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Introduction
Cleft of lip and palate (CLP) is a craniofacial deformity which 

occurs due to cessation of fusion of palatal shelves during the 
first trimester of pregnancy. It is caused due to various extrinsic 
and intrinsic factors and reported to have a prevalence of 1 in 650 
live births in Indian subcontinent [1]. It has also been reported 
that there is an increase in the number of children reported with 
CLP every year in India [2]. Children with CLP present with va-
rious speech and language disorders such as articulatory errors, 
compensatory articulation, poor receptive and/or expressive 
language skills, velopharyngeal dysfunction, nasal air emissions 
and voice disorder etc., [3].

Voice disorder has been investigated quite often in indivi-
duals with CLP [4-6]. Approximately 5% to 21% of children with 
CLP are affected by voice disorder with varying degree of seve-
rity [7-12]. Voice disorder is reported to be a factor influencing 
the quality of cleft palate speech [4]. There have been various 
studies which investigated the presence of voice disorders and 
attempted to explain its underlying pathophysiology in indivi-
duals with CLP. In addition, few other studies investigated the  

 
acoustic and aerodynamic aspects of voice in the same popula-
tion.

One of the early studies on voice in children with CLP, inves-
tigated forty three children with associated hoarseness of voice 
using laryngoscopy [13]. It was reported that out of 43 child-
ren 8 children did not present with hoarseness of voice at the 
time of laryngoscopic investigation. Though the reason for the 
same is not proposed, it can be speculated that there was spon-
taneous reduction in the hoarseness in these children. Among 
the remaining children, only 32 children were examined using 
laryngoscope. Out of them, around 84% were found with vocal 
cord problems such as, unilateral vocal cord nodules, bilateral 
vocal cord nodules, posterior glottal chink, bilateral vocal cord 
hypertrophy, slight anterior edema and improper vocal cord ap-
proximation. The authors opined that if a child with CLP pre-
sents with hoarseness of voice at the beginning, speech therapy 
is contradicted in them. Also presence of vocal pathologies spe-
cifically vocal nodules is a strong indicator of improper velao-
pharyngeal function. Secondary procedures to correct velopha-
ryngeal inadequacy in such cases was advised.
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The relationship between the laryngeal dysfunction and hy-
pernasality in adults with repaired cleft was also investigated 
[14]. It was reported in the study that only adults with signifi-
cant hypernasality exhibited abnormal laryngeal function. They 
concluded that the abnormal laryngeal valving was used as a 
compensatory mechanism by individuals with velopharyngeal 
incompetency.

 A longitudinal study investigated 15 children with CLP who 
had undergone soft palate closure at the age of 6-8 months and 
hard palate closure at the age of 8-9 years of age [7]. The study 
reported that around 47% of children with CLP were dysphonic 
by the age of five years and by the age of nine years only 27% of 
the children were mildly dysphonic. According to the study, the 
voice problem reduced to mild degree at older age due to the 
complete closure of the residual cleft.

The relationship of laryngeal function, voice, nasoendocopic 
and aerodynamic aspects of velopharyngeal dysfunction was 
investigated [6]. The investigation found a strong correlation 
between laryngeal function, voice and sub-glottal air pressure. 
The authors concluded that few of the children with CLP com-
pensate for poor velopharyngeal valving by increasing the effort 
or by abnormal laryngeal valving. This increased respiratory ef-
fort may be the cause of vocal abuse [15].

A study investigated the voice characteristics in ten child-
ren between the age of 6.8 to 11.10 years of age with VPI. The 
study revealed a direct correlation between jitter and perceived 
nasality and on the other hand shimmer was found to be directly 
correlated with perceived hoarseness [16]. Few other studies in-
vestigating the acoustic parameters of voice have reported that 
the voice of children with CLP is characterised by the presence 
of frequency instability, high intensity, abnormal formant distri-
bution and abnormal spectrograms [16-18].

Further a study compared the jitter and shimmer parame-
ters obtained by “Vaghmi speech and voice systems” software 
between pre-operative group and post-operative groups [19]. 
The study consisted of forty children with CLP between 0 to 
10 years of age. The study revealed that the shimmer values of 
pre-operative and post-operative children with CLP was higher 
than their respective control groups though it was not statis-
tically significant. Further there was no statistical difference 
between pre-operative and post-operative children with CLP in 
terms of perturbation parameters. The study revealed that the 
perturbation parameters were not sensitive enough in iden-
tifying the presence of voice disorders in children with CLP. The 
reason for such a conclusion was because they observed jitter 
values to be more sensitive than shimmer values on certain oc-
casions and also the post-operative perturbation values were 
higher than pre-operative condition. The investigators reckoned 
that further research was needed to ascertain the same using va-
rious other perturbation measures.

Additionally a study investigated the voice perturbation 
measures in 49 Kannada speaking, 7 to 13 year old children with 

CLP [20]. Praat software was used to record the phonation of 
children and analyse the same to obtain perturbation measures. 
It was reported that the jitter and shimmer measures obtained 
in children with CLP were comparatively higher than the control 
group. However the values of both groups were within the nor-
mal range. It can be speculated from this study that as the child-
ren were between 7 to 13 years and had attended speech therapy 
they would have overcome the velopharngeal incompetency lea-
ding to statistically insignificant perturbation measures. Howe-
ver, they were still not using the laryngeal mechanism optimally 
due to which the perturbation measures continued to be higher 
in children with CLP than the control group.

Thus the literature revealed that individuals with CLP often 
have voice disorders which could be a compensatory mechanism 
to overcome the velopharyngeal dysfunction or due to under-
lying vocal cord pathology. Voice disorder is not only present in 
children with CLP but also in adults with CLP and the severity of 
the same varied. Vocal disorder is dependent on the severity of 
hypernasality, respiratory effort and reduces as the velopharyn-
geal function improves. However the studies investigating the 
acoustic parameters of voice have been indecisive. This could be 
due to various factors such as age, race, stimulus, software used 
for sample collection and analysis. Age of primary and seconda-
ry surgeries and speech therapy varied in the previous studies 
which also have a significant effect on voice of children with CLP.

Therefore the current study is aimed at investigating the 
voice of 3 to 5 year old native Kannada speaking children with 
repaired cleft of lip and palate (RCLP). The first objective of the 
study was to investigate characteristics of voice in-terms of fun-
damental frequency (Hz) and intensity (dB) in children with 
RCLP and TDC and to compare the same between groups and 
across ages. The second objective was to investigate the pertur-
bation parameters viz., jitter percentage and shimmer percen-
tage in children with RCLP and TDC and to compare the same 
between groups and across ages.

 Jitter is the cycle to cycle variation in frequency and shim-
mer is cycle to cycle variation in intensity of sound wave [21]. 
A jitter percentage of 0.68% and shimmer percentage of 0.45% 
for vowel /a/ has been reported for Indian children between 
5 to 10 years of age [22]. Jitter percentage of 0.5 to1.0% and a 
shimmer percentage of <3% is considered an acceptable value 
in adults [21]. These parameters are best studied by analysing 
steady state vowel. The current study focussed on recording and 
analysing vowel /a/ as it is considered to be acoustically most 
consistent [23,24].

Method
Participant Selection

Forty native Kannada speaking children between the ages of 
3 to 5 years were considered for the study. Among them twenty 
were children with RCLP. They were further divided based on 
age into two groups viz., 3 to 4 year old group and 4 to 5 year 
old group. Children with RCLP were selected based on conve-
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nience sampling from Unit for Structural and Oro-Facial Anoma-
lies at Department of Clinical Services of All India Institute of 
Speech and Hearing, Mysore. Children in RCLP groups had been 
operated for cleft before 1.5 years of age. None of the children 
attended speech and language therapy pre or post-surgery.

Remaining twenty children were typically developing child-
ren (TDC) who were also divided into 3 to 4 year old and 4-5 
year old age groups. They were selected from residential areas, 
Anganwadis and pre-schools from various areas in Mysore. All 
children had to pass WHO Ten Questions Screen (TQS), for child-
hood disability [25]. Any child with concomitant syndromes, up-
per respiratory tract infections, hearing loss, history of middle 
ear infections, poor intelligence, cleft of lip alone, non-native 
Kannada speakers were eliminated from the investigation. The 
parents of the children provided written consent before inclu-
ding their children in the investigation. The study was conduc-
ted according the ethical guidelines of the All India Institute of 
Speech and Hearing [26].

Procedure
The investigator built rapport with each child before begin-

ning the investigation. Following this the child was made to sit 
comfortably with the torso erect in a quiet room on a chair. The 
child was made to wear a headphone with a built in unidirectio-
nal microphone. The distance between the microphone and the 
mouth was maintained at 10 cm. The investigator then demons-
trated a sustained phonation of vowel /a/ at a comfortable pitch 
and loudness after a deep inhalation. The child was then instruc-
ted to carry out the same. After the investigator was convinced 
that the child was able to carry out the activity as demonstrated, 
the data was recorded. The child was asked to phonate vowel /a/ 
three times with a inter stimulus gap of 3 seconds. The phona-
tion was recorded using Praat software (5.4.14) [26] installed in 
a Dell Inspiron laptop and saved for later analysis.

Analysis
The sample of each child was analysed individually using 

Praat software (5.4.14) [27]. This was done by selecting a 3 se-
cond steady state portion of the vowel sample and analysing it. 
Data about fundamental frequency (F0 in Hz), intensity (Int in 
dB), jitter% and shimmer% were collected and tabulated for fur-
ther analyzed within and across groups.

Results
Fundamental Frequency and Intensity Between 
Groups and Across Ages

Shapiro-Wilk Test of normality on the fundamental frequen-
cy and intensity data revealed that both RCLP and TDC followed 
normal distribution. The descriptive statistics of Fundamental 
frequency (F0 in Hz) and Intensity (Int in dB) is presented in 
Table 1. It was noted from Table 1 that the mean F0 ranged from 
290 Hz to 307 Hz in children with RCLP. However in the TDC 
group the F0 ranged from 260Hz to 237Hz. Also it can be noticed 
that the mean fundamental frequency was higher in 3-4 and 4-5 

year old children with RCLP than the corresponding TDC groups. 
On the other hand, the intensity range in both RCLP and TDC 
groups was limited. It can be noted that the while the 3-4 year 
old children with RCLP had higher intensity values the opposite 
was true in 4-5 year old groups.

Table 1: Mean, SD and Median across RCLP and TDC for Fundamen-
tal frequency (F0 in Hz) and Intensity (Int in dB).

Group Age N Mean SD Median

F0

RCLP

3-4 10 296.78 31.67 307.18

4-5 10 290.43 31.58 292.27

Total 20 293.60 30.95 300.09

TDC

3-4 10 263.56 22.40 260.66

4-5 10 273.27 42.58 266.30

Total 20 268.41 33.49 261.06

Int

RCLP

3-4 10 58.16 5.85 55.85

4-5 10 55.33 4.94 55.25

Total 20 56.74 5.47 55.78

TDC

3-4 10 54.41 4.29 52.79

4-5 10 56.18 4.62 55.97

Total 20 55.29 4.44 54.78

Perturbation Measurements Between Groups and 
Across Ages

Shapiro-Wilk Test of normality on the jitter% and shim-
mer% data revealed that both RCLP and TDC followed normal 
distribution the descriptive statistics of jitter% (jitta) and shim-
mer% (shim) has been tabulated in Table 2. 

Table 2: Mean, SD and Median across RCLP and TDC for Jitter% 
(jitta) and Shimmer% (shim).

Group Age N Mean SD Median

Jitt

RCLP

3-4 10 0.45 0.13 0.46

4-5 10 0.54 0.25 0.45

Total 20 0.50 0.20 0.45

TDC

3-4 10 0.38 0.05 0.37

4-5 10 0.40 0.19 0.39

Total 20 0.39 0.14 0.38

Shim

RCLP

3-4 10 9.09 5.17 7.79

4-5 10 10.28 4.25 10.35

Total 20 9.68 4.65 9.27

TDC

3-4 10 9.92 4.26 9.42

5-4 10 7.76 4.79 7.20

Total 20 8.84 4.55 9.40

It was noted from Table 2 that within the perturbation mea-
sures mean jitter % was higher in 3-4 and 4-5 year old children 
with RCLP than the respective TDC groups. The shimmer % was 
found to be higher in 4-5 year RCLP than TDC however, shimmer 
% was minimally higher in 3-4 year old TDC than in RCLP group. 

To identify whether there is any statistical difference 
between RCLP and TDC groups with respect to the four pa-
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rameters, two-way MANOVA was done. The test indicated that 
there is a significant difference between RCLP and TDC groups 
in all four parameters [F(4,33)=3.805, p<0.05] however there 
was no significant difference noted between the age groups 
[F(4,33)=0.514, p>0.05]. Further, there was no significant inte-
raction noted between groups and age [F(4,33)=0.560, p>0.05]. 
Subsequent ANOVA revealed presence of significant group effect 
in fundamental frequency alone [F(1,36) = 5.880, p< 0.05, effect 
size = 0.140] whereas other effects were not noted with respect 
to intensity and perturbation measures.

Discussion
The current study revealed that there is overall significant 

difference between the RCLP and TDC groups with respect to 
fundamental frequency, intensity and perturbation parame-
ters. Similar findings have been reported in previous studies 
[17,18]. Children with RCLP in the current study had persistent 
velopharyngeal dysfunction. This could have promoted them 
to adopt compensatory laryngeal function. Compensatory la-
ryngeal function would have initiated active vocal resistance 
leading to hyperfunctional use of voice which in turn resulted 
in poor voice characteristics [28,20]. The fundamental frequen-
cy of RCLP was significantly higher compared to TDC group. 
Contradictory findings have been reported by previous studies 
[29]. Persistent VPD in children with RCLP in the current study 
could have created an imbalance in the vocal tract valve actions 
[14,30]. Specifically there would be an increase effort in the la-
ryngeal valve muscles [6]. This could have led to increase in the 
stiffness of vocal folds, consequently increasing the fundamental 
frequency.

 Intensity values were not found to be statistically different 
between RCLP and TDC group overall. However intensity value 
was found to be higher in 3-4 year old children with RCLP com-
pared to TDC. Findings of the current study does not support 
the previous findings [31-33]. The children in RCLP group of the 
current study would have adopted the use increased loudness to 
be make their speech more intelligible and acceptable to their 
listeners. Also language and culture might have had an effect on 
the use of loudness by children with RCLP. The jitter and shim-
mer values were not found to be significantly different between 
RCLP and TDC groups. However it was observed that children 
with RCLP had higher perturbation values compared to TDC 
groups. Previous study has also reported similar values in their 
investigation however the age group considered in their study 
varied form the current study [20]. The perturbation parameters 
are dependent on the neuromuscular activity and aerodynamic 
events at the level of glottis. They are also directly related to the 
severity of VPD [28]. As the children with RCLP of the current 
study had varying degree of cleft, the velopharyngeal function 
post-surgery would also have varied greatly. Thus, resulting in 
greater perturbation values in children with RCLP. 

Conclusion
 The current study revealed the presence of difference in 

fundamental frequency between RCLP and TDC group. The same 

was not true with respect to intensity, jitter and shimmer. It can 
be speculated that early closure of cleft could have resulted in 
such a finding. However, the perturbation values were found to 
be higher in children with RCLP probably due to the persistent 
VPD. If the children with RCLP had attended speech therapy 
post-surgery, the velopharyngeal closure might have improved, 
which might have had a positive influence on the perturbation 
measures.
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