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Background: It is difficult to determine the effect of hearing loss pathologic factors on the vocal features rather than other parts of speech, 
due to the complication of nature of voice, its vast range of changes, and lack of necessary standards and criteria.
Objectives: The current study aimed to evaluate the effect of hearing loss on acoustic properties of voice through acoustic analysis of 
some vocal parameters in two groups of children with moderately severe or deep hearing loss, and normal children of the same age and 
gender.
Patients and Methods: The current study was a comparative cross-sectional descriptive analysis of primary school students with severe 
to deep hearing loss disorder (n = 17) and normal students (n = 17) of the same age and gender. Data were collected using Speech Studio 
software and Laryngograph apparatus. To compare parameters between the two groups T-test (P < 0.05) was performed.
Results: The mean of fundamental frequency for the hearing loss children and the control group were 323.04 Hz and 267.53 Hz, jitter 
10.05% and 1.52%, shimmer 17.24 and 5.07, silence duration 29.40% and 17.02%, friction duration 17.55% and 34.52% and vocalization duration 
14.71% and 28.65%, and vocal cords contact quality index 39.93% and 47.77%, respectively.
Conclusions: Significant difference in the fundamental frequency, jitter, shimmer, silence duration, friction duration, vocalization 
duration, and vocal cords contact quality index between the two groups was observed (P < 0.01).
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1. Background
Normal voice has proper quality, pitch, loudness, and 

flexibility (1). Hearing loss is an important factor which af-
fects the aforementioned parameters, makes them out of 
normal, and causes voice disorders (2). Phonation Moni-
toring is through three sources: 1. kinesthetic feedback, 2. 
tactile feedback, and 3. auditory feedback. Auditory feed-
back is constantly controlling the coarse speech features 
such as: pitch, quality and intensity, and also breathiness 
voice (2-8). Against possessing the healthy biological fea-
tures to produce voice (respiratory system, laryngeal cav-
ity, speech production and resonator organs) hearing loss 
people have problems with vocalization and speech pro-
duction (9-13). The result of auditory feedback deprivation 
is that the patient cannot control his vocal performance 
automatically which results in vocalization disorders and 
lack of voice quality; in a way that patients with such dis-
orders usually have breathy, rough, weak, unvoiced, and 
strident voice which lacks melody and dynamics (1, 12-18). 
Hence, these people usually use their kinesthetic feed-
back to increase their vocal sense or sustain their ideal 
speech products. Using kinesthetic feedback causes more 
tension, and increases muscular and vocal pressure (3, 9, 
10, 19). Disability in sustaining fine and stable tension in 

vocal cords causes these people not to be able to produce 
more than one tone and adapt their voice with different 
frequencies and dynamics, or change it constantly and 
continuously (20). Studies on the effects of hearing loss 
on voice, with emphasis on specific vocal features in dif-
ferent age groups, started in the recent decades (3, 6-8, 
10-17, 19-32), and to analyze vocal features different data 
collection tools were applied. Also, some studies evaluat-
ed the speech and vocal features in people who have done 
cochlear implant, before and after the surgery.

Matrony studied 22 children with moderately severe 
hearing loss and measured their fundamental frequency 
in monosyllabic words through analytical- conceptive 
method. He showed that variations. Giusti et al. com-
pared variability of f0 and fundamental frequency in 
children with sensorineural hearing loss (from intense 
to deep) and normal children using Dr. Speech software. 
They reported that the fundamental frequency and its 
variability were higher in children with hearing loss than 
normal children (16). In a descriptive analytical survey, 
Girgin studied speech samples of 35 high school Turkish 
girls with congenital in average fundamental frequency 
level and within its band range are either very high or 
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very low (21). Stratton evaluated sentence intonation in 
12 children with severe to deep hearing loss disorders 
through analytical-conceptive method. He found that 
they cannot increase their control over the fundamental 
frequency to stress and sustain fundamental frequency 
increases in the end of the interrogative sentences (22). 
Monsen et al. also reported that some patients with hear-
ing impaired have periods with allophone, voice failure 
and symptoms of irregularity in fundamental frequency 
and voice intensity; and they have no control over the 
tension of vocal cords and the pressure under glottis (23).

sensorineural hearing loss. He showed that the pitch 
range in these patients was more limited and their pitch 
level was higher than those of their normal classmates 
(27). Leiska who evaluated the voice of 35 patients with 
profound congenital hearing loss by VFMs reported that 
their fundamental frequency was higher than those of 
their normal peers (3). Hocevar-Boltezar et al. longitudi-
nally evaluated vocal features of two groups of children 
with pre-lingual hearing loss who did cochlear implant 
before and after age of four, before and 6, 12, and 24 
months after the surgery using Multi Dimension Voice 
Program and Key Elemetric USA method. They showed 
that children who did the surgery before the age of four, 
six months after surgery experienced jitter and shim-
mer reduction and also showed NHR reduction within 
12 months after surgery, while their f0 increased. On the 
other hand, in children who did cochlear implant after 
the age of four, f0, and jitter and shimmer reduced within 
six months and 12 months after surgery respectively, and 
no change in NHR was observed (29).

Bolfan-Stosic et al. evaluated jitter, shimmer and NHR 
of children with slight upward hearing loss using high 
– quality sound level meter, Brucl&Kjaer real-time. They 
reported that jitter and shimmer in hearing loss chil-
dren were significantly higher and their NHR was lower 
than those of the normal children (28). In the study of 
Kent and Ball cited by Cowei vocal features of a child 
with congenital deep hearing loss were evaluated using 
electro-laryngograph apparatus. Based on their study, 
the friction and vocalization durations in the child were 
significantly lower than those of a normal child and the 
vocal cords contact quality index was out of range in 
comparison with that of a normal child (32). Dehqan et al. 
evaluated the speech samples of boys with deep hearing 
loss using Dr. Speech software. The mean of f0, jitter, and 
shimmer in these patients was higher, and their HNR was 
lower than those of the normal boys (33). Since language, 
culture , and accent of each region affect the acoustic 
features, and also considering the point that there were 
insufficient data regarding the effects of hearing loss on 
the voice of the patients speaking the Persian language, 
the current study aimed to evaluate the effects of hearing 
loss on children`s voice through acoustic analysis of vo-
cal parameters in two groups of hearing loss and normal 
children with the mean age of 10.58 years and the same 
gender by Laryngograph apparatus and Speech Studio 

software. Results of the current study also provided infor-
mation about the effect of hearing on the voice of people.

2. Objectives
The obtained results can provide viewpoints regarding 

the strategies of therapeutic programs and their evalua-
tion in the speech therapy of these children.

3. Patients and Methods
The current study was a comparative cross-sectional de-

scriptive analysis performed on 17 children with two-sid-
ed sensorineural hearing loss with the mean age of 10.6 
years (12.6 to 7.4 years) and moderately severe hearing 
loss (61-75 DB) to deep hearing loss (+ 96 DB) with hearing 
loss background before language learning age using the 
available sampling method. Subjects were selected from 
Semnan School for the Deaf and 17 children of the same 
age and gender were also selected by random selection 
method from public schools of Semnan city, Iran as the 
control group (mean age of 10.2 years, 7.1 to 12). Exclu-
sion criteria were syndromes, neuromuscular disorders 
(dysarthria), visual impairments (except for refractive er-
rors) and mental retardation. Level of education for the 
children with hearing loss and normal children were pri-
mary school and primary/guidance school, respectively. 
Regarding the gender, there were eight boys and nine 
girls in each group.

3.1. Data Collection Tool
To collect data for the current study, questionnaires, 

Speech Studio software and Laryngograph apparatus were 
used. Questionnaires were designed for the two groups, 
normal children and children with hearing loss, separately.

1) Questionnaire for the children with hearing loss con-
tained two parts. The first part included demographic 
data such as: age, gender, duration of hearing loss onset, 
duration of using hearing aids, and level of hearing loss. 
And the second part included exclusion criteria such as 
syndromes, dysarthria, visual impairments (except for 
refractive errors) and mental retardation. Based on the 
students’ records, if a student had one of these items he 
was excluded from the survey.

2) Questionnaire for normal children also contained 
two parts. The first part included demographic data such 
as: age and gender. The second part was the same as that 
of the first questionnaire.

Subjects were referred to the clinical laboratory of the 
Speech Therapy Clinic. Electrodes of Laryngograph ap-
paratus were attached on thyroid joints of the children 
and microphone was adjusted 10 cm from the mouth 
of the subjects. Tests were performed in a soundproof 
room, and for the children with hearing loss the hearing 
aid was removed before the test. Subjects were requested 
to produce the sound/a/ for 10 seconds, and since some 
of them could not count more than 10 were requested to 
count from one to ten twice.
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Table 1.  Voice Features of Children With Hearing Loss and 
Those of Their Normal Peers (n = 17) a

Variables Normal Hearing loss P Value

Fundamental 
frequency

267.53 ± 33.79 323.04 ± 50.77 0.001

Shimmer 5.07 ± 15.53 17.24 ± 9.02 0.01

Jitter, % 1.52 ± 0.96 10.05 ± 8.34 0.001

Silence duration, % 17.02 ± 3.26 29.04 ± 5.92 < 0.001

Friction duration, % 34.52 ± 4.35 17.55 ± 4.66 < 0.001

Vocalization 
duration, %

28.65 ± 3.5 14.71 ± 4.58 < 0.001

vocal cords contact 
quality index, %

47.77 ± 7.89 39.93 ± 9.58 0.014

a  Data are presented as mean ± SD.

Before recording the voice sample, subjects practiced 
producing the sound or the counting task at least three 
times to prevent any mistakes during recording. Also, 
since vocalization initiation is associated with some ir-
regularities in vibration of vocal cords, the first three 
seconds of the recordings were ignored. The samples re-
corded from both groups were analyzed by the aforemen-
tioned tools, and the data collected from fundamental 
frequency, frequency turbulence, voice intensity, silence 
duration, friction duration, vocalization duration, and 
vocal cords contact quality index were analyzed using 
SPSS v. 11.5. To evaluate normality of data, Kolmogorov-
Smirnov test was performed, and to compare the mean 
data of each parameter between the groups, T-student 
test was used, at the significance level of 5%.

4. Results
Results of the current study showed significant difference 

in the mean of fundamental frequency, jitter, and voice in-
tensity, silence duration, friction duration, vocalization du-
ration, and vocal cords contact quality index between both 
groups (P < 0.05); in a way that the mean of fundamental 
frequency, jitter and loudness and also silence duration of 
children with hearing loss was more than those of normal 
children, and vocalization duration, and vocal cords con-
tact quality index of children with hearing loss was lower 
than those of the normal children (Table 1).

5. Discussion
Based on the results of the current study, the mean of 

fundamental frequency of children with hearing loss was 
significantly higher than that of their peers (P = 0.0001). 
These results were compatible with those of Dehqan and 
Giusti who used Dr. Speech software (16, 32), Leiska who 
used VFMs apparatus (3), and Girgin et al. who performed 
conceptual analysis (27). Also, the results of the current 
study were similar to those of Megan et al. on adults with 
hearing loss before cochlear implant, using CSL, and Na-
someter (30), but were incompatible with those of Weath-

erley et al. who studied the elderly with hearing loss (25). 
High fundamental frequency in people with hearing loss 
may result from high pressure under the glottis; to con-
trol and measure the voice, these people try to increase 
their vocal sense (7). Regarding the incompatibility of the 
current results with those of Weatherley et al. based on 
the findings of Waldstein, incidence of hearing loss after 
learning the language has negligible or no effect on the 
speech, since speech skills have been developed com-
pletely and production mechanisms have been automa-
tized; therefore, there is no need for auditory feedback 
(8). Maegan, Dophi, Cocker, Sergint and Ross also believed 
that the acquired hearing loss in adults usually does not 
affect their speech and probably increases their loudness 
(30, 34).

Also, the mean of jitter and shimmer in the children 
with hearing loss were 10.05 and 17.24 respectively which 
were significantly higher (P < 0.01) in comparison with 
the results of the control group (1.52 and 5.07 respective-
ly). Results of the other studies also confirm those of the 
current study (6-8, 31, 33). Increase in jitter and shimmer 
may result from low control over respiratory protection 
and the nerves of laryngeal muscles of people with hear-
ing loss which cause large outflow of air from glottis and 
irregular vibration of the vocal cords (28, 35-37).

Silence duration, friction, vocalization, and vocal 
cords contact quality index were studied in the current 
study and the results showed that silence duration in 
children with hearing loss was longer than that of their 
normal peers (29.4% compared to 17.02%), (P < 0.001); 
but friction and vocalization durations and vocal cords 
contact quality index in children with hearing loss were 
lower than those of their normal peers (17.55%, 14.71% 
and 39.93% compared to 34.52%, 28.65% and 47.77%), (P < 
0.001) which is compatible with the results of Kent and 
Ball cited by Kent et al. (32).

Vocal cords contact quality index is an index to deter-
mine the quality of voice. In people with hearing dam-
age, disorders in the quality of voice and scrambled voice 
may result from tonus and stiffness in breathing, vocal-
ization, and speech products procedures, due to failure 
in feedback mechanisms, to control the voice and speech 
which results in vocal features damage. It may cause 
Breathiness voice which is diagnosed by breathy voice 
associated with noise and results in HNR reduction (28, 
38-40). In the current study, mean fundamental frequen-
cy, jitter, shimmer, and silence duration of children with 
hearing loss were higher than those of normal children; 
and in contrast, vocal cords contact quality index, fric-
tion and vocalization durations in children with hearing 
loss were lower than those of their normal peers and the 
difference was significant (P < 0.0001). Since the current 
study was conducted on a small population of children 
with moderately severe or deep hearing loss it cannot be 
generalized to the total community understudy; there-
fore, it can be a topic for further studies and to obtain 
more generalized results, separation of different ranges 
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of hearing loss in different age ranges is recommended; 
these results can be applied in further therapeutic pro-
grams and provide proper feedback during treatment 
and also help in the production of new hearing aids.
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