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Abstract

Introduction. Children born with cleft palate with or without cleft lip (CP£L) tend to use less oral

pressure consonants and more glottal sounds in their babbling. The purpose of very early palatal repair
(i.e., one-stage palatal closure prior to 6 months of age) is to make the palate functional before the
onset of speech acquisition to reduce the anchoring of wrong patterns in the child’s developing
phonological system. As a result, less compensatory articulation errors are expected to be present.

Currently, no detailed longitudinal speech outcomes after very early palatal closure are available. This

study aimed to provide longitudinal speech outcomes in Ugandan children with CPxL who received

palatal closure prior to the age of 6 months.

Methods. Ten children with CP£L were assessed at a mean age of 5 and 10 years old. Speech

understandability, speech acceptability, resonance, nasal airflow and articulation were perceptually
rated by two experienced speech-language pathologists. Velopharyngeal function was estimated using
the velopharyngeal composite score (VPC-sum). Information regarding speech therapy, fistula rate,

and secondary (speech) surgery was collected. The outcomes were compared with the longitudinal

outcomes of an age- and gender-matched control group of 10 Ugandan children without CP+L.

Results. Speech understandability and acceptability improved significantly over time in the group with

CP+L (all p’s .05, all Z's > -2.43). At both test dates, significantly worse judgments were found for the
group with CP+L compared to the control group for these variables and variables related to passive
speech errors (all p’s < .05, all Z’'s > 2.49). A statistically significant difference with the control group

was found for the presence of compensatory articulation errors at the age of 5 years but not at the

age of 10 years, indicating a catch up by the children with CP+L.

Conclusion. Whether a one-stage palatal closure prior to the age of 6 months is more favorable for

speech outcomes compared to one-stage palatal closure at 12 months is still not clear. Speech of the

children with CP+L improved over time, but significantly differed from the control group at the age of
5 and 10 years old. Limited access to health care facilities and possible influence of malnutrition on

wound healing need to be considered when interpreting the results. Whether palatal closure prior to

the age of 6 months is transferable to other countries is subject for further research, including both

longitudinal and prospective designs with larger samples.



1. Introduction
Children who are born with a cleft palate with or without cleft lip (CP£L) often present with
speech difficulties. At the age of 6 months, infants with cleft palate may already show a different
speech development compared to typically developing children (Peterson-Falzone et al., 2016). More
specifically, delayed onset and lower frequencies of canonical babbling and the infrequent production

of oral pressure consonants are observed in babies with unrepaired or partially repaired cleft palate
(Chapman et al., 2001; Peterson-Falzone et al., 2016; Scherer et al., 2008; Stout et al., 2011; Willadsen

& Albrechtsen, 2006). It has been hypothesized that less oral-motor practice of these pressure
consonants due to an open palate in the babbling phase may result in less phonological knowledge
about these consonants and the anchoring of wrong patterns in the child’s developing phonological

system (Jgrgensen & Willadsen, 2020; Lohmander & Persson, 2008; Russell & Grunwell, 1993;

Willadsen & Albrechtsen, 2006). Consequently, compensatory articulation errors (e.g. active nasal
fricatives, pharyngeal or laryngeal productions) often persist after palatal closure (Lohmander &
Persson, 2008; Nyberg et al., 2014). In addition, velopharyngeal insufficiency may remain after palatal

closure resulting in passive speech problems (e.g. hypernasality, audible nasal airflow and nasalized or
weak pressure consonants as a result of difficulty in creating intra-oral pressure during the production

of these consonants). Cleft related speech errors are often referred to as cleft speech characteristics
(CSCs) (Jlohn et al.,, 2006). These speech disorders may severely affect a child’s speech
understandability and speech acceptability which impacts psychosocial functioning (Bruneel et al.,

2019; Murray et al., 2010).

Currently, the generally accepted protocol for palatal repair in Europe and the USA is a one-
stage palatal closure at the age of 12 months (Shaw et al., 2019). As a result, most children with CPL
still pass through their babbling phase with an open palate. Studies including this population mention

the presence of compensatory articulation errors at the age of 5 years (Nyberg et al., 2014; Sell et al.,
2015; Willadsen et al., 2017). More specifically, 10-26% of the included children showed posterior oral

articulation errors and 15-22% of them showed non-oral articulation errors. Most of them were,
however, referred for speech therapy intervention before this age and additional velopharyngeal

surgery was performed when indicated.
Although speech outcomes generally improve over time, speech in children born with CP+L

often still differs from the speech of children born without CPtL (Jgrgensen & Willadsen, 2020;
Lohmander & Persson, 2008; Nyberg et al., 2014). In this light, some authors advocated that the closure
of the soft and hard palate prior to 6 months of age results in better speech outcomes (Copeland, 1990;

De Mey et al., 2006; Desai, 1983; Doucet et al., 2013; Kaplan, 1981). The purpose of palatal closure
prior to the onset of speech acquisition is to optimize the possibility to establish normal (neuro-)motor

speech patterns and, as a result, minimizing the development of compensatory articulations (Dorf and



Curtin, 1982). Only a few authors reported on intelligibility, articulation and/or resonance after one-
stage palatal closure prior to the age of 6 months (Copeland, 1990; De Mey et al., 2006; Kaplan et al.,
1982; Ysunza et al., 1998). Kaplan et al. (1982) found excellent speech (based on judgments of nasality,
phonation and intelligibility without providing definitions or rating methods for these concepts) in 52%
(11/21) of the included children with an age range of 2 to 7 years. Copeland (1990) performed speech

analyses in 100 children with CPtL (mean age 5.5 years, range 3.8-6.3 years) based on spontaneous
speech, an articulation assessment and counting from 1 to 10. Based on a visual-analogue scale, 87%

(87/100) were judged to be very easy or easy to understand (i.e., score of >5 on a 10 cm scale). Of
these 87 children, 57 had normal articulation and 77 had normal resonance. Ysunza et al. (1998)
described articulation to be ‘below normal limits’ for 35 children at an age of 4 years, although none

of them showed compensatory articulation errors. They found significantly better articulation in

children who received palatal closure at 6 months compared to children who received palatal closure
at 12 months, but there was no significant difference between both groups regarding the presence of

velopharyngeal insufficiency (Ysunza et al., 1998). Only De Mey et al. (2006) reported longitudinal

results for 18 children with unilateral cleft lip and palate (UCLP) who received a one-stage lip and
palatal closure at 3 months. At the age of 3 years, 63% had good intelligibility, 30% had normal

articulation and 30% had normal resonance. At the age of 6 years, speech had improved with 80%
showing satisfactory intelligibility, 40% having normal articulation and 40% having normal resonance.
Unfortunately, definitions or rating methods for these concepts were not provided. Moreover, no

detailed information was reported about how many children with good intelligibility had also normal

articulation and/or resonance. At a mean age of 5 years, one child had received a velopharyngoplasty
and eight children (44%) had received a fistula repair for phoniatric reasons. Speech therapy was
provided in 63% (11/18) of the children between the age of 3 and 6 years.

Recently, two cross-sectional studies reported speech outcomes in Ugandan children with
CP+L who received palatal closure at a mean age of 3 months. One study included 11 children with

CP+L at a mean age of 5 years (range 3-7 years) (Luyten et al., 2013), the other included 24 children
with CPzL at a mean age of 8 years (range 6-12 years) (Bettens et al., 2020). Outcomes were compared

with an age- and gender-matched control group who presented with normal speech. At the age of 5
years, hypernasality was present in 18% of the children with CP+L, audible nasal airflow in 27% and

compensatory articulation errors in 55%. No information regarding speech understandability, speech
acceptability and the presence of passive articulation errors was provided. At the age of 8 years, 29%
was judged as having hypernasality, 50% as having audible nasal airflow, 16% as having compensatory

articulation and 46% as having passive articulation errors. Normal speech understandability was
observed in 42% of the children with CP+L and 38% were judged with normal speech acceptability

following the definitions provided by Henningsson et al. (2008). The presence of compensatory



articulation errors (i.e., posterior oral and non-oral articulation errors) had decreased over time

resulting in the absence of a statistically significant difference with the control group at the age of 8

years. In the study by Luyten et al. (2013), none of the children with CP+L had been enrolled in speech
therapy at a mean age of 5 years, whereas 25% of the children with CP£L in the study by Bettens et al.
(2020), had received speech therapy at a mean age of 8 years. This may suggest the positive effect of

speech therapy intervention on the presence of compensatory articulation errors. On the other hand,
velopharyngeal insufficiency had become worse, given the increased amount of children with CP+L

presenting with hypernasality and audible nasal airflow in the study by Bettens et al. (2020).
Conclusions about the evolution of speech over time need to be done carefully because of the cross-
sectional design of the studies. Luyten et al. (2014) also compared the speech of Ugandan children

with CPL who received a palatal closure prior to the age of 6 months (mean 3 months, range 2-6

months) with those of Belgian children with CP£L who received their palatal closure after the age of 6
months (mean 11 months, range 9-15 months). At a mean age of 5 years (range 3-7 years), no
significant differences were found regarding resonance, audible nasal airflow, and the presence of

compensatory and passive articulation between both groups. The authors concluded that at a mean
age of 5 years, the articulation and resonance characteristics following palatal repair before and after

6 months of age were comparable. Important group differences were noticed regarding the enrollment
in speech therapy and insertion of ventilation tubes. Half of the group with CP£L who received their
palatal closure after the age of 6 months (i.e., Belgian group) was enrolled in speech therapy to reduce

cleft related speech disorders and 75% of them received ventilation tubes due to otitis media in

contrast to none of the children who received their palatal closure prior to the age of 6 months (i.e.,
Ugandan group). No information was provided regarding the need for speech therapy or the need for
ventilation tubes in the Ugandan group with CP+L. It could be assumed that (some) of the Ugandan

children with CPxL were in need of intervention but did not receive it because these services were not
available.

Currently, no longitudinal results have been published about speech outcomes after one-stage
palatal closure before the age of 6 months including a detailed analysis of all speech characteristics

(i.e., understandability, acceptability, resonance, audible nasal airflow and articulation) and a profound
description of the used speech assessment protocol (i.e., rating scales, raters, speech samples and

reliability). The present study aimed to provide longitudinal speech outcomes in Ugandan children with
CP+L who received palatal closure prior to the age of 6 months using a retrospective longitudinal
matched case-control study design. Speech outcomes included perceptual ratings of speech

understandability, speech acceptability, resonance, nasal airflow and articulation at a mean age of 5
and 10 years using an internationally accepted assessment protocol (John et al., 2006). Velopharyngeal

function was estimated using the velopharyngeal composite score (VPC-sum, Lohmander et al. (2009))



based on perceptually rated speech outcomes. Information regarding speech therapy, fistula rate, and

secondary (speech) surgery was collected. The longitudinal speech outcomes were compared with

those of an age- and gender-matched control group of Ugandan children without CPxL with a
comparable language and cultural background. It was hypothesized that speech improved over time

in all children, with the speech of the children with CP+L still differing from the speech of children

without CPzL at the age of 10 years.

2. Methods

This study was approved by the blinded for review Research Ethics Committee (0611-2017) and
the blinded for review (HS 2448).

2.1 Participants
Between January 2011 and September 2014, our research unit regularly visited the

Comprehensive Rehabilitation Services in Uganda (CoRSU) hospital in Entebbe, a city in the southeast

of Uganda, in the context of a VLIR-UOS project (ZEIN2009EL28). We provided speech assessments and
speech therapy in children with CPzL in collaboration with local staff. Within this project, speech

samples from Ugandan children with and without CP£L were collected by our research unit. Children
with CP+L were seen at CoRSU hospital (N = 207). Children without CP+L were recruited from an
orphanage located near CoRSU hospital (N = 75). These data, collected between January 2011 and

September 2014, were used to select eligible participants for the current study. In addition, the data

were used for the speech analyses to determine speech outcomes at the first test date (i.e., test date
1, T1).
Criteria for inclusion into the group with CP£L were (1) born with an isolated cleft palate with

or without cleft lip, (2) performed full speech assessment with good cooperation according to age at a
previous consultation (i.e., T1), (3) multilingual with English as a second language, (4) receiving

educational instruction in English, (5) received one-stage primary palatal closure before the age of 6
months at CoRSU hospital, (6) palatal closure included the Sommerlad technique with radical muscle

repositioning and bilateral lateral Langenbeck-type releasing incisions when indicated (Hodges, 2010),
(7) in case of a cleft lip, lip closure was performed simultaneously with the palate repair, and (8) lip

closure was done by using a modified Millard repair in unilateral clefts and a modified Mulliken repair
in bilateral clefts (Hodges, 2010). Children who received a vomer flap with delayed (after the age of 6
months) hard palate closure were excluded. Children needed to be multilingual with English as a

second language as all speech assessments were conducted in English, due to a large variation in native
languages in Uganda. English is one of the official languages in Uganda, deeply rooted in media,

administration and education (Mpuga, 2003). A total of 34/207 children fulfilled the criteria and their



caregivers were contacted via phone. After they received information about the current study aim,

they were invited to let their child participate voluntarily. Ten children presented at CoRSU hospital in

November 2018 or March 2019. A child was excluded if he/she was not attending school, showed
insufficient English proficiency, had severe speech difficulties not related to the cleft (e.g., stuttering),
had self-reported hearing problems at the moment of testing, had nasal congestion due to a cold or

allergy at the moment of testing, or was not able to perform the assessments. None of the children
were excluded based on these criteria. Speech analyses were performed on the collected data to

determine speech outcomes at the second test date (i.e., T2).
Six boys and four girls with CP£L were included in this study. Six children were born with a

unilateral cleft lip and palate, two with a bilateral cleft lip and palate and two with a cleft palate only.

Palatal closure was performed at a mean age of 2.8 months (SD 1.14, range 1-5 months). The mean

age of the children at T1 was 4.5 years (SD .85, range 4-6 years), the mean age of the children at T2
was 9.7 years (SD 1.64, range 8-13 years).
Based on this experimental group, the database including 75 children without CP+L was used

to select ten children for the control group. Speech samples of a fully performed speech assessment
with good cooperation according to age at a previous test moment (i.e., T1) needed to be available.

Other inclusion criteria were: (1) no (history of) craniofacial anomalies, (2) multilingual with English as
a second language, and (3) receiving educational instruction in English. Children with nasal congestion
at the moment of testing were excluded. The caregivers of the eligible children were provided with

information about the current study aim and were invited to let the child participate voluntarily. Data

were collected and speech analyses were performed on these data to determine speech outcomes at
the second test date (i.e., T2).
Five boys and five girls were included in the control group. Although we tried to match by

gender, no data of a sixth boy with a suitable age were available in the database. Age-matching was
based on group means, taking the age-range of the group with CP+L into account. The mean age of the

children at T1 was 4.0 years (SD .82, range 3-5 years), the mean age of the children at T2 was 10.1
years (SD 1.52, range 9-13 years). Based on a Mann-Withney U test, no significant difference was found

regarding the age of the group with and without CP£L (T1: U = 65.5, p =.247; T2: U =44.5, p = .684).
During an interview with the child and the child’s primary caregiver, information regarding age,

gender, language, school attendance, nasal regurgitation and speech therapy was obtained. The
children’s medical records (only children with CP+L) were screened to collect medical information (e.g.,

age at palatal closure, secondary surgery and presence of oral fistula).

2.2 Perceptual speech assessment



The same speech samples were collected at two different test moments, i.e. T1 at 5 years and

T2 at 10 years. Participants were asked to repeat the oral and nasal sentences from the MacKay-

Kummer Simplified Nasometric Assessment Procedures (SNAP) test (Kummer, 2005) and the high
frequency English words cued by pictures of the Photo Articulation Test — Third Edition (PAT-3) (Lippke

et al.,, 1997). High-quality audio(visual) recordings were made using a unidirectional condenser

microphone (Samson C01U) and a Sony Handycam HDR—UX1 with built-in high quality microphone.
Two speech-language pathologists (SLPs) with 3 and 8 years of experience in rating cleft palate

speech characteristics perceptually rated the audio and video samples. One of them was officially
trained in using the Cleft Audit Protocol for Speech- Augmented (CAPS-A) outcome tool (John et al.,
2006; Sell et al., 2009). They were both native speakers of Dutch with professional proficiency in

English. They independently rated all samples in a randomized sequence using a standard pair of over-

ear headphones (Sennheiser EH150). Intra-rater reliability was verified by randomly presenting 30%
(12/40) of the speech samples a second time during the same rating session.
The definitions and ordinal rating scales described by Henningsson et al. (2008) were used to

evaluate speech understandability and speech acceptability. Hypernasality, hyponasality, audible nasal
emission, nasal turbulence, voice and grimace were perceptually judged using the definitions and

ordinal rating scales of the CAPS-A outcome tool (John et al., 2006; Sell et al., 2009). The evaluation of

these variables was based on sentence repetition (SNAP test, Kummer (2005)).
To evaluate the articulation, 48 of the 72 items from the PAT-3 were phonetically transcribed

by both SLPs. Only those words that included the 18 consonants (i.e., /p/, /b/, /t/, /d/, /k/, /a/, /s/, /2],
/51, v, In, w/, il IV, ed, In/, /m/, and/n/) that occur both in English and Luganda (Luyten et al.,

2013), were included in this transcription. This was done because Luganda was the first language in
85% of the children. For each consonant, word initial, medial and final position was transcribed if that

position was present in English (e.g., no word initial position of /n/). Following the classification of CSCs
provided by John et al. (2006), articulation errors were assigned to one of the following categories:

anterior CSCs (i.e., dentalization, lateralization, palatalization), posterior CSCs (i.e., double articulation,
velar or uvular articulation), non-oral CSCs (i.e., pharyngeal articulation, glottal articulation or

reinforcement, active nasal fricative) or passive CSCs (i.e., weak or nasalized consonants, nasal
realization of plosives, suspected passive nasal fricative, gliding of fricatives). When at least one

compensatory speech error (i.e., anterior CSC, posterior CSC or non-oral CSC) was detected that had
an impact on speech understandability and/or acceptability, the child was judged to be in need of

speech therapy.

Velopharyngeal functioning was estimated based on the perceptual judgment of four speech

variables of the CAPS-A tool resulting in the velopharyngeal composite score (VPC-sum) (Lohmander



et al.,, 2009). More specifically, VPC-sum was calculated based on the presence or absence of

hypernasality, audible nasal airflow, non-oral CSCs and passive CSCs, resulting in a VPC-sum score

between 0 and 4. Based on this score, velopharyngeal function was considered to be sufficient (score
0 or 1), borderline insufficient (score 2) or insufficient (score 3 or 4). Instrumental assessment by
nasoendoscopy or videofluoroscopy is necessary to complement this perceptual estimation. However,

no such instrumental equipment was available at CoRSU hospital at that moment.

2.3 Statistical analysis
IBM SPSS Statistics software version 25.0 (IBM Corp., Armonk, NY) was used for the statistical
analysis of the data. To determine the intra-rater and inter-rater reliability of the dichotomous

variables, Cohen’s kappa was used. Intraclass Correlation Coefficients (ICCs) were calculated for the

ordinal speech variables. A two-way mixed model with absolute agreement was used to determine
intra-rater reliability following the interpretation by Altman (1991). Inter-rater reliability of the ordinal
speech variables was verified using a two-way random model with absolute agreement. Percentages

of absolute agreement were calculated within each rater and between raters to complement the ICCs
as limited variance might cloud the interpretation of ICC measurements (Hallgren, 2012).

Wilcoxon paired-signed rank tests compared the results between T1 and T2 for the group with

CP+L and for the control group separately. This test was chosen because of the paired characteristics
of the data and the small sample. To detect a possible difference between the children with and

without CP£L, Mann-Whitney U tests were performed on the data of T1 and on the data of T2. A Mann-

Whitney U test was chosen because of the absence of paired data and the small sample. All significance

levels were set at o = .05.

3. Results

3.1 Medical information

Table 1 provides medical information of the children in the group with CP£L. Secondary surgery

was performed in 5/10 children before T1. This surgery included fistula closure (n = 2), palatal re-repair
(n =1), palatal re-repair with fistula closure (n = 1) or palatal re-repair followed by a buccal flap (n = 1).

One child received fistula closure between T1 and T2 at the age of 4 years.

At T1,4/10 children with CP+L reported nasal regurgitation of whom one had a fistula. A fistula
was also present in a another child without the presence of nasal regurgitation. Only one of the two
children with a fistula at T1 presented without a fistula at T2. This was due to fistula closure between

both test dates. This child did not reported nasal regurgitation anymore at T2. However, at T2, two

10



Table 1. Medical information for the included children with CP+L

Child | Gender | Cleft | Ageatpalatal | Fistula Nasal regurgitation | Fistula Nasal regurgitation | Secondary Age at
type closure (in present at present at test date | present at present at test date | surgery secondary
months) testdate1? | 1? testdate2? | 2? surgery (in
years)
1 female | CP 3 no no no no Palatal re- 0.5
repair
Buccal flap 1.5
2 male UCLP | 3 no yes, on food no no N/A
3 female | CP 2 no no no no Palatal re- 2
repair
4 male UCLP | 2 no no yes yes, on liquids and N/A
food
5 male UCLP | 4 no no no no N/A
6 female | BCLP | 3 no no no no Palatal re- 3
repair + fistula
closure
7 male UCLP |1 no yes, on liquids and no no Fistula closure | 4
food
8 male UCLP | 3 no yes, on liquids yes yes, on liquids N/A
9 female | UCLP | 2 yes no yes yes, on liquids and Fistula closure | 4
food
10 male BCLP |5 yes Yes, on liquids and no no Fistula closure | 1
food

CP: cleft palate; UCLP: unilateral cleft lip and palate, BCLP: bilateral cleft lip and palate

N/A: not applicable
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children had a fistula who did not present with a fistula at T1. Both of them also reported nasal

regurgitation at T2, but not at T1 (Table 1).

Two children with CPiL had received speech therapy due to cleft speech characteristics

between T1 and T2. One child produced an active nasal fricative as a substitute for the sounds /s/ and
/2/, the other child showed pharyngeal and glottal productions of respectively fricatives and plosives.

They were both enrolled in an intensive speech therapy camp of one week and received six hours of

therapy.

3.2 Perceptual speech assessments

Reliability. Overall, good to very good intra-rater agreements were found based on ICC and
Cohen’s Kappa, although some exceptions were noticed. Rater 2 showed poor intra-rater agreement

based on ICCs or Cohen’s Kappa for the variables ‘audible nasal emission’ (ICC = 0.00), ‘posterior CSCs’
(ICC = 0.00), ‘non-oral CSCs’ (ICC = 0.42) and ‘non-cleft speech errors’ (Kappa = .29). Rater 1 also

showed poor intra-rater agreement for the variable ‘audible nasal emission’ based on ICC (ICC =-0.09).
On the contrary, percentages of absolute agreement for these variables were good (rater 1: audible

nasal emission: 83%,; rater 2: audible nasal emission: 92%, posterior CSCs: 92%, non-oral CSCs: 83%,
non-cleft speech errors: 92%), indicating good reliability as the presence of limited variance in these

variables probably resulted in low ICCs. For all other variables, ICC or Cohen’s Kappa ranged from .77
to 1.00 for rater 1 and from .65 to 1.00 for rater 2 (Table 2). Regarding inter-rater reliability, overall

good to very good agreements were found based on ICC or Cohen’s Kappa (Table 3). Only for the

variables ‘audible nasal emission’, ‘hyponasality’, and ‘non-cleft errors’ poor agreement was noted.
However, the percentage of absolute agreement for these variables was high, indicating good

reliability as the presence of limited variance for these variables probably resulted in a low ICC.
Nevertheless, ‘non-cleft errors’ also showed low percentages of absolute agreement, indicating low

inter-rater reliability for this variable. Analyses were continued based on the ratings of rater 1, the

most experienced SLP, due to better intra-rater reliability compared to rater 2.

Perceptual speech variables. Table 4 provides descriptive statistics (i.e., median values and
interquartile ranges) and statistical values of the comparison over time for the children with CP+L.

Significant improvements were found in the children with CP£L for the outcome variables ‘speech
understandability, ‘speech acceptability’, ‘non-oral CSCs’, ‘non-cleft speech errors’ and ‘need for

speech therapy’ between T1 and T2. At T1, eight children with CP+L (80%) were judged to be in need
of speech therapy due to at least one compensatory speech error. At T2, three of them (30%) still

needed speech therapy. Of the eight children who were in need of speech therapy at T1, two had

12



Table 2. Intra-rater reliability

Speech parameter Rater 1 Rater 2
ICC/k % Absolute agreement ICC/k % Absolute agreement

Speech understandability** .85 58 .90 92
Speech acceptability** 91 75 .80 83
Hypernasality** .99 92 .86 75
Hyponasality** N.A. 100 N.A. 100
Audible nasal emission* -.09 83 .00 92
Nasal turbulence** N.A. 100 .80 92
Voice* 1.00 100 1.00 100
Grimace* 1.00 100 1.00 100
Anterior oral CSCs** .86 83 .67 67
Posterior oral CSCs ** N.A. 100 .00 92
Non-oral CSCs ** N.A. 100 42 83
Passive CSCs ** .87 92 .78 83
Non-cleft speech errors .75 92 .29 83
VPC-sum** 77 92 .65 92
Indication for speech therapy* .80 92 1.00 100

Abbreviations: K, Cohen’s kappa; ICC, intraclass correlation coefficient; CSCs, cleft speech characteristics; VPC-
sum, velopharyngeal composite score; N.A., not applicable - ICC impossible to calculate due to zero variance or
negative covariance.

*Dichotomous parameters: Cohen’s kappa (k)

**Qrdinal parameters: Two-way mixed ICC, absolute agreement, single measures

Interpretation by Altman (1991): <0.40 poor; 0.40-0.59 moderate; 0.60-0.74 good; 0.75-1.00 very good.
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Table 3. Inter-rater reliability

Speech parameter ICC/ k 95% CI Interpretation Mean %

by Altman (1991) absolute agreement

Speech understandability** .93 .87 -.97 very good 75
Speech acceptability** .92 .83-.96 very good 73
Hypernasality** .90 .80-.95 very good 75
Hyponasality** .00 -.89 - .47 poor 98
Audible nasal emission** -11 -1.16 - .42 poor 90
Nasal turbulence** .56 .18 -.77 moderate 88
Voice* .68 N/A good 93
Grimace* N/A N/A N.A. 98
Anterior oral CSCs** 49 .03-.73 moderate 58
Posterior oral CSCs** 45 -04-.71 moderate 90
Non-oral CSCs** .82 .66-.91 very good 83
Passive CSCs** .67 .40 - .84 good 70
Non-cleft errors* .15 N/A poor 63
VPC-sum** .89 79 - .94 very good 85
Need for speech therapy* .57 N/A moderate 85

Abbreviations: K, Cohen’s kappa; ICC, intraclass correlation coefficient; CSCs, cleft speech characteristics; VPC-
sum, velopharyngeal composite score; N/A, not applicable, ICC impossible to calculate due to zero variance.
*Dichotomous parameters: Cohen’s kappa (k)

**Qrdinal parameters: Two-way mixed ICC, absolute agreement, single measures
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Table 4. Descriptive statistics of the perceptually rated speech parameters for the children with CP+L (n = 10) at test date 1 (mean age 5y) and test date 2

(mean age 10y).

Perceptually rated Test Scale (%) V4 p
speech parameter date
WNL Mild Moderate Severe
Speech understandability 1 0 40 20 40 -2.62 .009*
2 40 20 40 0
Speech acceptability 1 0 30 40 30 -2.43 .015*
2 30 40 20 10
Absent Borderline Mild Moderate Severe
Hypernasality 1 40 30 0 0 30 =214 .831
2 30 20 0 20 30
Absent Mild Marked
Hyponasality 1 100 0 0 .000 1.000
2 100 0 0
Absent Occasional Frequent
Audible nasal emission 1 90 10 0 -1.000 317
2 70 30 0
Nasal turbulence 1 80 20 0 -1.518 129
2 60 30 10
Absent Present
Grimace 1 100 0 -1.000 317
2 90 10
Normal Distinctive or
abnormal
voice quality
Voice 1 80 20 -.447 .655
2 90 10
No consonants 1-2 consonants 23 consonants
affected affected affected
Anterior CSCs 1 40 30 30 -.264 792
2 20 60 20
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Posterior CSCs 1 70 30 0 -1.414 157
2 90 10 0

Non-oral CSCs 1 30 40 30 -2.333  .020%*
2 80 10 10

Passive CSCs 1 40 30 30 .000 1.000
2 30 50 20

Sufficient VPF Borderline deficit Insufficient VPF

VPC-sum 1 60 30 10 -0.857  .391

2 60 40 0
Absent Present

Non-cleft speech errors 1 10 90 -2.126  .033*
2 30 70

Need for speech intervention 1 20 80 -2.236  .025*
2 70 30

Abbreviations: WNL, within normal limits; CSCs, cleft speech characteristics; VPC-sum, velopharyngeal composite score; VPF, velopharyngeal function

*Wilcoxon paired-signed rank test, p < .05
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Table 5. Descriptive statistics of the perceptually rated speech parameters for the children without CP+L (n = 10) at test date 1 (mean age 5y) and test date 2

(mean age 10y).

Perceptually rated Test Scale (%) V4 p
speech parameter date
WNL Mild Moderate Severe
Speech understandability 1 70 30 0 0 -1.732 .083
2 100 0 0 0
Speech acceptability 1 100 0 0 0 .000 1.000
2 100 0 0 0
Absent Borderline Mild Moderate Severe
Hypernasality 1 90 10 0 0 0 -1.000 317
2 100 0 0
Absent Mild Marked
Hyponasality 1 90 10 0 -1.000 317
2 100 0 0
Absent Occasional Frequent
Audible nasal emission 1 100 0 0 .000 1.000
2 100 0 0
Nasal turbulence 1 100 0 0 .000 1.000
2 100 0 0
Absent Present
Grimace 1 100 0 .000 1.000
2 100 0
Normal Distinctive or
abnormal
voice quality
Voice 1 90 10 -.557 577
2 70 30
No consonants 1-2 consonants 23 consonants
affected affected affected
Anterior CSCs 1 50 50 0 -447 .655
2 40 50 10
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Posterior CSCs 1 100 0 0 .000 1.000
2 100 0 0

Non-oral CSCs 1 100 0 0 .000 1.000
2 100 0 0

Passive CSCs 1 80 20 0 -1.414 157
2 100 0 0

Sufficient VPF Borderline deficit Insufficient VPF

VPC-sum 1 100 0 0 .000 1.000

2 100 0 0
Absent Present

Non-cleft speech errors 1 50 50 -1.732 .083
2 90 10

Need for speech intervention 1 100 0 .000 1.000
2 100 0

Abbreviations: WNL, within normal limits; CSCs, cleft speech characteristics; VPC-sum, velopharyngeal composite score; VPF, velopharyngeal function

*Wilcoxon paired-signed rank test, p < .05
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received speech therapy intervention between T1 and T2. At T2, one of them was still referred for
additional speech therapy. To verify if the significant improvements between T1 and T2 in the group
with CPtL were related to speech therapy, analyses were rerun without the inclusion of the two
children who were enrolled in speech therapy between T1 and T2. Significant improvements were still
found for the variables ‘speech understandability’ (p = .020), ‘speech acceptability’ (p = .026), ‘non-

oral CSCs’ (p = .034), and ‘non-cleft speech errors’ (p = .023). In the control group, no significant
improvements were found between T1 and T2 (all p’s > .05, all Z’s < .00, Table 5).

Significant differences were found for the group with CP£L compared to the control group at
T1 as well as at T2 for the variables ‘speech understandability’, ‘speech acceptability’, ‘hypernasality’,
‘passive CSCs’, ‘developmental speech errors’ and ‘VPC-sum’ (Table 6). Children with CP+L, as a group,
were judged to be less understandable, had less acceptable speech, showed more resonance and

articulation errors and had more perceived velopharyngeal insufficiency. The results for ‘presence of

nasal turbulence’ only significantly differed at T2. Significantly more ‘non-oral CSCs’ were observed in
the group with CP+L compared to the control group at T1 but not at T2, indicating that the children

with CP+L as a group caught up when they became older. Even when the two children who received
speech therapy between T1 and T2 were excluded from the analyses, no significant results were found
between the children with and without CP+L at T2 for this variable (non-oral CSC’s: p = .264). This is
also represented in the number of children with CPL that were in need for speech therapy. At T1,

significantly more children with CP£L were in need for speech therapy compared to the control group,

whereas at T2 no significant group difference could be found anymore.

Table 7 provides more detailed information about the observed CSCs per child with CP+L at T1
and T2. In 8/9 children who showed compensatory CSCs at T1, less compensatory CSCs were observed

at T2. Due to the small sample size, it is difficult to draw strong conclusions. However, in 3/4 children
lateral or palatal articulation was not present anymore at T2, although none of these children had ever
followed speech therapy. Information regarding satisfaction with speech at T2 was available for eight

children based on caregiver report. At T2, 87.5% (7/8) were satisfied with the speech of their child.

4. Discussion

This study aimed to provide longitudinal speech outcomes in Ugandan children with CP£L who
received palatal closure prior to the age of 6 months. Speech outcome variables were collected in 10

Ugandan children with CP+L at a mean age of 5 and 10 years old and compared with those of an age-

and gender-matched control group of children without CP+L. Speech understandability and speech

acceptability significantly improved over time in the group with CP£L, but not in the control group.
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Table 6. Comparison of the outcome parameters of the children with and without CP+L at the age of

5 and at the age of 10 years old.

Test date 1 — Test date 2 —

Children with vs. without CP+L  Children with vs. without CP+L

z p yA p
Speech intelligibility 3.891 <.001* 2.801 .005*
Speech acceptability 4.051 <.001* 3.111 .002*
Hypernasality 2.490 .013* 3.114 .002*
Hyponasality 1.000 317 .000 1.000
Audible nasal emission 1.000 3.17 1.831 .067
Nasal turbulence 1.451 147 2.164 .030*
CSCs anterior .626 531 1.011 312
CSCs posterior 1.831 .067 1.000 317
CSCs non-oral 3.127 .002* 1.451 147
CSCs passive 1.985 .047* 3.139 .002*
Non-cleft speech errors  2.644 .008* 2.669 .008*
VPC-sum 3.418 .001* 2.500 .012*
Need for speech therapy 3.559 .002* 1.831 .067

Abbreviations: CSCs, cleft speech characteristics; VPC-sum, velopharyngeal composite score

*Mann-Whitney U test, p < .05
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Table 7. Detailed comparison of cleft speech characteristics (CSCs) in the group with CP+L at 5 and 10 years old.

Child | CSCson T1 CSCs on T2 Speech therapy | Improvement | Satisfied with
between Tl and | compensatory | speech at T2?
T2 articulation?
1 Dentalization/interdentalization: /t/, /d/, /I/, Weak/nasalized consonants: /p/, /b/ no yes yes
/s/
Glottal reinforcement: /t/, /k/
Active nasal fricative: /s/
2 None Dentalization/interdentalization: /I/, /t/ no NA NA
3 Palatal articulation: /s/ Dentalization/interdentalization: /s/, /t/ no yes yes
Weak/nasalized consonants: /b/, /f/ Weak/nasalized consonants: /b/, /v/
4 Dentalization/interdentalization: /t/, /d/, /I/ Dentalization/interdentalization: /n/, /z/ no yes yes
Palatal articulation: /s/, /z/, /In/ Weak/nasalized consonants: /p/, /t/
Backing to velar/uvular: /d/
Glottal articulation: /t/
Weak/nasalized consonants: /b/
5 Backing to velar/uvular: /n/ Dentalization/interdentalization: /I/ no yes yes
Glottal articulation: /t/, /k/ Weak/nasalized consonants: /p/, /t/
Weak/nasalized consonants: /p/, /v/
Gliding: /g/
6 Dentalization/interdentalization: /d/ Dentalization/interdentalization: /n/ no yes NA
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Glottal articulation: /k/, /g/
Glottal reinforcement: /t/

Weak/nasalized consonants: /p/, /b/, /t/, /v/
Nasal realization of plosives: /b/

Glottal reinforcement: /t/, /b/

Weak/nasalized consonants: /p/, /b/, /s/,
/2/

Lateral articulation: /s/, /z/ Dentalization/interdentalization: /d/, /n/ | no yes yes
Palatal articulation: /t/, /d/
Backing to velar/uvular: /t/
Backing to velar/uvular: /n/, /t/
Weak/nasalized consonants: /p/
Glottal articulation: /k/
Weak/nasalized consonants: /d/
8 Glottal articulation: /p/, /b/, /t/, /d/, /k/, /g/, Glottal articulation: /p/, /k/ yes yes no
/f/ Glottal reinforcement: /t/, /s/, /z/
Glottal reinforcement: /t/, /d/, //, Iv/, /s/, /2/
Weak/nasalized consonants: /b/, /d/
Weak/nasalized consonants: /p/, /s/, /b/ Nasal realization of plosives: /b/
Nasal realization of plosives: /b/, /g/
9 Active nasal fricative: /s/, /z/ Dentalization/interdentalization: /I/, /s/, yes yes yes
/z/
10 Lateral articulation: /s/, /z/ Lateral articulation: /s/, /z/ no no yes

Palatal articulation: /t/
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More specifically, all children without CP+L reached acceptable speech before the age of 5 years in

contrast to children with CP+L.

The improvements in speech understandability and speech acceptability in children with CP£L

may be related to the improvements found for the variables related to compensatory articulation. A
significant decrease in non-oral articulation errors was found at T2 in the group with CP£L. Additionally,
no more significant differences were found at T2 for the variable ‘non-oral CSCs’ between the group
with and without CP+£L. Even when the two children with CP£L who received speech therapy between

T1 and T2 were removed from the analysis, this result remained non-significant. This indicates that
compensatory articulation improved over time in some children even without speech therapy
intervention. It was unexpected that the presence of non-oral CSCs significantly decreased in children
who were not enrolled in speech therapy. No other reports are available about the improvement of

compensatory articulation over time without speech therapy and we do not have an explanation for

this finding. At T2, 30% of the children with CP£L was still in need of speech therapy to remediate
compensatory articulation errors. This proves that time alone is often not enough to eliminate cleft

speech characteristics.

Our results are comparable with the results reported by Nyberg et al. (2014) who also found a

decrease in compensatory articulation in children with CPzL between the age of 5 and 10 years old
who received their palatal closure at 13 months. At the age of 5 years, 26% showed posterior CSCs and

22% showed non-oral CSCs; at the age of 10 years this was reduced to 5% and 2% respectively. A
difference with the current study is that 61% of the children in the study by Nyberg et al. (2014) was
enrolled in speech therapy compared to 20% in the current study. A side note here is that all children

who were considered in need of speech therapy in the study by Nyberg received therapy, in contrast

to only 2/8 children in the current study. Moreover, 43% of the children in the study by Nyberg et al.
(2014) received pharyngeal flap surgery between T1 and T2, resulting in a decrease of hypernasality,
audible nasal airflow and the presence of weak pressure consonants. In the current study, none of the

children with CP+L received speech improving surgery between T1 and T2. As a result, no significant
improvements were found between T1 and T2 for variables related to hypernasality, audible nasal

airflow and passive CSCs. In contrast, more children presented with hypernasality and audible nasal

airflow at T2, although this decline was not statistically significant. Moreover, velopharyngeal
insufficiency and passive CSCs were still present in some children at the age of 10, suggesting the need
for additional speech improving surgery. Three of the four children who received palatal re-repair

before T1 (including the child who received additional buccal flap surgery) still showed mild to
moderate hypernasality, audible nasal airflow and passive CSCs suggesting the presence of

velopharyngeal insufficiency despite additional secondary surgery. It is unclear what caused this high
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occurrence of passive errors. Progressive reduction of the adenoid sagittal thickness and growth of the
nasopharynx has been reported in children without cleft palate between 4 and 13 years old (Park et
al., 2016; Vilella et al., 2006). As a result, velopharyngeal closure may become more challenging for
children with CPtL when they become older. This could have contributed to the increase in
hypernasality and audible nasal airflow. Moreover, a high prevalence of fistulas was noted which may

be related to the high presence of audible nasal airflow (Karling et al., 1993).

The high prevalence of fistulas (60%) and early palatal re-repair due to the presence of
dehiscence after primary palatal closure (30%) may suggest that primary palatal closure may have been
complex. A study by Katusabe et al. (2018), including 54 children with cleft palate that received their
primary palatal closure at CoRSU hospital in Uganda, showed that malnutrition is one of the influencing
factors in wound healing and fistula formation. Thirty-six percent of the infants who received palatal
closure prior to 6 months suffered from a fistula within 6 months post-surgery in the study by Katusabe
et al. (2018). Although age at palatal closure was not related to fistula formation, underweight in these
very young children is often an important issue. Since 2005, all children with CPtL who present at
CoRSU hospital undergo a one-stage cleft lip and palate repair if they are deemed fit for anesthesia
(Hodges, 2010). This resulted in the inclusion of children whose palate was closed at a very young age
in the current study (40% had an age < 3 months old at the time of surgery). There are two main
reasons to follow this procedure at CoRSU hospital. First, closure of the palate is done to optimize the
feeding process in these children. The inability to breastfeed adequately, including problems with
suckling due to the oral-nasal coupling, has been described as a great predictor for malnutrition in
children with CP+L before palatal closure (Tungotyo et al., 2017). Indeed, a study by Tungotyo et al.
(2017) at CoRSU hospital showed that 68.2% of the 44 included children with CP£L between 0 and 10

months (median age 1 months, IQR 1-3m) who presented at CoRSU hospital were malnourished, of
which 57% had moderate-to-severe malnutrition. These children are referred to the nutrition unit of

the hospital. However, some children with malnutrition already receive closure of the cleft lip and

palate because caregivers are often not able to afford feeding supplements (Katusabe et al., 2018).
Second, the driving factor for parents to present their infants for surgery is the appearance of the cleft
lip (Hodges, 2010). If the most common surgical procedure to close a cleft lip and palate would be

followed (i.e., closure of the lip at 3 months and closure of the palate at 12 months, Shaw et al. (2019)),
it was expected that many children would not return for the palatal closure. This can be related to the

difficulty to travel (long distances) given the economic pressure on families in Uganda. For example, in

the study by (Hodges, 2010), of the ten children who underwent only anterior vomer flap and cleft lip
repair due to the width of their cleft palate, only one (10%) returned for the palatal repair. Although it

has not yet been demonstrated that surgery in underweight children with cleft palate actually
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improves their nutrition status and malnutrition has a significant impact on fistula formation (Katusabe

et al., 2018), CoRSU hospital did not have the resources to monitor children who present from across

the country to improve their nutrition prior to surgery. Therefore, the surgeons chose to operate

earlier (Hodges, 2010).

Unfortunately, no information was available about the presence of malnutrition for the

children included in the current study. Additionally, cleft width and tissue deficiency were also found
to be influencing variables in fistula formation (Katusabe et al., 2018). When a cleft is too wide to close

in a single stage, a vomer flap is used in first stage and soft palate repair is performed 3 months later
in a second stage at CoRSU hospital. As a two-stage palatal closure was one of the exclusion criteria in
the current study, children with very wide clefts were probably all excluded in the current study.

However, no information about cleft width was available for the children included in this study.
Although Katusabe et al. (2018) reported no relation between timing of palatal closure and fistula

development, Eliason et al. (2020) found a significant increase in the rate of fistula formation in 108
children who underwent palatal closure prior to 6 months of age (40.9%) compared to 108 children

who underwent palatal closure after 6 months of age (20.0%). Moreover, 50% of the 60 children whose
palate was closed at the age of 0 to 3.9 months developed a fistula. Child gender, cleft type and

associate syndrome were not significantly associated. However, surgeries were performed by different
surgeons with a variety of training backgrounds using different techniques in both groups. No more

information about these influencing variables was provided.

Analyzing complications related to very early palatal closure was not the aim of the current
study. Based on the limited study sample and lack of anatomical and medical information before
palatal closure, no conclusions can be made. However, it seems necessary to take these possible

influencing factors into account when thinking about applying very early palatal closure in clinical
practice or research. Whether malnutrition, decreased wound healing and additional surgeries have

an impact on velopharyngeal functioning and speech is also question for further research.

Whether a one-stage palatal closure prior to the age of 6 months is more favorable for speech
outcomes compared to one-stage palatal closure at 12 months is still not clear. At a mean age of 5
years, posterior and non-oral compensatory articulation errors were present in 70% of the included

children with CP+L. Comparable with the results reported by Luyten et al. (2013), significant
differences were found for the presence of compensatory articulation between the group with and

without CP£L at this age in the current study. This is in contrast with the hypothesis that palatal closure
before the onset of canonical babbling should reduce the anchoring of wrong patterns in the child’s

developing phonological system and, as a result, should minimize the occurrence of a compensatory
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articulation pattern (Dorf & Curtin, 1982). However, compensatory articulation may result from a

complex interplay of several influencing factors, of which timing of palatal closure may be one, but

also anatomy and physiology of the velopharyngeal area, hearing, speech input and other unknown
variables need to be considered (Lancaster et al., 2020; Lieberman et al., 2019; Lohmander et al.,
2021). Although most children catch up over time, even without being enrolled in speech therapy, the

presence of compensatory articulation and a decreased speech understandability and acceptability
during childhood may have an impact on the child’s psychosocial functioning (Murray et al., 2010).

Therefore, speech therapy is still of utmost importance although providing speech therapy in resource-
limited countries remains a challenge. It is difficult to draw conclusions from this first study that
investigated the evolution of speech after early palatal closure in depth. A comparison with the

longitudinal results in children who received palatal closure after the age of 6 months in a larger study

sample is needed before any strong conclusions can be made. Additionally, prospective studies
including the analysis of babbling and consonant inventory in young children who received very early

palatal closure and follow-up during speech development would be interesting.

This study was conducted in a unique setting where, due to a limited availability of health care
professionals, participants could not be treated by a cleft team. Several attempts are made at CoRSU
hospital to provide the best possible care to children with CPzL, including high surgical and anesthesia
standards, which are required to perform save interventions in such young babies (Hodges, 2010).

However, children are only treated by a single surgeon and an SLP and/or nutritionist at times. No ENT

specialist, nor audiologist is yet available. As a result, the hearing of the children cannot be evaluated
and hearing problems are often not treated. This could have had a negative influence on the reported

speech outcomes in the current study. Another possible influencing factor is the use of the children’s

second language, English, during the speech assessments. Despite excluding non-native consonants
from the articulation analysis and including a control group with the same cultural and language

background, possible influence on the results could not be fully excluded. Another limitation related

to the context is the restricted response rate. Only 29% from the eligible children with CP+L
participated in the current study. Other studies in countries with limited healthcare access also
mentioned this limitation (Balasubramaniyan et al., 2017; de Buys Roessingh et al., 2012), which can

be related to the difficulty to travel (long distances) for follow-up given the economic pressure on
families. As a result, especially those children with CP£L and their caregivers who still perceived

difficulties with speech or post-operative complications (e.g., fistula) may have shown up. As

mentioned above, 60% of the included children received additional surgery (i.e., fistula repair, palatal
re-repair, buccal flap). These children were already enrolled in a follow-up trajectory which could have

lowered the threshold to participate in the present study and/or could have resulted in the inclusion
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of those children with a worse outcome. Due to large variability and the mentioned influencing factors,

caution is required in generalizing these results to the entire Ugandan population with CP+L.

Overall, good to excellent intra- and interrater reliability agreement was found for the different

perceptual speech variables. For some variables, poor to fair intra- or inter-rater reliability was found
based on ICCs. When interpreting ICCs, the heterogeneity of the results has to be taken into account

as a homogeneous group can induce lower ICC values compared to a more heterogeneous group
despite similar levels of agreement (Costa-Santos et al., 2011; Hallgren, 2012). Therefore, percentages

of absolute agreement were calculated to complement the ICCs. However, low reliability was found
for the variables ‘anterior oral CSCs’ and ‘non-cleft speech errors’. Other authors also reported low
reliability results for these parameters (Bruneel et al., 2020; Chapman et al., 2016; Sell et al., 2009).

Most anterior CSCs included dental/interdental articulation. It has been mentioned that the distinction
between dental/interdental articulation as an anterior oral CSC or a developmental error in children

with CP+L is difficult (Sell et al., 2009). Other reasons for low reliability of these variables that are
mentioned in the literature are limited training and overlap between some cleft and non-cleft speech

immaturities/errors (Sell et al., 2009). A different interpretation by both raters may explain the low
inter-rater reliability of these variables. In future research, a training session including consensus

listening may result in higher agreement for these variables.

5. Conclusion

Although the speech of Ugandan children who were born with CPtL and received palatal
closure prior to the age of 6 months generally improved over time, the effect of very early palatal

closure on speech was below expectations. At the age of 5 years, 70% of the children with CP£L showed

compensatory articulation errors affecting speech understandability and acceptability. Differences
were still present compared to the speech of children without CP+L at the age of 10 years, especially

regarding understandability and the presence of passive speech errors such as hypernasality. It is

difficult to draw strong conclusions based on the small study sample and the complex interaction of
several influencing factors. The limited response rate, complicated wound healing probably due to
malnutrition, and limited access to speech therapy, speech improving surgery and hearing

interventions need to be taken into account when interpreting the results of this study. These
influencing variables should also be considered when thinking about applying very early palatal closure

in clinical practice or research. The unique context of Uganda resulted in a new approach regarding

timing of palatal closure with specific challenges. Whether palatal closure prior to the age of 6 months

is transferable to other countries is subject for further research, including both longitudinal and

prospective designs with larger samples.

27



Author statement

Title
Better speech outcomes after very early palatal repair? — A longitudinal case-control study in
Ugandan children with cleft palate

Authors
Kim Bettens: Conceptualization, Methodology, Formal analysis, Investigation, Writing - Original Draft,

Funding acquisition

Cassandra Alighieri: Methodology, Formal analysis, Investigation, Writing - Review & Editing

Laura Bruneel: Methodology, Formal analysis, Investigation, Writing - Review & Editing

Evelien D'haeseleer: Methodology, Investigation, Writing - Review & Editing

Anke Luyten: Methodology, Investigation, Writing - Review & Editing

Daniel Sseremba: Investigation, Project administration

Duncan Musasizib: Investigation, , Project administration

Isaac Ojok: Investigation, Project administration
Andrew Hodges: Resources, Writing - Review & Editing

George Galiwango: Resources, Writing - Review & Editing

Hubert Vermeersch: Resources, Writing - Review & Editing, Supervision, Funding acquisition

Kristiane Van Lierde: Conceptualization, Methodology, Writing - Review & Editing, Supervision,
Funding acquisition

Based on https://www.elsevier.com/authors/policies-and-guidelines/credit-author-statement

28


https://www.elsevier.com/authors/policies-and-guidelines/credit-author-statement

References

Altman, D. G. (1991). Practical Statistics for Medical Research. Chapman and Hall.

Balasubramaniyan, S., Raghunathan, V., Rajashekhar, B., Sathiyasekaran, B., & Nagarajan, R. (2017).
Planning community-based intervention for speech for children with cleft lip and palate from
rural South India: A needs assessment. Indian journal of plastic surgery: official publication of
the Association of Plastic Surgeons of India, 50(3), 295.

Bettens, K., Bruneel, L., Alighieri, C., Sseremba, D., Musasizib, D., Ojok, I., . . . Van Lierde, K. (2020).

Perceptual speech outcomes after early primary palatal repair in Ugandan patients with cleft
palate. The Cleft Palate-Craniofacial Journal, published online.

https://doi.org/10.1177/1055665620980249

Bruneel, L., Bettens, K., De Bodt, M., D'haeseleer, E., Thijs, Z., Roche, N., & Van Lierde, K. (2020). Stages
in the development and validation of a Belgian Dutch outcome tool for the perceptual
evaluation of speech in patients with cleft palate. The Cleft Palate-Craniofacial Journal, 57(1),
43-54,

Bruneel, L., Bettens, K., & Van Lierde, K. (2019). The relationship between health-related quality of life
and speech in patients with cleft palate. International journal of pediatric otorhinolaryngology,
120,112-117.

Chapman, K. L., Baylis, A., Trost-Cardamone, J., Cordero, K. N., Dixon, A., Dobbelsteyn, C,, . .. Sell, D.
(2016). The Americleft Speech Project: A Training and Reliability Study. Cleft Palate-
Craniofacial Journal, 53(1), 93-108. https://doi.org/10.1597/14-027

Chapman, K. L., Hardin-Jones, M., Schulte, J., & Halter, K. A. (2001). Vocal development of 9-month-

old babies with cleft palate. Journal of Speech, Language, and Hearing Research, 44, 1268-
1283.

Copeland, M. (1990). The effects of very early palatal repair on speech. British journal of plastic surgery,
43(6), 676-682.

Costa-Santos, C., Bernardes, J., Ayres-de-Campos, D., Costa, A., & Amorim-Costa, C. (2011). The limits
of agreement and the intraclass correlation coefficient may be inconsistent in the
interpretation of agreement. Journal of clinical epidemiology, 64(3), 264-269.
https://doi.org/10.1016/].jclinepi.2009.11.010

de Buys Roessingh, A. S., Dolci, M., Zbinden-Trichet, C., Bossou, R., Meyrat, B.-J., & Hohlfeld, J. (2012).
Success and failure for children born with facial clefts in Africa: a 15-year follow-up. World
journal of surgery, 36(8), 1963-1969.

De Mey, A., Swennen, G., Malevez, C., George, M., & Mansbach, A.-L. (2006). Long-term follow-up of
UCLP at the Reine Fabiola Children's Hospital. B ENT, 2(4), 44-50.

Desai, S. N. (1983). Early cleft palate repair completed before the age of 16 weeks: observations on a
personal series of 100 children. British journal of plastic surgery, 36(3), 300-304.

Dorf, D. S., & Curtin, J. W. (1982). Early cleft palate repair and speech outcome. Plastic and
reconstructive surgery, 70(1), 74-81.

Doucet, J.-C., Herlin, C., Captier, G., Baylon, H., Verdeil, M., & Bigorre, M. (2013). Speech outcomes of
early palatal repair with or without intravelar veloplasty in children with complete unilateral
cleft lip and palate. British Journal of Oral and Maxillofacial Surgery, 51(8), 845-850.

Eliason, M. J., Hadford, S., Green, L., & Reeves, T. (2020). Incidence of fistula formation and
velopharyngeal insufficiency in early versus standard cleft palate repair. Journal of Craniofacial
Surgery, 31(4), 980-982.

Hallgren, K. A. (2012). Computing inter-rater reliability for observational data: an overview and tutorial.
Tutorials in Quantitative Methods for Psychology, 8(1), 23-.

Henningsson, G., Kuehn, D. P., Sell, D., Sweeney, T., Trost-Cardamone, J. E., & Whitehill, T. L. (2008).
Universal parameters for reporting speech outcomes in individuals with cleft palate. The Cleft
palate-craniofacial journal, 45(1), 1-17.

Hodges, A. M. (2010). Combined early cleft lip and palate repair in children under 10 months—a series

of 106 patients. Journal of Plastic, Reconstructive & Aesthetic Surgery, 63(11), 1813-1819.

29



John, A, Sell, D., Sweeney, T., Harding-Bell, A., & Williams, A. (2006). The cleft audit protocol for
speech-augmented: A validated and reliable measure for auditing cleft speech. Cleft Palate-
Craniofacial Journal, 43(3), 272-288. https://doi.org/10.1597/04-141.1

Jgrgensen, L. D., & Willadsen, E. (2020). Longitudinal study of the development of obstruent
correctness from ages 3 to 5 years in 108 Danish children with unilateral cleft lip and palate: a
sub-study within a multicentre randomized controlled trial. International Journal of Language
& Communication Disorders, 55(1), 121-135.

Kaplan, E. N. (1981). Cleft palate repair at three months? Annals of Plastic Surgery, 7(3), 179-190.

Kaplan, I., Ben-Bassat, M., Taube, E., Dresner, J., & Nachmani, A. (1982). Ten-year follow-up of
simultaneous repair of cleft lip and palate in infancy. Annals of Plastic Surgery, 8(3), 227-228.

Karling, J., Larson, O., & Henningsson, G. (1993). Oronasal fistulas in cleft palate patients and their
influence on speech. Scandinavian journal of plastic and reconstructive surgery and hand
surgery, 27(3), 193-201.

Katusabe, J. L., Hodges, A., Galiwango, G. W., & Mulogo, E. M. (2018). Challenges to achieving low
palatal fistula rates following primary cleft palate repair: experience of an institution in
Uganda. BMC research notes, 11(1), 358-364.

Kummer, A. (2005). Simplified Nasometric Assessment Procedures (SNAP): Nasometer Test-Revised.
Pine Brook, Kay Elemetrics.

Lancaster, H. S., Lien, K. M., Chow, J. C,, Frey, J. R., Scherer, N. J., & Kaiser, A. P. (2020). Early speech
and language development in children with nonsyndromic cleft lip and/or palate: A meta-
analysis. Journal of Speech, Language, and Hearing Research, 63(1), 14-31.

Lieberman, M., Lohmander, A., & Gustavsson, L. (2019). Parents’ contingent responses in
communication with 10-month-old children in a clinical group with typical or late babbling.
Clinical linguistics & phonetics, 33(10-11), 1050-1062.

Lippke, B. A., Dickey, S. E., Selmar, J. W., & Soder, A. L. (1997). PAT-3: Photo Articulation Test. Pro-Ed.

Lohmander, A., & Persson, C. (2008). A longitudinal study of speech production in Swedish children
with unilateral cleft lip and palate and two-stage palatal repair. Cleft Palate-Craniofacial
Journal, 45(1), 32-41. https://doi.org/10.1597/06-123.1

Lohmander, A., Westberg, L. R., Olsson, S., Tengroth, B. ., & Flynn, T. (2021). Canonical Babbling and
Early Consonant Development Related to Hearing in Children With Otitis Media With Effusion
With or Without Cleft Palate. The Cleft Palate-Craniofacial Journal, 58(7), 894-905.

Lohmander, A., Willadsen, E., Persson, C., Henningsson, G., Bowden, M., & Hutters, B. (2009).
Methodology for speech assessment in the Scandcleft project--an international randomized
clinical trial on palatal surgery: experiences from a pilot study. Cleft Palate-Craniofacial
Journal, 46(4), 347-362. https://doi.org/10.1597/08-039.1

Luyten, A., Bettens, K., D'Haeseleer, E., De Ley, S., Hodges, A., Galiwango, G., ... Van Lierde, K. (2014).
The impact of palatal repair before and after 6 months of age on speech characteristics.
International journal of  pediatric otorhinolaryngology, 78(5), 787-798.
https://doi.org/10.1016/].ijporl.2014.02.012

Luyten, A., Bettens, K., D'haeseleer, E., De Ley, S., Hodges, A., Galiwango, G., .. . Van Lierde, K. (2013).
Impact of early synchronous lip and palatal repair on speech. Folia Phoniatrica et Logopaedica,
65(6), 303-311.

Mpuga, D. (2003). The official language issue: a look at the Uganda experience. African Language
Research Project Summer Conference,

Murray, L., Arteche, A., Bingley, C., Hentges, F., Bishop, D. V. M., Dalton, L., ... Hill, J. (2010). The effect
of cleft lip on socio-emotional functioning in school-aged children. Journal of Child Psychology
and Psychiatry, 51(1), 94-103.

Nyberg, J., Peterson, P., & Lohmander, A. (2014). Speech outcomes at age 5 and 10 years in unilateral
cleft lip and palate after one-stage palatal repair with minimal incision technique-A
longitudinal perspective. International journal of pediatric otorhinolaryngology, 78(10), 1662-
1670.

30



Park, J. E. E., Gray, S., Bennani, H., Antoun, J. S., & Farella, M. (2016). Morphometric growth changes
of the nasopharyngeal space in subjects with different vertical craniofacial features. American
Journal of Orthodontics and Dentofacial Orthopedics, 150(3), 451-458.

Peterson-Falzone, S. J., Trost-Cardamone, J., Karnell, M. P., & Hardin-Jones, M. A. (2016). Early
Phonological Development. In The Clinician's Guide to Treating Cleft Palate Speech-E-Book
(2nd ed., pp. 47-56). Elsevier Health Sciences.

Russell, J., & Grunwell, P. (1993). Speech development in children with cleft lip and palate. In P.
Grunwell (Ed.), Analysing Cleft Palate Speech (pp. 19-47). Whurr Publishing.

Scherer, N. J., Williams, A. L., & Proctor-Williams, K. (2008). Early and later vocalization skills in children
with and without cleft palate. International journal of pediatric otorhinolaryngology, 72(6),

827-840.

Sell, D., John, A., Harding-Bell, A., Sweeney, T., Hegarty, F., & Freeman, J. (2009). Cleft audit protocol
for speech (CAPS-A): a comprehensive training package for speech analysis. International
Journal of Language & Communication Disorders, 44(4), 529-548.
https://doi.org/10.1080/13682820802196815

Sell, D., Mildinhall, S., Albery, L., Wills, A. K., Sandy, J. R., & Ness, A. R. (2015). The Cleft Care UK study.
Part 4: perceptual speech outcomes. Orthodontics & craniofacial research, 18(S2), 36-46.

Shaw, W., Semb, G., Lohmander, A., Persson, C., Willadsen, E., Clayton-Smith, J., ... Harman, N. (2019).
Timing Of Primary Surgery for cleft palate (TOPS): protocol for a randomised trial of palate
surgery at 6 months versus 12 months of age. BMJ open, 9(7), €029780.

Stout, G., Hardin-Jones, M., & Chapman, K. L. (2011). An analysis of the frame-content theory in babble
of 9-month-old babies with cleft lip and palate. Journal of Communication Disorders, 44(6),
584-594.

Tungotyo, M., Atwine, D., Nanjebe, D., Hodges, A., & Situma, M. (2017). The prevalence and factors
associated with malnutrition among infants with cleft palate and/or lip at a hospital in Uganda:
a cross-sectional study. BMC pediatrics, 17(1), 1-7.

Vilella, B. S., Vilella, O. V., & Koch, H. A. (2006). Growth of the nasopharynx and adenoidal development
in Brazilian subjects. Brazilian oral research, 20(1), 70-75.

Willadsen, E., & Albrechtsen, H. (2006). Phonetic description of babbling in Danish toddlers born with
and without unilateral cleft lip and palate. The Cleft Palate-Craniofacial Journal, 43(2), 189-
200.

Willadsen, E., Lohmander, A., Persson, C., Lundeborg, ., Alaluusua, S., Aukner, R., ... Davies, J. (2017).
Scandcleft randomised trials of primary surgery for unilateral cleft lip and palate: 5. Speech
outcomes in 5-year-olds-consonant proficiency and errors. Journal of plastic surgery and hand
surgery, 51(1), 38-51.

Ysunza, A., Pamplona, M. C., Mendoza, M., Garcia-Velasco, M., Aguilar, M. P., & Guerrero, M. E. (1998).
Speech outcome and maxillary growth in patients with unilateral complete cleft lip/palate

operated on at 6 versus 12 months of age. Plastic and reconstructive surgery, 102(3), 675-679.

31





