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Background and Objectives: Voice assessment is one of the five universal parameters in 
assessing the speech ability of children with cleft palate. One of the characteristics of cleft 
palate children is the production of compensatory errors. This study aims to compare the 
acoustic characteristics of the voice, including fundamental frequency, jitter, shimmer, and 
average harmonic to noise ratio in cleft palate children compared to their normal peers.

Methods: A total of 38 children in the age range of 48 to 60 months (17 children with 
cleft palate and 21 normal peers) participated in this descriptive-analytical and cross-
sectional study. The children were asked to produce sustained vowels /a/ and /i/ while 
their speech samples were being recorded. The acoustic characteristics of the children’s 
voices were analyzed via the Praat software.

Results: There were no statistically significant differences in acoustic parameters between 
the cleft palate children with and without compensatory errors. There were significant 
differences between children with cleft palate compared to their normal peers in the jitter 
averages of the vowel /a/ (P=0.05). The gender differences were found in the harmonic to 
noise ratio averages of the vowel /a/ between children with cleft palate (P=0.02).

Conclusion: Young children with velopharyngeal insufficiency may be at risk of voice problems.
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1. Introduction

peech is the result of various muscles’ 
coordination, including lips, tongue, ve-
lopharyngeal system, and vocal folds. 
Many disorders regarding speech pro-
duction are because of the structural 
abnormalities of the speech organs [1]. 

Accordingly, studies have proved that 20% to 30% of 
patients with repaired cleft palate show speech produc-
tion disorders because of Velopharyngeal Insufficiency 
(VPI) [2]. This is a disorder that results from improper 
closure of the soft palate against the posterior pharyn-
geal wall during speech. The inadequacy of the pha-
ryngeal valve allows the air to escape from the nose 
during speech, which causes hypernasal and unintelli-
gible speech. One of the causes of VPI is the abnormal 
anatomical structures in the soft palate. The most com-
mon cause of VPI is cleft palate or submucosal cleft 
[3]. Children with cleft lip and or palate repaired may 
show VPI that results in nasal air emission, nasal or 
facial grimacing, compensatory errors, obligatory er-
rors, and misarticulation [4]. 

To evaluate the speech characteristics of individuals 
with cleft palate, Henningsson et al. introduced vari-
ous parameters, including hypernasality, hyponasality, 
nasal air emission, articulation errors, and voice prob-
lems [5]. Compensatory errors are one of the speech 
problems that affect the speech clarity and acceptabil-
ity of people with cleft palates. The compensatory er-
rors include glottal stops, pharyngeal stops, pharyngeal 
fricative, pharyngeal affricative, posterior nasal frica-
tive, nasal fricative, and mid-dorsum palatal stops [6].

Boltezar et al. (2006) reported that 9.2% of children 
with cleft lip and palate had functional voice problems 
and hoarseness. Boltezar et al. concluded that Ear, 
Nose, and Throat (ENT) specialists should play an 

active role in treating cleft palate children [7]. Struc-
tural defects, such as cleft palate, affect the vocal cords 
and changes the quality of sound; therefore, individu-
als who have oral clefts require voice assessment [8]. 
People with cleft palate are at risk of voice disorders 
because of laryngeal hyperactivity, resulting from 
compensatory error production [9]. For instance, a 
more laryngeal function is required during glottal stop 
production; therefore, this leads to damage to the vocal 
folds and vocal disturbances.

Gonzalez et al. (2015) examined the acoustic char-
acteristics of 14 children with unilateral cleft lip and 
palate who had VPI compared to normal children. The 
fundamental frequency (f0) was higher in cleft palate 
children compared to their normal peers. Moreover, 
the shimmer was greater in the cleft palate group com-
pared to normal children. Gonzalez et al. (2015) con-
cluded it seems reasonable to offer voice therapy in 
the speech and language pathologist’s treatment plan 
for children with VPI [10]. Mojiri et al. (2011) exam-
ined the acoustic characteristics of children with VPI 
at the age of 4 to 8 years and compared them to their 
normal peers. The results showed no significant differ-
ences between the mean f0, jitter, and shimmer in the 
children with VPI and their normal peers [9]. Dehghan 
(2019) studied the acoustic characteristics of the voice 
of 30 children with cleft palate and VPI and their nor-
mal peers at the age of 6 to 12 years. He reported no 
significant difference between the two groups of chil-
dren in the shimmer [11].

Aydinli et al. studied the effect of the glottal stop on 
the voice of cleft palate children. The results showed 
that the acoustic features of children who use glottal 
stops were significantly different from children who 
did not use it [12].

S

 What is “already known” in this topic:

Voice problems reported in people with cleft palate are known; therefore, these patients require to be man-
aged by an Ear, Nose, and Throat (ENT) specialist along with a speech and language pathologist for medical 
intervention, voice assessment, and therapy.

 What this article adds:

Children with cleft palate and velopharyngeal insufficiency may be at risk of voice disorders; therefore, they 
need to be referred to ENT specialists for early intervention and medical assessment of vocal mechanisms. In addi-
tion, a speech and language pathologist should conduct a comprehensive voice assessment and early intervention. 
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The voice assessment of young children with cleft 
palate with and without compensatory error can help 
in early detection, prevention, and intervention in 
treating voice disorders.

The acoustic voice analysis as a clinical document by 
measuring the frequency, intensity (amplitude), pertur-
bation (jitter and shimmer), and range can provide in-
formation about vocal fold movement. Measure, such 
as f0, amplitude, and signal-to-noise ratio (harmonics-
to-noise ratio [HNR]) are the acoustic signs of voice 
problems [13].

The purpose of this study is to answer the following 
questions:

Are the acoustic characteristics of the voice of chil-
dren with cleft palate in the age range of 48 to 60 
months different from their normal peers?

Are the acoustic characteristics of the voice differ-
ent in children with cleft palate with and without using 
compensatory errors?

2. Materials and Methods

Patients

In this descriptive-analytical and cross-sectional 
study, 38 Persian-speaking children from the age of 48 
to 60 months participated in two groups: cleft palate 
and normal. The cleft palate children were referred to 
speech therapy centers in Tehran and their peers were 
in the accessible kindergartens. The inclusion criteria 
were being monolingual (Persian language), being in 
the age range of 48 to 60 months, no sensorineural 
hearing loss, and no obvious voice disorders. The ex-
clusion criteria were a lack of speech intelligibility and 
a lack of cooperation in speech sample recording.

The parents signed an informed consent form. The 
speech samples were recorded in a quiet room with 
noises less than 45 dB [13]. The children’s voices were 
recorded using the AKG C555 headset microphone, 
located 10 cm to the left of their mouths [9, 14]. The 
microphone was connected to an ASUS K43S laptop, 
which contained the Audacity software, connected to 
an external sound card [13]. The speech sample was 
recorded in 2 ways:

Sustained utterance of vowels /a/ and /i/ [14] for 4 to 
5 s; repeating the given words and sentences.

The speech analysis of samples was performed in the 
following procedure:

For the acoustic analysis of the sound, 0.5 s was re-
moved at the beginning of the sustained vowel, and 
then 3 s was selected. Meanwhile, the acoustic param-
eters, including f0, jitter and shimmer, and HNR were 
performed using the Praat software, version 6.0.36.

The second speech samples were recorded to diagnose 
misarticulation and compensatory error production via 
the test of repeating the given words and sentences [15] 
along with the speech intelligibility test [16]. The word 
and sentence repetition test included 40 single words 
and 17 sentences that are reported by Amiriyan et al. 
as an acceptable and reliable test to assess children’s 
speech [15]. Introduced by Heydari et al. as an accept-
able and reliable test for Persian language children, the 
speech intelligibility test includes 47 pictures [16]. 

Two experts heard and recorded the speech of chil-
dren with cleft palate. They diagnosed and separated 
children into 2 groups: with and without compensatory 
errors. Subsequently, the cleft palate children were di-
vided into 2 groups: with and without compensatory er-
rors. The grade, roughness, breathiness, asthenia, strain 
(GRBAS) perceptual auditory assessment scale was 
used to diagnose voice disorders in children [17]. The 
data were analyzed using the SPSS software, version 
21. The level of significance was considered P<0.05.

3. Results

A total of 38 children in the age range of 48 to 60 
months participated in this study. The group of 17 chil-
dren with repaired cleft palate included 8 boys and 9 
girls while the group of 21 normal children included 9 
boys and 12 girls. Table 1 demonstrates the two groups 
of participants in this study. Table 2 summarizes the 
acoustic characteristics of the voice for two groups of 
children with cleft palate and normal. The hypothesis 
of the non-normal distribution of data was rejected via 
the Smirnov-Kolmogorov test (P<0.05). Therefore, 
given the normality of the data, the independent sam-
ples t test was used to compare the means of the data.

Table 2 summarizes the Mean±SD f0, jitter, shimmer, 
and HNR for the two groups. There is a significant dif-
ference (P=0.049) between children with cleft palate 
and their normal peers in the shimmer of the vowel /a/. 

Figure 1 shows the shimmer in the vowel /a/ in both 
groups of children.
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Table 3 demonstrates the Mean±SD f0, jitter, shimmer, 
and HNR between cleft palate children with and without 
compensatory errors in the production of the vowels /a/ 
and /i/. There is no significant difference in the acoustic 
parameters of the voice between the two groups of chil-
dren with cleft palate with and without compensatory 
errors (P<0.05). The acoustic parameters for girls and 
boys in the two groups of cleft palate children with and 
without compensatory were compared as well. There 
is a significant difference in the average HNR in the 
production of the vowel /a/ between the boy and girls 
(P=0.02). Figure 2 shows the average HNR for cleft pal-
ate children with and without compensatory errors. The 
HNR is higher in boys compared to girls.

4. Discussion

Children with cleft lip and palate may be at risk of 
voice disorders; therefore, they need to be assessed 
by a speech and language pathologist for early voice 
problems diagnosis and intervention. Most commonly, 

the acoustic parameters of voice, including the pertur-
bation measures of pitch (jitter), amplitude (shimmer), 
and HNR are used to evaluate the voice quality [11]. 
The jitter is the parameter of frequency variation from 
cycle to cycle and the shimmer is the amplitude dur-
ing phonation [18]. The acoustic analysis as a clinical 
document shows perceptual signs of voice problems. 
Therefore, at least a speech and language pathologist 
can determine the perceptual signs of voice problems 
in children with cleft lip and palate immediately by 
voice sample analysis.

Children with VPI may use pharyngeal or laryngeal 
production as a place of articulation. Thus, these pa-
tients are at risk for voice disorders [19]. Studies show 
that more subglottic pressure during talking leads to 
hyperfunction of the larynx [19]. Voice problems in 
children with cleft palate and VPI were reported [18, 
20]. Robinson and Otteson reported a 5.5% prevalence 
of hoarseness in the cleft palate population. The la-
ryngoscopic findings showed vocal fold nodules and 

Table 1. Two groups of participants

No. (%)SexNo. (%)Participants

17(44.7)
Girl9(52.9) 

Cleft palate children
Boy8(47.1) 

21(52.3)
Girl12(57.1)

Normal children
Boy9(42.9)

38(100)Total

Table 2. Acoustic characteristics of the voice for two groups

P
Children With Cleft PalateNormal Children

VowelAcoustic
Parameters Max (Min)Mean±SDMax (Min)Mean±SD

0.8680.66(0.12)0.13±0.360.75 (0.15)0.14 ±0.35Jitter

*0.0495.40(0.52) 1.32±2.796.86 (1.82)1.43±3.71Shimmer

0.686378.60 (197.80)48.1±286.68346.30 (225.4)27.38±292.38/a/ f0

0.63027.82 (16.60)2.98±21.2528.94 (16.02) 3.37±20.74HNR

0.6820.60 (0.15) 0.12±0.310.68 (0.13)0.14±0.33Jitter

0.3085.59 (0.71) 1.36±2.335.72 (1.26)1.30±2.78Shimmer

0.905 434.20 (218.1)48.21±309.44364.10 (232.9) 39.63±311.15/i/ f0

0.7826.84 (16.37) 3.05±20.8727.72 (14.84) 3.12±22.25HNR

* P<0.05 indicates significant difference.
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edema, or mucosal thickening of the vocal folds in the 
children with hoarseness [18]. 

In the current study, the acoustic characteristics of 
speech sounds in children at the age of 48 to 60 months 
were compared to their normal peers. The findings 
showed no significant difference in the acoustic char-
acteristics of the mean f0, jitter, and HNR between the 
two groups of children. The other findings of this study 
are as follows: 

The results showed a significant difference between 
the two groups of children in the average shimmer of 
the vowel /a/ (P=0.049). The average shimmer values 

for the cleft palate children, producing the vowel /a/ 
(2.79 dB) was lower than their normal peers (3.71dB). 
In this study, all participants with cleft palate showed 
hypernasality; therefore, the decrease in the shimmer 
values for the cleft palate children could be due to hy-
pernasality compared to normal children. 

The mean HNR in the vowel /a/ for the girls and boys 
with cleft palate was significantly different (P=0.02). 
HNR is a parameter that can be used to measure the rela-
tionship between the physiological aspects of sound pro-
duction and its perceptual characteristics [21]. The HNR 
will increase with less noise energy in the acoustic speech 
signal. Thus, the HNR in people without voice problems 

Table 3. Acoustic characteristics of the voice for two groups

P
Mean±SD

VowelAcoustic
Parameters Children Without

Compensatory Errors
Children With

Compensatory Errors

0.6610.13±0.370.13±0.34Jitter

0.8671.6±2.840.13±2.27Shimmer

0.55157.32±279.8268.37±294.4/a/ f0

0.7712.71±21.452.09±21.01HNR

0.6610.15±0.330.09±0.3Jitter

0.1111.6±2.830.78±1.77Shimmer

0.45762.25±300.9126.17±319.03/i/ f0

0.0722.38±19.623.24±22.27HNR
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is more than that in people with voice disorders. Our find-
ings showed that the average HNR in the vowel /a/ for the 
girls (19.76 dB) was lower than for the boys (22.92 dB). 
Robinson and Otteson reported that the number of girls 
with hoarseness was more than boys. Therefore, it can be 
concluded that girls with cleft palate probably had more 
harmful behaviors to their vocal cords. 

The present study aimed to compare the acoustic 
characteristics of the voice in cleft palate children 
with and without compensatory errors. The mean f0, 
jitter, shimmer, and HNR were not significantly differ-
ent between the two groups of children. There was no 
significant difference in the acoustic characteristics be-
tween the two groups (with or without compensatory 
errors). The findings of Aydinli et al. (2015) showed 
that f0, jitter, and shimmer were significantly different 
between the individuals with and without glottal stop, 
used as compensatory errors [12]. In the present study, 
35% of children with cleft palate used glottal stop. If 
children only use the glottal stop, the acoustic charac-
teristics of their voice will be more affected.

Villafuerte-Gonzalez et al. reported that f0 was 
higher in cleft palate boys compared to their peers. 
Meanwhile, the shimmer was greater in the cleft palate 
group than in normal children [10]. The current study 
findings showed no significant difference in the acous-
tic characteristics of the mean f0, jitter, and HNR be-
tween the two groups of children.

Mojiri et al. reported no significant differences be-
tween the mean f0, jitter, and shimmer in the children 
with VPI and their normal peers [9].

The results of the present study showed a significant 
difference between the two groups of children with 
cleft palate and their normal peers in the average shim-
mer of the vowel /a/. Dehghan reported no significant 
difference between the two groups of children in the 
shimmer [11]. 

5. Conclusion

The findings showed no significant difference in the 
acoustic characteristics of the mean f0, jitter, and HNR 
between the two groups of children in the age range of 
48 to 60 months. These findings could be the cause that 
no children complain about voice problems. One of the 
most important limitations of this study was related to 
the COVID-19 pandemic, as the most important fac-
tor for the lack of access to children in the selected age 
range (48 to 60 months). Accordingly, more populations 
with cleft lip and palate are needed in future studies.

Ethical Considerations

Compliance with ethical guidelines

The Ethics Committee of Iran University of Medi-
cal Sciences approved the study (Code: IR.IUMS.
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مقاله پژوهشی 

تحلیل ویژگی های آکوستیکی صوت در کودکان مبتلا به شکاف کام با و بدون خطای جبرانی در 
مقایسه با کودکان طبیعی

مقدمه ارزیابی صوت، یکی از پنج پارامتر جهانی در ارزیابی گفتار کودکان با شکاف کام است. یکی از ویژگی های گفتار کودکان شکاف 
کام، تولید خطاهای جبرانی است. هدف از این مطالعه مقایسه ویژگی های آکوستیکی صوت شامل: میانگین فرکانس پایه، آشفتگی 
فرکانس )Jitter(، اشفتگی دامنه )Shimmer( و میانگین نسبت هارمونی به نویز )HNR( در کودکان شکاف کام و همتایان طبیعی است.

مواد و روش‌ها در این مطالعه توصیفی- تحلیلی و مقطعی 38 کودک 60-48 ماهه شرکت کردند )17 کودک با شکاف کام و 21 کودک 
طبیعی (. از کودکان خواسته شد تا واکه های /a/ و /i/ را با کشش تولید کنند و نمونه گفتار آنها نیز ضبط شد. ویژگی های آکوستیکی 

صوت کودکان نیز یا استفاده ازنرم افزار Praat تجزیه و تحلیل شد. 
یافته‌ها در ویژگی های آکوستیکی صوت دو گروه کودکان شکاف کام با و بدون خطاهای جبرانی تفاوت معنی دار نبود. پارامتر آکوستیکی 
آشفتگی دامنه در واکه /a/ در گروه کودکان با شکاف کام در مقایسه با همتایان طبیعی تفاوت معنی داری داشت )P=0/05( و میانگین 

.)P=0/02( در دختران و پسران با شکاف کام نیز تفاوت معنی دار بود /a/ نسبت هارمونی به نویز در واکه
نتیجه‌گیری کودکان خردسال با اختلال عملکردی نرمکامی حلقی ممکن است در معرض خطر مشکلات صوت باشند. 
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