed and considered in future
studies.
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