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The aim of this acoustic study is to analyse the phoneme [t
˙
] produced by school children surgically operated

on for the cleft palate or cleft lip, in order to examine their vocal characteristics, to provide speech therapists
with numerous concrete analyses of voice and speech, to effectively support them and to prevent some serious
outcomes on their psychological and academic development. The motivation for this study was mainly stemming
from the difficulties that Algerian schoolchildren with clefts encounter in the pronunciation of this phoneme.
To carry out the study, several acoustic parameters were investigated in terms of the fundamental frequency
F0, the first three formants F1, F2, and F3, the energy E0, the Voice Onset Time (VOT), the durations [CV]
and [V] of the subsequent vowel [a]. For the analysis, further important parameters in the field of pathological
speech were deployed, namely the degree of disturbance of F0 (jitter), the degree of disturbance of intensity
(shimmer) and the HNR (Harmonics to Noise Ratio). Results revealed disturbance in the values of F1, F2, and
F3 and stability in the values of F0. Another important reported aspect is the increase in the value of the VOT
due to the difficulties in controlling the plosives’ successive closure and release.
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1. Introduction

The present paper tackles the acoustic and articu-
latory analysis of a pathological disorder of the phona-
tory system, particularly facial cleft which affects large
proportions of people worldwide.

Facial clefts are frequent defects, affecting one child
per thousand in Europe. This frequency varies across
ethnicities (3.6/1000 for American Indians against
0.3/1000 for African Americans), geographic origins,
socio-economic level of parents and sex (cleft lip affects
boys significantly, while cleft palates are more common
among girls) (Andreu, 2013).

The cleft lip, associated or not with a cleft palate, is
twice as frequent in boys, and division of the palate
is twice as frequent in girls. The prevalence is global-

ly twice as frequent among Asians and two times less
among Africans than in the European population
(Sante Publique France, 2019).

This study is significant since it enables to obtain
concrete data that can support patient care, more no-
tably children who are challenged at school and require
early support to preclude school failures.

Nowadays, it is recognized that speech-language
pathologists perceive the extensive need for visualiz-
ing speech in order to correlate objective and con-
crete data with auditory analysis, which is often char-
acterized by subjectivity. Besides, the visualization of
speech utility is accentuated by the rapid development
of new computer technologies and the incrementing
number of speech analysis software on the internet.
Affording means for retrieving relevant acoustic pa-
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rameters, computer-aided analysis allows researchers
to obtain detailed accounts about the nature and de-
gree of speech disorders.

To carry out this work, a corpus of 261 audio files
was recorded in a hospital environment; the hospital
of Beni Messous-Algiers; contained pathological cases,
which were subsequently compared with their healthy
counterparts, taken as a group norm. In this con-
cern, several acoustico-articulatory parameters were
extracted in order to characterize the cleft palate.

Although previous studies conducted in Algerian
hospitals embarked acoustic analysis to assess patho-
logical speech, they did not consider the study of cleft
palates (Ferrat, Guerti, 2012; Fezari et al., 2014;
Kadi et al., 2013).

1.1. State of the art

There have been numerous researches carried out
in the study of speech production by subjects carry-
ing palatal divisions; the following is an account of re-
searches in that area.

V. Veau, a distinguished surgeon, was the first to
write numerous books on the fissure palate and hare-
lip. Accordingly, drawing upon the cineradiographic
method, G. Kieffer conducted a particularly fascinat-
ing study on the articulation of the consonants of
French in two pathological subjects (one presented
cleft palate) compared with two healthy speakers. He
noted articulatory changes (type and location of joint),
the time of stops incompliant to the standard, and
differences in mode (occlusions in the constrictors).
Whilst, Borel-Maisonny, who defined the terminology
of cleft, presented X-ray films on which variations in
the position of the tongue inside the oral cavity were
visible and of paramount importance. Then, many au-
thors have attempted to describe the communication
deficits of children (and adults) with cleft palate. Ac-
cordingly, they identify articulatory errors, such as de-
fects resulted from reduced sensation related to the
operation of the palate, velopharyngeal insufficien-
cies, and the remaining anomalies of the hard palate
(Béchet, 2011).

Nowadays, other works that are worth mentioning,
have analysed the voice and speech of patients with
cleft palate, using many techniques including spectral
analysis, disturbance analysis and formant analysis.

Villafuerte-Gonzalez et al. (2015), as well as
Aydınlı et al. (2016) found out that the fundamental
frequency, the jitter and the shimmer, are significantly
different in patients with a repaired cleft palate, com-
pared to normal children without speech, language and
voice troubles. In addition, Yang et al. (2018) revealed
in their study that there was no significant difference
between the control group and the pathological group
in the low frequency region (boys: 0–2720 Hz; girls:
0–2240 Hz). Their deployment of Long-Term Average

Spectra (LTAS) measurements demonstrated a consid-
erable difference between the control group and the
clinical group in the mid-frequency region (boys: 2720–
4000 Hz; girls: 2240–4000 Hz). Moreover, Segura-
Hernández et al. (2019) reported that there is no
significant difference in the value of the mean funda-
mental frequency (F0) between the control group and
the clinical group. After the surgical intervention, jit-
ter and shimmer did not demonstrate any difference
across the groups. Whereas, Attuluri et al. (2017)
found an increase in jitter and shimmer measurements
and reduced HNR (Harmonics to Noise Ratio) mea-
surements in children with cleft palate compared to
normal children. Likewise, Zajac and Linville (1989)
and Lewis et al. (1993) reported in their studies that
speakers with cleft palate indicated greater frequency
troubles (jitter) than in the control group.

1.2. What is Cleft Palate (CP)?

Cleft Palate (CP) is a pathology of the phona-
tory system that concerns the incomplete closure of
the palate (an absence of substance in the roof of the
mouth), leading to communication between the inte-
rior of the mouth (oral cavity) and the interior of the
nose (nasal cavity) as shown in Fig. 1.

Fig. 1. Case of cleft palate (own material).

CP occurs at the very beginning of pregnancy; from
the 5th to the 7th week of intrauterine life, and results
from the absence or insufficient fusion of the different
facial buds (Devisse et al., 2012). Indeed, during the
formation of the face, small masses of tissue head to-
ward the nose and mouth area and get together to form
the upper lip, nose and palate. If the tissues’ forgath-
ering delays, they run the risk of not being welded re-
sulting, in turn, in diverse forms of more or less marked
clefts: labial, labio-alveolar, palato-velar, unilateral or
bilateral, complete or incomplete.

CP can be both extensive and long in great or slight
degrees (Fig. 2). It can involve the nasal sill, the upper
lip, the alveolar ridge, the palatal vault and the velum.
Everything takes place as if the palate is closing like
a zipper and can get stuck at any point between the
retro-incisor papilla which marks the front of the se-
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a) b) c)

Fig. 2. Simple cleft palate (own material): a) division of
the uvula, b) total veil division, c) division of the veil and

the palatal vault.

condary palate and the back of the uvula. For some
children, this cleft may cover only a portion of the up-
per palate’s back. For other children, it may be a com-
plete separation, from the back to the front part of
the oral cavity, also affecting all of the palate down
to the uvula.

The causes of CP are not clearly established, yet
heredity and genetics could be crucial factors since the
risk is higher in families with a history of CP. Some
other factors such as smoking, heavy drinking, and
taking certain medications in early pregnancy also ap-
pear to increase the risk of a CP. For some children
with cleft palate, the fundamental mechanism of ve-
lar incompetence is mainly confined to the anatomical
changes in the muscles of the veil due to the cleft.

Resorting to surgery between 9 and 18 months is
indispensable to mend a CP (depending on the surgical
techniques), so that the child will be predisposed to
accept the operation, so as not to slow down the growth
of the jaw, to allow the child to acquire the correct
language at hand and to reduce nasal regurgitation
(Fig. 3). In the absence of intervention, a prosthesis can
account for the development of an intelligible language.

a)

b)

Fig. 3. Surgery of the cleft palate (Saboye, 2021):
a) before surgery, b) after surgery.

The objective of the velopalatal division surgery
is to restore the palate’s anatomy and function; the
surgery is meant to close up the opening between
the palate and the nasal cavity. Besides this, the in-

tervention aims to reconstruct the palate, to join the
muscles, and to develop a palate of sufficient length for
the child to effectively speak and eat.

Even with an early surgical intervention, the ma-
jority of children with cleft palate exhibit common er-
rors and have a speech typical to cleft palate (Ghafari
et al., 2015).

2. Standard Arabic phonemes

Standard Arabic consists of 34 sounds, divided into
28 consonants and six vowels (three short [a, i, u] and
three long [ā, ı̄, ū]).

The peculiarity of the Arabic language is the pres-
ence of the rear glottal phonemes [’] and [h], pha-
ryngeal [h

˙
] and [‘], velar [q], affricate [ǧ], and em-

phatic phonemes [t
˙
], [d

¯̇
], [s

˙
], and [d

¯
] (the IPA symbols

have been deployed to transcribe the specific Arabic
phonemes).

When performing emphatic consonants, the tongue
does not cover or overlap the palate, yet it bends and
curves to form a hollow in which the voice is pressed
(Hadj-Salah, 1979).

At the articulatory level, emphatic phonemes are
manifested in the pronunciation through shrinking the
pharyngeal cavity and hollowing out the tongue with
backward movement of its root, which increases the
volume of the oral cavity.

Within the framework of our work, we mainly ex-
plored the pronunciation of the emphatic phoneme [t

˙
].

This phoneme is classified as non-aspirating and un-
voiced emphatic alveo-dental plosive. Its articulation
is due to an oral phenomenon which consists of a post-
ponement of the root of the tongue causing pharyn-
geal constriction and a lowering and hollowing of the
back of the tongue thus creating an increase in the vo-
lume of the oral cavity. In the acoustic domain, the
emphatic phoneme [t

˙
] appears on the spectrogram as

an explosion bar of relative duration 20–30 ms, longer
with long vowels and which is a very brief acoustic
event, relatively energetic, in the form of a vertical bar
preceded by a period of silence. It is often followed
by a very short release of energy, just before a vowel.
With [a] and [ā], the concentration is in the region of
F1–F2 between 1500–2400 Hz. In front of [t

˙
], the F2

of [a] is around 1150–1250 Hz and that of [ā] is at
1050–1150 Hz, which significantly differentiates the [a]
from the [ā]. The [a] and [ā] have an F1 forming around
650 Hz (Djoudi, 1991).

3. An acoustic analysis
of pathological speech (PS)

Cleft Lip and Palate (CLP) affects resonance, voice,
and speech. Besides, the most frequently reported res-
onance and speech disorders have been demonstrated
in several reports which have also tackled the acous-
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tic abnormalities in the voice of patients with CLP
(Segura-Hernández et al., 2019).

Acoustic speech analysis is becoming increasingly
useful in the diagnosis of voice disorders or laryn-
gological pathologies (Teixeira, Fernandes, 2015).
The objective of this acoustic analysis is to extract the
acoustic parameters which will allow us to compare
the recordings of pathological cases with normal cases
and to identify the acoustic and articulatory charac-
teristics which characterize facial clefts.

Our acoustic analysis revolves around two groups
of schoolchildren with facial clefts: the first concerns
speakers undergoing speech therapy and the second
concerns speakers with facial clefts who have been de-
signated by speech therapists as already being taken
in charge in the speech therapy service and have com-
pleted their rehabilitation. The main objective of this
analysis is the physico-acoustic characterization of
this type of PS, allowing a better knowledge of the rele-
vant parameters of discrimination of this type of PS.

This analysis was carried out using Praat software
(Boersma, Weenink, 2012). The acoustic signal was
segmented manually using this software, according to
the shape of the signal and the corresponding spec-
trogram. The audio files were exploited to retrieve the
following acoustic parameters: VOT, [CV], [V], F0, F1,
F2, F3, E0, jitter, shimmer, and HNR.

3.1. The recording conditions

The present work was carried out in collaboration
with the Infantile Surgery Service at Beni-Messous hos-
pital in Algiers, in which the acoustic recordings of
children with different facial clefts took place.

In this study, access constraints to patients were
noted. That is, recordings could only be possible pro-
ceeding at least a month from the surgery. Those
recordings took place in the speech therapists’ consul-
tation room, once the children and their parents had
consented. Those children went early in the morning
to see three different doctors (The surgeon, ORL spe-
cialists and the speech therapist).

The recordings of the control speakers were per-
formed under two conditions; first, pupils aged be-
tween 5 to 11, from “November, 1st, 1954 School” in
Hammamet-Algiers, were recorded in a small quiet
room. This would not be possible without permissions
of the administration of the establishment and the chil-
dren’s parents. Second, other speakers of different ages
(children were accompanied by their parents), were
recorded in a quiet room at the University of Algiers 2
while respecting the same recording conditions.

3.2. Used material

For good quality recordings, that are reliable
and free of parasitic oscillation, TASCAM DR-05,

a portable recorder, was utilized to record audio
sequences in .wav format of 16 bits with sampling fre-
quency of 44100 KHz.

3.3. The selected Corpus

Owing to their cleft palate, pathological speakers
suffer from velar insufficiency which leads them to
hardly utter certain sounds, more specifically, the oc-
clusives. Indeed, cleft palate prevents these pathologi-
cal speakers from reaching the oral pressure necessary
for the production of those sounds. In this category
of sounds, the research’s scope was narrowed to the
emphatic phoneme [t

˙
] during and after speech thera-

py. It may be plausible to recall that subjects with
cleft palate deploy various compensatory joints; each of
which would embrace articulatory strategies adapted
to their anatomy.

The study’s corpus consists of six words contain-
ing the emphatic phoneme [t

˙
] in words beginnings, fol-

lowed by the short vowel [a] and the long vowel [ā]
(Table 1).

Table 1. The used corpus.

The phoneme [t
˙
]

followed by the SV [a]
The phoneme [t

˙
]

followed by the LV [ā]
[t
˙
ab̄ıba] ( ) [t

˙
āwila] ( )

[t
˙
ar̄ıq] ( ) [t

˙
ā’ira] ( )

[t
˙
amāt

˙
im] ( ) [t

˙
āwūs] ( )

Each word of the corpus was repeated at least three
times by each speaker during the recording.

3.4. Speakers

The participants were divided into a clinical group
of seventeen (17) schoolchildren with cleft (pathologi-
cal speakers, Ps) and a control group of twenty seven
(27) schoolchildren (control speakers, Cs).

Pathological speakers (Ps) were selected by speech
therapists on the basis of their progress in rehabilita-
tion. These Ps are divided according to their type of
facial cleft into two groups: eleven (11) speakers un-
dergoing speech therapy and six (6) having completed
their speech therapy (Table 2).

Control speakers (Cs) were healthy speakers, with
unknown history of their speech production or percep-
tion disorder. In addition, the Cs were selected for their
good speech production.

The classification of clefts that we have adopted
here, is that of V. Veau (Fezari et al., 2014), whereby
three types of cleft palate were examined: clefts of the
soft and hard palate, up to the incisive foramen (7 Ps),
clefts of the soft and hard palate extend unilaterally
through alveolus (3 Ps), and clefts of the soft and hard
palate extend bilaterally through alveolus (7 Ps), (Ta-
ble 2, Fig. 4).
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Table 2. All pathological speakers according to the type of facial cleft selected for the different experiments of this study.

Classification of the facial cleft∗ Ps Sex Age Exact pathology Re-education∗∗

Type 2

Younes M 5

Complete cleft palate

−

Malak F 5 −

Lala F 6 −

Lamia F 8 −

Rania F 10 +

Manel F 10 −

Ouda F 13 +

Type 3
Abderahmen M 5

Left unilateral
cleft lip and palate

−

Ilyes M 10 −

Iyad M 12 −

Type 4

Ibrahim M 6

Bilateral cleft lip
and palate

+

Assia F 8 −

Houda F 9 −

Azedine M 9 −

Safa F 10 +

Radia F 11 −

Racha F 11 +

∗ Classification of the facial cleft: type 2 – clefts of the soft and hard palate, up to the incisive foramen, type 3 –
clefts of the soft and hard palate extending unilaterally through alveolus, type 4 – clefts of the soft and hard palate
extending bilaterally through alveolus.
∗∗ Re-education in progress (−), re-education completed (+).

a) b) c)

Fig. 4. The three different types facial clefts studied:
a) type 2, b) type 3, c) type 4 (Source: Author: Felsir,

en.wikipedia to Commons (Public Domain);
https://commons.wikimedia.org/wiki/File:Cleftpalate1.png
https://commons.wikimedia.org/wiki/File:Cleftpalate2.png
https://commons.wikimedia.org/wiki/File:Cleftpalate3.png).

3.5. The extraction of acoustic parameters

The recorded sound files were manually segmented
using Praat analysis tool (Boersma, Weenink,
2012). These files are used for the extraction of acoustic
parameters. The corpus of audio recordings was then
divided into two sub-corpuses (Table 3):

• The first consists of words containing the em-
phatic phoneme [t

˙
] followed by the short vowel [a],

comprising 358 sound files;

Table 3. Number of sound files recorded in pathological speech (PS) and normal speech (NS).

Vowel type
PS – cleft type 2 PS – cleft type 3 PS – cleft type 4 NS

Speakers Sound files Speakers Sound files Speakers Sound files Speakers Sound files
LV 7 63 3 20 7 58 27 227
SV 7 51 3 24 7 54 26 229

• The second consists of words containing the em-
phatic phoneme [t

˙
] followed by the long vowel [ā]

including 368 sound files.

We have studied the acoustic parameters such as
the fundamental frequency F0 related to the vibration
of the vocal cords, the formants which make it possible
to characterize the influence that the sound undergoes
during its passage through the cavities of the speech
system, the duration of sounds to study air flow and
fluency of speech and energy (intensity). We also used
other important parameters in the field of PS, namely
the degree of disturbance of F0 (jitter), the degree of
disturbance of intensity (shimmer) and the HNR (Har-
monics to Noise Ratio). These three parameters are
usually measured on sustained vowels, and their values
above a certain threshold are considered to be related
to PS.

To study the duration, we measured for each se-
quence consonant–vowel [CV] the duration [CV], the
VOT (voice onset time) which is one of the main in-
dices for measuring occlusives and the duration [V]
of the vowel [a] which follows the emphatic conso-
nant [t

˙
].
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The VOT is one of the main indices of measuring
occlusives. According to D. Klatt, voice establishment
delay or VOT (voice onset time) is defined as the time
from the consonant relaxation until the appearance of
the stable formant structure of the subsequent vowel
(Fauth et al., 2014). The measure chosen goes from
the consonantal explosion to the beginning of the sta-
ble formative structure of the next vowel. For the ab-
solute duration of the vowel, it was quantified between
VVO (vocalic voiced onset) and VVT (vocalic voiced
termination), in other words, between the beginning
and the end of a clearly defined vowel structure, re-
spectively.

As part of our work, for each occurrence, follow-
ing the consonant [t

˙
], the duration [V] (ms) of the

vowel [a] was computed, taking as benchmarks the ap-

Table 4. Example of the acoustic analysis of recordings of a pathological speakers (cleft type 4).

Words VOT CV V E0 F0 F1 F2 F3 Jitter Shimmer HNR
t
˙
ā’ira 0.0049 0.5286 0.4633 58.21 267.35 1115 1657 1974 0.299 1.649 22.434
t
˙
ā’ira 0.0055 0.4862 0.3743 59.399 265.7 1214 1804 2334 0.315 2.978 20.251
t
˙
ā’ira 0.0049 0.3708 0.2764 59.741 262.07 1174 1775 2510 0.242 2.481 22.463
t
˙
āwūs 0.0082 0.53 0.4434 55.108 250.87 1070 1501 2504 0.374 2.185 20.783
t
˙
āwūs 0.0077 0.4653 0.4269 54.453 245.35 1149 1483 2701 0.411 2.213 20.220
t
˙
āwūs 0.0054 0.4858 0.3943 55.174 249.09 1182 1435 2480 0.327 2.013 22.188
t
˙
āwila 0.0114 0.5367 0.4785 59.526 268.05 1180 1651 2457 0.293 2.268 22.658
t
˙
āwila 0.0057 0.5386 0.5014 58.351 268.17 1175 1542 2461 0.267 1.766 23.696
t
˙
āwila 0.0057 0.4225 0.3756 58.354 278.54 1206 1671 2685 0.388 2.498 21.168

Table 5. Values of the acoustic parameters of the three facial cleft types of the Ps and the Ns.

Vowel type Acoustic
parameters

Cleft Type 2 Cleft Type 3 Cleft Type 4 NS
Average SD Average SD Average SD Average SD

VC

VOT 0.0155 0.0099 0.0169 0.0054 0.0166 0.006 0.0137 0.0085
CV 0.1543 0.0433 0.1447 0.0358 0.1717 0.056 0.1342 0.0338
V 0.0974 0.0354 0.0860 0.0354 0.1169 0.046 0.0898 0.0357
E0 55.3531 4.2244 55.3685 4.7321 56.0636 4.479 55.979 7.3468
F0 258.789 14.2585 276.267 29.9 255.18 19.300 265.881 53.279
F1 1056.333 167.393 930.622 183.964 842.238 130.240 895.921 155.370
F2 1706.92 250.691 1508.0 214.479 1425.047 106.361 1468.017 207.146
F3 3243.745 685.877 2985.911 898.329 3265.667 260.941 2960.655 703.883

VL

VOT 0.0213 0.0189 0.0148 0.0072 0.0200 0.0093 0.0132 0.0066
CV 0.2818 0.1112 0.2551 0.1172 0.3043 0.0756 0.2059 0.0600
V 0.1923 0.0867 0.1529 0.1228 0.2054 0.0717 0.1345 0.0512
E0 58.8334 5.2389 56.1939 4.1449 57.7983 7.8472 58.4208 7.535
F0 285.088 32.3302 279.819 30.109 239.735 47.397 279.042 48.594
F1 1042.825 139.562 977.706 143.560 883.1 158.568 949.409 136.445
F2 1592.444 160.157 1487.758 141.941 1315.4 211.037 1488.008 181.445
F3 3542.206 684.248 3126.931 752.698 3196.25 743.381 3361.409 431.292

jitter 0.4109 0.197 0.4554 0.284 0.934 0.676 0.524 0.487
shimmer 4.0463 1.621 4.0752 1.957 4.418 1.804 3.773 2.010
HNR 19.211 3.432 19.159 3.009 17.662 3.204 19.440 3.770

pearance and disappearance of a clearly determined
forming structure. For the voiceless occlusive [t

˙
], we

measured the duration of [CV] (ms) and VOT (ms),
which goes from the acoustic explosion, due to the re-
laxation, to the appearance of the clear formant struc-
ture of the subsequent vowel (Table 4).

The acoustic parameters studied for the Cs group
and the Ps group (distributed according to the three
types of clefts) the values obtained for each acoustic
parameter studied (Table 4) are presented in the form
of means ± standard deviation (Table 5).

In Table 5, we noticed that:
• the VOT is larger for the PS and significantly

larger for the LV;
• the times [CV] and [V] are very high for the PS;
• E0 is almost identical between PS and NS;
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• according to the literature, the values of F0 are
greater than 250 Hz and are almost identical be-
tween PS and NS;

• for the cleft type 2, the three formants F1, F2, and
F3 are very high regarding the norm for the two
types of vowels LV and SV;

• for the cleft type 4, the two formants F1 and F2

are lower compared to the NS for the two types of
vowels, while, F3 is plainly higher in the case of the
SV and the reverse in the case of the LV;

• for the type 3 cleft, we see a distinctly high F1,
a slight difference in F2 and F3 for the SV; for
the LV, the forming F2 is almost stable, and F3 is
lower compared to the NS;

• the shimmer is less than 3.81 for NS and is sig-
nificantly higher than the standard for the three
types of facial cleft;

• the jitter is clearly less than 1.04% except for
type 4 cleft, which represents the end value at the
threshold in the pathological reference of Praat;

• HNR is not significant for all three types of facial
cleft. It is slightly lower compared to normal cases.

4. Results and discussions

The analysis of the values of the acoustic parame-
ters used within the framework of our work reveals
some essential conclusions.

The values of formants F1, F2, and F3 are disturbed
compared to the standardized values. This can be clari-
fied from the volumes and shapes of the oral cavity
and the labio-dental cavity before and after surgery re-
ceiving quite significant changes when affected by cleft
palate.

However, the values of the fundamental frequency
F0 are practically stable and still within the norm as

Fig. 5. Absence of explosion in the realization of the word [t
˙
ā’ira] by a pathological speaker.

reported in the literature. This is accounted by the fact
that the vocal cords are not affected by cleft palates,
which are manifested at the level of the oral cavity and
the labio-dental cavity.

Relative to the difficulties of controlling occlusives
closure and subsequent release, the noise of the explo-
sion of the release of the occlusive influences the next
vowel, delaying the onset of a clear formant structure
and, thereby, expanding the duration of VOT.

As some studies demonstrate, the explosion of the
occlusive is not clear, and the constrictive correspon-
ding to the ideal occlusive at the articulatory level is
often carried out following this occlusive, bringing out
a long duration of the VOT (Béchet et al., 2012; Es-
hghi et al., 2017; Gibbon et al., 2004) (Fig. 5).

The fundamental frequency F0 (Segura-Hernán-
dez et al., 2019; Yang et al., 2018), the energy E0

(Yang et al., 2018) and the HNR (Attuluri et al.,
2017) have been shown to be numerically stable when
pronouncing the emphatic consonant [t

˙
].

Formants F1 and F2 were significantly higher in
children with facial cleft type 2 than in children with
facial cleft type 3 and 4.

The formant F3 was significantly high regardless of
the cleft type (Yang et al., 2018).

The Jitter values are lower than the reference value
(1.04% of Praat) (Segura-Hernández et al., 2019).

The shimmer was significantly high regardless
of the type of cleft (3.81% Praat reference thresh-
old) (Attuluri et al., 2017; Aydınlı et al., 2016;
Villafuerte-Gonzalez et al., 2015).

Another interesting aspect observed in the study is
the increment in the value of VOT among pathologic
speakers with the three types of cleft due to the diffi-
culties in controlling the closure of the occlusives and
the subsequent relaxation. Indeed, prolonged segments
may be due to an active strategy to increment oral air
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pressure and/or improve the perceptual accuracy of
speech segments (Eshghi et al., 2017).

The difficulties in closure control were also reflected
in the durations of [CV] and of the following vowel [V],
notably for facial cleft type 2 and 4.

Nasal loss persists and is significant regardless of
the type of cleft; nasal breath becomes audible and
more or less masks speech.

5. Conclusion

This study evaluated the main vocal character-
istics in school children with cleft palate. The ob-
tained results demonstrate the presence of various dis-
orders in those children with clefts in the articula-
tion of the phoneme [t

˙
] such as the disturbances at

the level of the formants and the prolongation of the
durations of the phonemes compared to their healthy
counterparts. Rehabilitation taking these hazards into
account will allow better care for patients, especially
children at school.

We have come to the conclusion that patholog-
ical speech becomes more intelligible after rehabili-
tation. A significant improvement was identified in
the placement of the tongue during the production
of the phoneme [t

˙
] as the motor speech system was

able to adapt to the change in the peripheral structure
(transformation of the operated area), and the speak-
ers adopted various compensatory strategies, but the
adaptability is specific to each subject. This, in turn,
yields various reactions from the speakers.

We also observed a failure of the articulatory tar-
get of the emphatic Arabic consonant [t

˙
] in children

with facial cleft who have completed their rehabilita-
tion, and each one of them establishes a proper target
according to the nature of the reconstruction of the
palate, which would, therefore, correspond to an indi-
vidualistic strategy.

The results of this acoustic analysis were satisfac-
tory and proved that the acoustic analysis is a reliable
method for the evaluation of rehabilitation in patients
with cleft lip and palate and thus enables speech thera-
pists to obtain valuable advice to effectively help their
patients manage the joint structures in their speech
production.
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