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Abstract

Background Hearing loss is known to impact multiple aspects of a child's development, including communication,
social interaction, and overall well-being. Among these, oral hygiene represents a critical yet often overlooked
component. Given that oral health is closely linked to overall wellness and socio-emotional well-being, and especially
when maintaining optimal oral health, it is essential to investigate the specific challenges encountered by children
with hearing impairment, particularly those using cochlear implants (Cls), This study aimed to investigate differences
in oral hygiene and dental health between cochlear-implanted (Cl) and normal-hearing (NH) children.

Method Forty Cls (25 girls, 15 boys) and 44 NH children (22 girls, 22 boys) between the ages of 6 and 13 years who
had no neurological or developmental problems participated in this cross-sectional study. The Decayed, Missing,
Filled, Total (DMFT/dmft) index and the simplified oral hygiene index (OHI-S) were used to evaluate oral-dental health,
and a survey about parental education levels and the demographic characteristics of the participants was conducted.
Statistical analyses were performed using IBM SPSS Statistics 29.0.0.0 and Open Epi Program. The normality of the
data distribution was assessed with the Kolmogorov-Smirnov test. Non-parametric tests were used for non-normally
distributed data, and the Mann-Whitney U test was applied to compare the oral hygiene index between the groups.
Categorical variables were compared using the Pearson’s chi-square test.

Results Significant differences in oral and dental health were detected between Cl and NH children (p <0.05). The
mean OHI-S for the Cl group was 3.86+1.95, while it was 2.38 +0.87 for the NH group. The mean DMFT/dmft scores
between the Cl and NH participants were 5.48+3.69 and 3.31+2.57, respectively (p <0.05). In the Cl group, the
parental education level was significantly lower than in the NH group (p <0.001, OR=11.80). Despite similar hearing,
speech, and academic development between Cl and NH peers, the impact of lower parental education levels on oral
health in Cl children was notable.

Conclusion This study revealed that there are significant differences between Cls and NHs in terms of oral health
and that mothers’education levels, tooth-brushing habits, and the frequency of dental visits may have yielded crucial
contributions to these differences.
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Background

Hearing loss is one of the most common congenital
anomalies in children and remains a significant health
concern in both developed and developing countries
[1-3]. Early diagnosis through routine newborn hearing
screening programs plays a crucial role in minimizing the
impact of hearing impairment on speech and language
development [4]. Depending on regional differences and
screening policies, the incidence of congenital hearing
loss varies between 1:1000 and 6:1000 live births, and this
rate increases throughout childhood due to acquired and
progressive hearing loss [4—6].

Oral and dental health problems are recognized as
major public health issues worldwide, and affect not only
individuals’ biological, psychological, and social well-
being, but also their communication abilities [2, 7-11].

Maintaining oral hygiene in childhood can be particu-
larly challenging due to factors such as limited manual
dexterity, dietary habits, and parental influence [8, 12].
These challenges become even more pronounced in chil-
dren with disabilities who may face additional barriers to
maintaining good oral health [12, 13].

In comparison to their normal-hearing peers, chil-
dren with hearing impairment often exhibit poorer oral
hygiene primarily due to communication difficulties
that may hinder effective oral health education and rou-
tine dental care [2, 14, 15]. Maintaining oral care in deaf
children might be more difficult and thus is often not
effective [2, 10, 16]. Studies have reported that hearing-
impaired children have a high prevalence of dental caries
and a poor oral hygiene index [2, 9-11, 14, 16—-19].

Cochlear implantation is currently an accepted treat-
ment option for pediatric patients with severe and pro-
found hearing loss [3, 20]. A cochlear implant (CI) is
an effective medical device surgically inserted into the
cochlea to stimulate the auditory nerve and improve
speech perception. It has been proven to be an effective
treatment for children with severe to profound sensori-
neural hearing loss who receive no benefit from hearing
aids [3, 21].

There are studies indicating that the language develop-
ment, academic performance, and psychosocial develop-
ment of hearing-impaired children who receive correct,
effective, and appropriate auditory rehabilitation are
similar to those of normal-hearing children [3, 20, 22,
23]. However, in the literature there is a lack of research
investigating oral hygiene and dental health in children
using cochlear implants.

To the best of our knowledge, this is the first study to
comprehensively evaluate oral hygiene status and dental
health in children with cochlear implants. The aim of this

study was to examine the prevalence of oral hygiene sta-
tus and dental caries, which are evaluated among the self-
care skills of children with CIs in comparison with those
of children with normal hearing. The null hypothesis
(HO) was that there would be no significant difference in
oral health status between the two groups. By addressing
this gap, we aim to provide insights into the oral health
challenges faced by children with cochlear implants and
how these may have important implications for overall
health and quality of life.

Method

Study design

This study was an analytical cross-sectional study con-
ducted between 2021 and 2023 to evaluate oral and
dental health in children with cochlear implants (Cls)
compared to children with normal hearing (NH). The
study included children with profound hearing loss who
had undergone cochlear implantation in the prelingual
or perilingual period and continued to have regular fol-
low-ups. Oral examinations were performed in a clinical
setting, and caregivers completed a structured question-
naire assessing oral hygiene practices and dietary habits.

Subjects

The study included children with profound hearing loss
who underwent CI surgery in the prelingual or perilin-
gual period and who continued to have regular follow-
ups, and children with normal hearing. A total of 84
children participated in the study; 40 children (15 boys,
25 girls) were in the CI group, and 44 children (22 boys,
22 girls) were in the NH group. All the children were
between 6 and 13 years old. The data were collected
between the fall of 2021 and 2023, and the final sample
included children whose ages ranged from 6 to 13 years
at the time of the study.

Inclusion criteria
The cochlear implant (Cl) group

+ Underwent cochlear implant surgery during the
prelingual or perilingual period.

+ Presented no history of medical or dental treatment
that could affect oral health (e.g., long-term
antibiotic use, fluoride therapy, and orthodontic
treatment).

+ Indicated willingness to participate in the study.

+ Had regular and consistent use of the cochlear
implant.

+ Demonstrated sufficient auditory benefits from the
cochlear implant based on routine follow-ups.
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«+ Displayed speech and language development
appropriate for age, comparable to children with
normal hearing.

+ Had parents without hearing or speech impairments.

The normal hearing (NH) group

+ Had normal hearing confirmed by audiological
evaluation.

+ Had no history of medical or dental treatment that
could affect oral health.

« Indicated willingness to participate in the study.

+ Had parents without hearing or speech impairments.

Exclusion criteria

+ Lack of voluntary participation from the child and/or
their family.

« Difficulty in cooperating during assessments.

+ DPresence of a medical condition affecting oral health.

+ Neurological or developmental disorders (e.g.,
cerebral palsy, stroke, cerebrovascular events).

+ Genetic or systemic disorders.

« Physical limitations preventing independent tooth
brushing.

Cochlear implant group

Patients with normal-hearing parents who had been
diagnosed with bilateral profound hearing loss in both
ears in the prelingual or perilingual period and who
started auditory rehabilitation were included in the CI
group. No delay was detected in language, gross motor,
fine motor, or personal social development subcompo-
nents in the Developmental Screening Test (DENVER
IT) administered to the children before and after cochlear
implantation until the age of 6 years. In addition, the
children were asked whether they had any difficulty lis-
tening to lessons or communicating with their friends at
school and were asked to rate their scores from 0 to 10;
0 indicated no difficulty and 10 indicated high difficulty.
Those with a visual analogue scale (VAS) score of four or
below were included in the study. The CI group consisted
of children who attended regular schools, similar to chil-
dren with normal hearing, and who reported that they
did not have any difficulty understanding the lessons at
school.

The normal hearing group

The normal-hearing group consisted of individuals with
bilateral normal hearing, no history of hearing disor-
ders, and without any developmental, neurologic, or sys-
temic disease findings. Each child’s hearing threshold at
frequencies between 250 and 8000 Hz was 15 dB HL or
less. Children with a hearing threshold of 15 dB HL or
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less were included in this study. Pure tone audiometry
was performed using a clinical audiometer (GN Otomet-
rics Madsen Astera2, Taastrup, Denmark) with TDH 39
P headphones for air conduction measurements.

Sound field tests

Sound field thresholds were examined using warble tones
from a loudspeaker placed 1 m in front of the children
at 0.25, 0.5, 1, 2, 4, and 8 kHz under implantation cir-
cumstances using a clinical audiometer (GN Otometrics
Madsen Astera2, Taastrup, Denmark). The means of the
free-field hearing thresholds at 0.5, 1, and 2 kHz; 1, 2,
and 4 kHz; and 0.5, 1, 2, and 4 kHz were defined as FFA,
FFA,, and FFA,, respectively. The free-field test results of
the CI group included in the study were within the nor-
mal range.

Case report form

Before the examination, a structured questionnaire was
administered to parents to assess oral health-related
behaviors, including toothbrushing frequency, timing
of brushing, use and type of toothpaste, brushing dura-
tion, age at which brushing began, frequency of tooth-
brush replacement, dental visit history (whether they
had visited a dentist, the frequency of visits, and the time
since the last visit), presence of gingival bleeding, and
consumption of sugary or cariogenic foods (Table 1).
Additionally, data concerning family characteristics (the
number of children in the family, maternal pregnancy
age, gestational age at birth, parental education levels)
and hearing-related factors for children with hearing loss
(age at diagnosis, initiation of auditory rehabilitation, and
duration of rehabilitation) were collected.

This questionnaire was designed as a structured Case
Report Form (CRF) to obtain sociodemographic and
behavioral data. Since it was created specifically for
data collection rather than for assessing a psychological
or clinical construct, formal validity and reliability test-
ing were not required. However, in order to ensure clar-
ity and relevance, its content was developed based on
the existing literature and expert opinions in the field
[24-26].

Oral examination

Oral and dental examinations of both groups (CI and
NH) were performed in a clinical setting under refractor
light using an examination tool (mirror probe). The car-
ies determination method recommended by the World
Health Organization (WHO) was used to determine the
number of decayed, filled, and missing teeth due to caries
[27]. Decayed, Missing (due to caries), Filled Teeth/Sur-
faces (DMFT), (D: decay, M: missing, F: filling, T: total)
were used for permanent teeth, and dmft (d: decay, m:
missing, f: filling, t: total) was used for deciduous teeth.
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Table 1 Oral health behavior of the Cl and NH groups
Cl (n=40) NH (n=44) p values Crude OR 95% Cl
n (%) n (%)

Mothers’ education level First school or below 21(77.8) 6(22.2) *p=0.000 11.80 3.20-50.22
High school 14 (41.2) 20 (58.8) 248 0.75-9.06
College or above (Ref) 5(1.7) 8(78.3) 1.00

Fathers’ education level First school or below 19 (65.5) 0(34.5) p=0.055 2.68 0.85-8.83
High school 12 (36.4) 21(63.6) 0.83 0.27-2.58
College or above 9 (40 9) 3(59.1) 1.00

Period when toothbrushing begins (n) Preschool (Ref) 2 (50.0) 2 (50.0) *p=0.008 1.00
Kindergarten 3(32.5) 7 (67.5) 048 0.16-1.39
Primary School 5(75.0) 5(25.0) 292 0.80-11.61

Frequency of toothbrushing Never or rarely 21 (84.0) 4(16.0) *p=0.000 5.91 1.19-33.07
Once a day 4(29.2) 34 (70.8) 0.50 0.12-2.05
Twice a day (Ref.) 5 (45.5) 6 (54.5) 1.00

Teeth brushing duration Less than 3 min 35(49.3) 36 (50.7) p=0472 1.55 0.46-5.66
More than 3 min 5(385) 8(61.5) 1.0

Frequency of toothbrush changing 3 months 14 (48.3) 15 (51.7) p=0.692 1.00
6 months 7 (43.6) 22 (56.4) 083 0.31-2.21
1 year or more 9(56.3) 7(43.8) 1.37 0.39-4.89

Dentist Examination Never 9 (90 0) 1(10.0) *»=0.016 12.47 1.82-297.3
Once 3(433) 17 (56.7) 1.10 042-2.86
Twice or more (Ref) 8(40.9) 26 (59.1) 1.00

Bleeding Gum Yes 0(55.6) 8 (444) p=0480 145 0.50-4.31
No (Ref.) 30 (46.2) 35(53.8) 1.00

Consumption of sugar No (Ref) 3(75) 1(25) p=0.120 1.00
Once a day 5(40.5) 21 (59.5) 0.25 0.00-2.54
Twice or more 22 (51.2) 21 (48.8) 0.36 0.01-3.61

Fluoride toothpaste use Don't know 8 (66.7) 4(33.3) p=0.057 1.98 0.54-8.29
Without fluoride 3(214) 1(78.6) 0.28 0.05-1.05
With fluoride (Ref) 29 (50.0) 29 (50.0) 1.00

Cl: Cochlear implanted group, NH: normal hearing group, OR: Odds ratio, 95% Cl: 95% confidence interval, Ref: references, *p < 0.05

For both permanent and deciduous teeth, ‘Missing/miss-  Ethics committee approval

ing’ specifically refers to teeth lost due to caries, exclud-  This analytical cross-sectional clinical study was

ing other causes such as trauma, congenital absence, or
natural exfoliation in primary teeth. The simplified oral
hygiene index (OHI-S) assessment proposed by Greene
and Vermillion was implemented. The simplified oral
hygiene index (OHI-S) comprises the Debris Index (DI-S,
dental plaque) and the Calculus Index (CI-S, mineralized
debris). This index was examined at the lingual faces of
the lower first molars, the buccal faces of the upper first
molars, and the labial faces of the upper right and lower
left incisors. The DI-S and CI-S scores are the two com-
ponents of the index. They are combined and divided by
the number of surfaces. Each individual’s index score was
determined and rated on a numerical scale from 0 to 3.
The nominal scoring scale for assessing the OHI-S was
as follows: Good: 0.0-1.2; fair: 1.3-3.0; and poor: 3.1-6.0
[28].

The DMFT/dmft and OHI-S data of the CI recipients
and the control group were documented on forms. The
oral examinations of all the children were performed by a
dentist (Prof. Dr. G. Kiling).

approved by the Ethics Committee of the Dokuz Eylil
University (protocol number: 2021/31-13). Written
informed consent forms were obtained from the parents
of all the children who agreed to participate in the study.
This study is in accordance with the ethical standards
of the 1964 Declaration of Helsinki and its subsequent
revisions.

Data analysis

The Statistical Package for the Social Sciences statis-
tics 29.0.0.0 software (IBM, SPSS Inc., USA) and Ope-
nEpi Program were used for the statistical analysis. The
Kolmogorov-Smirnov test of normality was employed
to determine if the data distribution was normal. We
employed nonparametric tests since our data were not
normally distributed (p <0.05). Percentages were used to
summarize and compare categorical variables using the
Pearson’s chi-square test. Statistical analyses of the differ-
ences in the oral hygiene index between the groups were
performed using the Mann—Whitney U test. Numerical
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Table 2 Demographic characteristics of the Cl and NH groups
Cl (n=40) NH (n=44) p values
Mean+SD Mean+SD
Chronological age (year) 9.73+20 9.72+18 p=03814
Gender Girl 25 22 p=0.249
Boy 15 22
Gestational age (week) 26-32 5 6 p=0.878
33-40 35 38
Number of children in the family (n) 2.18+0.68 (1-4) 2.18+0.62 (1-4) p=0.862
Socioeconomic status (n) Lower 11 7 p=0.382
Middle 22 26
Upper 7 11
Cl: cochlear implanted, NH: normal hearing, n number of subjects, SD: standard deviation, min: minimum, max: maximum, *p <0.05
Table 3 Audiological profiles of the cochlear implantation groups
Manufacturer of implants (n) Nucleus 25
MED-EL 11
Advanced Bionics 4
Implanted Ear (n) Right 24
Left 12
Bilateral 4
Age at diagnosis of hearing loss (year, Mean + SD) 1.03+1.81
Age at cochlear implantation (year Mean +SD) 2.58+1.76 (min—max: 1-5)
Age at the beginning of rehabilitation (year, Mean +SD) 1.63+£1.03
Duration of implant use (year, Mean +SD) 7.10+£249
Language Development Period Prelingual (n) 26
Perilingual (n) 14
Duration of attendance in special education (year, Mean + SD) 6.34+2.25

Difficulty listening to the lesson (VAS, Mean + SD)
FFA,(dB, Mean +SD)

FFA,(dB, Mean £ SD)

FFA;(dB, Mean +SD)

Speech Reception Threshold (dB)

1.85+0.95 (min—-max: 0-4)

23.93+5.51 (min—-max:12-35)
24.13+541 (min-max:13-35)
24.22+530 (min-max:13-35)
23.37+4.44 (min-max: 15-30)

N: number of subjects, SD: standard deviation, FFA,: Means of implanted free-field audiometry thresholds at 0.5, 1, 2 kHz frequencies, FFA,: Means of implanted free-field
audiometry thresholds at 1, 2, 4 kHz frequencies, FFA;: Means of implanted free-field audiometry thresholds at 0.5, 1, 2, 4 kHz, frequencies, min: minimum, max: maximum,

dB: decibel, VAS: visual analog scale (0-10)

data are expressed as the mean + SD, and categorical data
are expressed as percentages (%). In all analyses, the value
of p<0.05 was considered significant.

A sample size calculation was conducted to deter-
mine the required number of participants. Based on an
expected 10% difference between the groups, a 95% con-
fidence interval, 5% type I error rate, and 80% power, the
necessary sample size was determined to be 17 partici-
pants per group. Taking into account a 20% attrition rate,
the sample size for each group was rounded up to 20 par-
ticipants. The final study sample consisted of 40 children
in the CI group and 44 children in the NH group.

Results

Sample profiles

The CI group consisted of 40 participants (25 females, 15
males) with a mean age of 9.73+2.0 years, and the NH
group consisted of 44 children (22 females, 22 males)

with a mean age of 9.72+1.8 years. There was no statis-
tically significant difference between the two groups in
terms of sex, age, number of children in the family, ges-
tational age at birth, or socioeconomic status (p>0.05,
Table 2).

The children in the CI group were implanted in the pre/
perilingual period. The mean implant age of the children
was 2.58+1.76 years. The mean free field test thresholds
for FFA,, FFA,, and FFA; of the implant group were less
than 25 dB. Information concerning the audiological pro-
file of the CI group is presented in Table 3.

Sociodemographic characteristics and oral health
behaviors of the children

Compared to the NH group, the maternal education lev-
els were significantly lower in the CI group (p<0.001,
OR=11.80). When oral health behavior was evaluated,
it was determined that the age at which they started
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Table 4 Oral hygiene status of the Cl and NH groups

Cl(n=40) NH (n=44) p values

D/d 5.18+3.62 2.50+1.89 0.000*
M/m 0,05+0.32 0.25+0.89 0.120
F/f 0.25+0.84 0.56+1.16 0.055
DMFT/dmft Score 548+3.69 331+257 0.006*
DI-S 2.99+1.15 2.04+0.74 0.000*
Cl-S 0.79+0.94 033+0.32 0.062
OHI-S 3.86+1.95 2.38+0.87 0.0017*
OHI-S Scale (n) Poor 22 6 0.000*

Fair 16 33

Good 2 5

Cl: cochlear implanted group, NH: normal hearing group, D/d: decay, M/m: missing,
F/f: filling, DMFT/dmft: total index of DMF/dmf, DI-S: Debris Index, CI-S: Calculus
Index, OHI-S: Simplified Oral Hygiene Index, *p < 0.05

brushing their teeth was later (OR=2.92), and both the
frequency of tooth brushing (OR=5.91) and dental vis-
its (OR=12.47) were lower in the CI group (p<0.05).
Although sugary food consumption did not significantly
differ between the groups, the majority of the children in
both groups consumed at least one (CI Group: 22, NH
Group: 21) or more (CI Group: 22, NH Group: 21) sugary
food per day (Table 1).

An inverse, weak and statistically significant correlation
was observed between maternal educational status and
DMFT/dmft value, D, DI-S, and OHI-S index (rho=-0.31,
p=0.004; rho=-0.33, p=0.002; rho=-0.26, p =0.015; rho=-
0.26, p=0.017; rho=-0.23, p=0.038, respectively). In our
study, there was a correlation between the starting age,
frequency of tooth brushing and the educational status of
the mothers. As the mothers’ education levels increased,
the children started brushing their teeth at an earlier
age (rho=-0.33 p=0.002) and brushed their teeth more
frequently (rho=-0.35 p=0.001). In addition, a signifi-
cant difference was observed between maternal educa-
tion levels and the duration of tooth brushing (p=0.001),
tooth brushing frequency (p =0.012) and dental examina-
tion (p=0.042). A statistically significant correlation was
observed between the time of tooth brushing initiation
and oral hygiene status (DMFT/dmft value, D, M, CI-S,
OHI-S) (p<0.05).

The oral health status, including the DMFT/dmft value,
debris, calculus, and oral hygiene index, was signifi-
cantly different between the CI and NH groups (p <0.05)
(Table 4).

When comparing the oral health behavior of children
who underwent cochlear implantation during the prelin-
gual and perilingual periods, no significant differences
were observed in DMFT/dmft, D/d, M/m, F/f, DI-S, CI-S,
or OHI-S values (p>0.05).
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Discussion

Oral hygiene is essential for the general health and devel-
opment of children [29]. There are many factors affect-
ing the general health and quality of life of individuals
both with normal hearing and hearing impairment.
Oral and dental health are among these important fac-
tors. Research has demonstrated that the oral and dental
health of hearing-impaired children is worse than that of
children with normal hearing [10, 11, 14, 29-33].

This study included 40 children aged between 6 and 13
years with hearing impairment. In our study, the DMFT/
dmft, D/d, DI-S, and OHI-S of the CI group were signifi-
cantly worse than those of the NH group. The parental
education levels, tooth brushing status, and frequency
of dental visits were significantly different between the
two groups. This study revealed that the oral and den-
tal health of cochlear implant users is lower than that of
their normal-hearing peers. In our study, we suggest that
the oral hygiene and dental health of children with CIs
were significantly lower, which may be related to factors
such as parental education levels, tooth brushing habits,
and frequency of dental visits.

In a systematic review and meta-analysis, Bhadauria et
al. evaluated the oral hygiene status of hearing-impaired
individuals and reported that these individuals had mod-
erate oral hygiene and the presence of dental plaque and
gingivitis [2].

Jeddi Z et al. (2014) stated that regular implant use
in an auditory rehabilitation program enables hear-
ing-impaired children to perform similarly to their
normal-hearing peers [34]. Cochlear implantation in
hearing-impaired individuals not only supports language
acquisition but also enhances academic and psychosocial
development [20, 35].

Although the available information on the oral hygiene
status of the deaf population is limited, to the best of our
knowledge, there is no research on children with CI.

In the hypothesis of the study, it was expected that
there would be no differences in terms of oral and den-
tal health in children who used regular CI, exhibited
language development similar to that of their peers, and
attended an auditory rehabilitation program. However,
the oral hygiene index and DMFT/dmft index were sig-
nificantly lower. When we investigated which parameter
caused this difference, we observed a significant associa-
tion between maternal education levels and the dental
health and oral hygiene index (p <0.05). To the best of our
knowledge, no previous studies have specifically investi-
gated the impact of maternal education on oral and den-
tal health in children with cochlear implants. Therefore,
our findings were interpreted in the context of studies
conducted on children with hearing impairment and the
general pediatric population, where maternal education
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has been consistently linked to oral hygiene habits and
dental health outcomes.

Swain et al. (2018) noted that oral and dental health
are important for children and adults, but it is more
critical for hearing-impaired children. They emphasized
that health promotion programs and parental education
are essential for optimum oral hygiene in these children
[10]. Similarly, many researchers have demonstrated the
importance of parental education, especially maternal
education, in dental health and oral hygiene of hearing-
impaired children [8, 32, 33, 36]. In our study, there was
a correlation between the starting age and frequency of
tooth brushing and the educational status of the mothers.

Mohebbi SZ et al. (2008) reported that mothers are
important role models in terms of oral and dental health
in early childhood (1-3 years) [37]. In their study of hear-
ing-impaired individuals, Li ] et al. (2023) similarly stated
that parental education was important for oral hygiene
[19]. Even for individuals without hearing loss, studies
have indicated that maternal education status is impor-
tant for oral and dental health [36, 38—40]. Our study
revealed that the mother’s education is an important fac-
tor for better overall oral and dental health. Buldur and
Giivendi (2020) stated that in addition to the mother’s
education levels, the socioeconomic status of the family
played a crucial role in children’s oral health [8]. Simi-
larly, a study by Campos et al. showed that the socioeco-
nomic status of families of children with hearing-speech
disabilities was low, and this factor may negatively affect
access to dental health services due to financial difficul-
ties [18]. Consistent with these studies, our findings
indicate that maternal education levels are significantly
associated with oral hygiene and the dental health out-
comes in children with Cls.

In research evaluating the oral hygiene of hearing-
impaired children, Wei et al. (2012) used the DMF index
to demonstrate a relationship between frequent sugary
food consumption and oral health [33]. Although our
study did not detect a relationship between the frequency
of sugar consumption and oral health, it is noteworthy
that most of the children in both groups consumed sug-
ary foods at least once a day.

Another finding was that when compared to the NH
group, the CI group had significantly fewer dentist visits.
Dentist visits are not limited to only dental examinations;
during the examination dentists provide the patients with
valuable information concerning oral and dental care.
Dental examinations are critical in terms of oral dental
health, follow-ups, and control [41]. In individuals with
profound hearing loss, the rehabilitation process from
diagnosis to implant fitting and beyond has its own costs
and challenges. Diagnosis, therapy processes, clinical
follow-ups, spare parts, consumables, education, health,
and travel costs are some of these costs [42]. This finding
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also suggested that the strong focus of families on meet-
ing the needs related to hearing loss may be a reason for
not making regular dental visits.

Li et al. reported a relationship between daily tooth
brushing frequency in children and oral dental health
[19]. Moradi G et al. (2019) reported that oral health-
related behavioral habits (e.g., tooth brushing frequency,
mouth rinsing) are associated with parents’ education
levels [40]. Kuter et al. (2020) also found a relationship
between the frequency of tooth brushing and mothers’
education levels [43].

In our study, a significant difference was observed
between the time of tooth brushing initiation and the oral
hygiene index of the groups (p<0.05), but the high con-
fidence interval of the relationship between the groups
may be due to the low number of participants. Therefore,
using a larger sample size in the study could not only
improve the reliability of the results but also enable their
generalization.

Our findings emphasize the importance of parental
education and maintaining regular dental check-ups
to improve oral and dental health in children with CIL
Maternal education levels were found to affect children’s
oral and dental health. Parents with higher levels of edu-
cation are believed to have access to more accurate infor-
mation and resources which subsequently enable them
to improve their children’s oral hygiene habits, which in
turn yields more effective management of their children’s
oral and dental health. Our study emphasizes that oral
and dental health, an important factor affecting the gen-
eral health and quality of life of hearing-impaired indi-
viduals, is an important issue that should be taken into
consideration, especially for cochlear implant users. It is
important to note that the relationship between maternal
education and oral health practices may be bidirectional.
Higher maternal education levels can influence access to
resources and health literacy, which in turn can positively
affect children’s oral hygiene habits. On the other hand,
the improved oral health of children may also contribute
to increased health awareness and literacy in the family,
creating a cycle of improvement. Future studies with lon-
gitudinal designs would help clarify these causal relation-
ships and their impact on oral health over time. Children
with CIs regularly visit otolaryngology and audiology
clinics for follow-ups. During these follow-ups, ENT
physicians or audiologists may recommend that patients
undergo dental check-ups to better maintain their oral
hygiene and dental health.

Limitations of the Study.

Our study had some limitations. One of our limitations
is that although individuals with CIs and NH were evalu-
ated, a comparison with hearing-impaired individuals as
a third group would have allowed more generalizations
regarding hearing loss. In our country, hearing loss is
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diagnosed at an early stage with national newborn hear-
ing screening, which has been implemented since 2004;
and cochlear implantation can be performed for severe
to profound hearing loss with state support. As hearing
rehabilitation is provided with state support for children
with hearing-speech disabilities, the number of referrals
to our clinic for these children remains relatively low.

In addition, the number of participants with CIs was
lower than expected. However, the study was planned
and began to be implemented during the COVID-19
pandemic. It was thought that both families’ fear of
bringing their children to the hospital as well as the lim-
ited age range of patients resulted in the small number of
patients. A larger sample would have increased the pos-
sibility of generalizing the results.

Moreover, the study did not address the geographic and
cultural factors that may influence dental health behav-
iors and access to care, which could limit the broader
applicability of the findings. Another limitation is that the
cross-sectional design did not allow for tracking changes
in oral health over time. A longitudinal approach could
provide deeper insights into both the evolving impact of
cochlear implants and maternal education levels on oral
hygiene. Future studies with longitudinal designs would
be valuable in assessing long-term trends and causality in
oral health outcomes among cochlear implant recipients.

Despite these limitations, the results of this study pro-
vide valuable information concerning the oral hygiene
and dental health of cochlear implant recipients and the
effects of maternal educational status.

Conclusion

This study demonstrates a significant association
between the oral and dental health of children with
cochlear implants (CIs) and their mothers’ education
levels. Children of more highly educated mothers tended
to have better oral hygiene and dental health, which may
be linked to greater awareness and adherence to preven-
tive dental care practices. Additionally, compared to their
peers, children with Cls exhibited differences in oral
health-related behaviors, including toothbrushing fre-
quency and dental visit patterns.

These findings highlight the importance of addressing
not only hearing loss but also addressing parental educa-
tion and oral health awareness when designing interven-
tions for children with Cls.

Integrating oral health education into early interven-
tion and auditory rehabilitation programs may help
improve dental care habits in this population. Rais-
ing awareness among parents and caregivers may help
improve both preventive dental behaviors and overall
oral health outcomes.

Further research with larger and more diverse sam-
ples is needed to confirm these findings and explore
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additional social determinants influencing oral health in
children with hearing impairment.

Abbreviations

@] Cochlear implanted group
NH Normal hearing group

D/d Decay

M/m Missing

F/f Filling

DMFT/dmft  Total index of DMF/dmf

DI-S Debris Index

cl-s Calculus Index

OHI-S Simplified Oral Hygiene Index
dB decibel

kHz kiloHertz

Hz Hertz

FFA1 Means of implanted free-field audiometry thresholds at 0.5, 1,

2 kHz frequencies

FFA2 Means of implanted free-field audiometry thresholds at 1, 2,
4 kHz frequencies
FFA3 Means of implanted free-field audiometry thresholds at 0.5, 1,

2,4 kHz frequencies

Acknowledgements

We would like to express our gratitude to the children who volunteered to
participate in the research. The authors thank Assoc. Prof. Dr. Ayla Acikgoz for
her statistical support.

Author contributions

Concept (SMD, GKilinc, EAG, HEE, YO, GK) and design (SMD, GK, GKilinc, HEE,
EAG, YO) of study, acquisition of data (SMD, GKilinc, GK, EAG, HEE, YO), analysis
(SMD, GKilinc) and interpretation of data (SMD, GKilinc, HEE, GK, EAG, YO),
Drafting the article or revising it critically for important intellectual content
(SMD, GKilinc, GK, HEE, EAG, YO). Final approval of the version to be published
content (SMD, GKilinc, HEE, EAG, YO, GK). All authors approved the final
manuscript as submitted and agree to be accountable for all aspects of the
manuscript. The requirements for authorship as stated earlier in this document
have been met, and that each author believes that the manuscript represents
honest work.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval and consent to participate

This analytical cross-sectional clinical research was approved by Dokuz Eylul
University, Ethical Committee (protocol number: 2021/31 —13). All procedures
performed in studies involving human participants were in accordance with
the ethical standards of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. Written informed consent was obtained from all individual
participants included in the study.

Author details

Wocational School of Healthcare, Department of Audiology, Dokuz Eylil
University, izmir, Ttrkiye

“Department of Audiology, Dokuz Eylil University Hospital, Izmir, Turkiye
*Faculty of Dentistry, Department of Pedodontics, Dokuz Eyliil University,
izmir, Tarkiye

“School of Medicine, Department of Otorhinolaryngology, Dokuz Eyliil
University, Izmir, Turkiye



Mungan Durankaya et al. BMC Oral Health

(2025) 25:1170

Received: 9 May 2024 / Accepted: 2 July 2025
Published online: 16 July 2025

References

1.

2.

20.

Brown TH. Childhood hearing impairment. Paediatrics Child Health (United
Kingdom). 2020;30:6-13.

Bhadauria US, Purohit B, Agarwal D, Priya H. Dental caries status in individuals
with hearing difficulties: A systematic review and meta-analysis. Spec Care
Dentist. 2023;43:9-16.

Haukedal CL, Lyxell B, Wie OB. Health-Related quality of life with cochlear
implants: the children's perspective. Ear Hear. 2019;41:330-43.

Edmond K, Chadha S, Hunnicutt C, Strobel N, Manchaiah V, ChristineYo-
shinaga-Itano. Effectiveness of universal newborn hearing screening: A
systematic review and meta-analysis. J Glob Health. 2022;19:12:12006. https:/
/doi.org/10.7189/jogh.12.12006.

Geng GA, Konukseven O, Muluk NB, et al. Features of unilateral hearing loss
detected by newborn hearing screening programme in different regions of
Turkey. Auris Nasus Larynx. 2013;40(3):251-9.

Butcher E, Dezateux C, Cortina-Borja M, Knowles RL. Prevalence of permanent
childhood hearing loss detected at the universal newborn hearing screen:
systematic review and metaanalysis. PLoS ONE. 2019;11(7):14.

Glick M, Williams DM, Kleinman DV, Vujicic M, Watt RG, Weyant RJ. A new
definition for oral health developed by the FDI world dental federation opens
the door to a universal definition of oral health. Br Dent J. 2016;221(12):792-3.
Buldur B, Glivendi ON. Conceptual modelling of the factors affecting oral
health-related quality of life in children: A path analysis. Int J Paediatr Dent.
2020;30(2):181-92.

Jain M, Bharadwaj SP, Kaira LS, Bharadwaj SP, Chopra D, Prabu D, Kulkarni S.
Oral health status and treatment need among institutionalised hearing-
impaired and blind children and young adults in udaipur, india. A compara-
tive study. Oral Health Dent Manag. 2013;12(1):41-9.

Swain SK, Choudhury BK, Sahu MC. Dental problems among hearing-
impaired children: our experiences at a tertiary care teaching hospital in
Eastern India. Pediatr Pol. 2018;93:199-202.

Moin M, Saadat S, Rafique S, Magsood A, Lal A, Vohra F, Alam MK, Ahmed

N. Impact of oral health educational interventions on oral hygiene status

of children with hearing loss: A randomized controlled trial. Biomed Res Int
2021;518613:1-8. https://doi.org/10.1155/2021/5185613

Alyami, Alamri RN, Abdulsamad MA, Alsharabi OH, Hakami MM, Alsheekh
MA, Zamka HO, Alhijaili MA, Alharbi KA, Abulaban RM. Assessment of oral
health status and communication barriers in Hearing- and Speech-Impaired
children in Jeddah City. Cureus. 2022;14(3):17-21.

Devinsky O, Boyce D, Robbins M, Pressler M. Dental health in persons with
disability. Epilepsy Behav. 2020;110:107174.

Sandeep V, Kumar M, Vinay C, Chandrasekhar R, Jyostna P. Oral health status
and treatment needs of hearing impaired children attending a special school
in bhimavaram, India. Indian J Dent Res. 2016;27(1):73-7.

Fageeh HN, Mansoor MA. The effectiveness of oral hygiene instructions in
sign Language among hearing impaired adults in Saudi Arabia. Spec Care
Dentist. 2020;40(1):41-8.

Moin M, Haider MM, Rizvi KF, Imtiaz R, Magsood A, Altamash S, Ahmed N,
Heboyan A. Enhancing oral hygiene in children with hearing impairment:
the impact of skit video Interventions - A randomized controlled trial. Glob
Pediatr Health. 2024;11:2333794X241240302.

Reddy VK, Chaurasia K, Bhambal A, Moon N, Reddy EK. A comparison of oral
hygiene status and dental caries experience among institutionalized visually
impaired and hearing impaired children of age between 7 and 17 years in
central India. J Indian Soc Pedod Prev Dent. 2013;31(3):141-5.

Cannobbio VC, Cartes-Veldsquez R, McKee M. Oral health and dental care

in deaf and hard of hearing population: A scoping review. Oral Health Prev
Dent. 2020;18(3):417-25.

Li J,Zhang K, Cha C, Lu Z, Liu L. Oral health status of students with visual or
hearing impairments in Northeast China. BMC Oral Health. 2023;23(1):1-9.
Choi JE, Hong SH, Moon 1J. Academic performance, communication, and
psychosocial development of prelingual deaf children with cochlear implants
in mainstream schools. J Audiol Otol. 2020;24(2):61-70.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 10

LiY, Zhang W, Yang Y, Liu B, Chen M, Liu W, Li B, Zhou Y, Zhang J, Ni X. Devel-
opmental performance among pediatric candidates for cochlear implanta-
tion. Acta Otolaryngol. 2021;141(1):66-72.

Wong CL, Ching TYC, Cupples L, Button L, Leigh G, Marnane V, Whitfield J,
Gunnourie M, Martin L. Psychosocial development in 5-Year-Old children
with hearing loss using hearing aids or cochlear implants. Trends Hear.
2017;21:2331216517710373.

Anmyr L, Larsson K, Olsson M, Freijd A. Strengths and difficulties in children
with cochlear implants - Comparing self-reports with reports from parents
and teachers. Int J Pediatr Otorhinolaryngol. 2012;76(8):1107-12.

Kiling G, Akcali A, Belet N, Uzun BC, Erbas SO, Arslan IC, Giizin AC. Association
among COVID-19, multisystem inflammatory syndrome in children, and oral
health status. Braz Oral Res. 2023;37:1-10.

Maes L, Vereecken C, Vanobbergen J, Honkala S. Tooth brushing and social
characteristics of families in 32 countries. Int Dent J. 2006;56(3):159-67.
Trubey RJ, Moore SC, Chestnutt IG. The association between parents’
perceived social norms for toothbrushing and the frequency with

which they report brushing their child's teeth. Community Dent Health.
2015;32(2):98-103.

Petersen PE, Baez RJ, World Health Organization (WHO). Oral Health Surveys
Basic methods, 5th Ed. World Health Organization (WHO), Geneva, Switzer-
land: 2013. https://www.who.int/publications/i/item/978924 1548649
Greene JG, Vermillion JR. The simplified oral hygiene index. J Am Dent Assoc.
1964,68:7-13.

Casamassimo PS. Relationships between oral and systemic health. Pediatr
Clin North Am. 2000;47(5):1149-57.

Kumar S, Dagli RJ, Mathur A, Jain M, Duraiswamy P, Kulkarni S. Oral hygiene
status in relation to sociodemographic factors of children and adults

who are hearing impaired, attending a special school. Spec Care Dentist.
2008;28(6):258-64.

Vichayanrat T, Kositpumivate W. Oral health conditions and behaviors among
hearing impaired and normal hearing college students at Ratchasuda col-
lege, Nakhon pathom, Thailand. Southeast Asian J Trop Med Public Health.
2014;45(5):1228-35.

Arunakul M, Kuphasuk Y, Boonyathanasit R. Effectiveness of oral hygiene
instruction media on periodontal health among hearing impaired children.
Southeast Asian J Trop Med Public Health. 2012;43(5):1297-303.

Wei H, Wang YL, Cong XN, Tang WQ, Wei PM. Survey and analysis of

dental caries in students at a deaf-mute high school. Res Dev Disabil.
2012;33:1279-86.

Jeddi Z, Jafari Z, Zarandy MM, Kassani A. Aural rehabilitation in children with
cochlear implants: A study of cognition, social communication, and motor
skill development. Cochlear Implants Int. 2014;15(2):93-100.

Jeddi Z, Jafari Z, Zarandy MM. Effects of parents'level of education and
economic status on the age at cochlear implantation in children. Iran J
Otorhinolaryngol. 2012;24(66):7-15.

Naidu R, Nunn J, Irwin JD. The effect of motivational interviewing on oral
healthcare knowledge, attitudes and behaviour of parents and caregivers of
preschool children: an exploratory cluster randomised controlled study. BMC
Oral Health. 2015;15:101.

Mohebbi SZ, Virtanen JI, Murtomaa H, Vahid-Golpayegani M, Vehkalahti MM.
Mothers as facilitators of oral hygiene in early childhood. Int J Paediatr Dent.
2008;18(1):48-55.

Chand S, Chand S, Dhanker K, Chaudhary A. Impact of mothers’ oral
hygiene knowledge and practice on oral hygiene status of their 12-year-old
children: A cross-sectional study. J Indian Association Public Health Dentistry.
2014;12(4):323-9.

Chen L, Hong J, Xiong D, Zhang L, Li Y, Huang S, Hua F. Are parents'education
levels associated with either their oral health knowledge or their children’s
oral health behaviors? A survey of 8446 families in Wuhan. BMC Oral Health.
2020;20(1):203.

Moradi G, Bolbanabad A, Moinafshar A, Adabi H, Sharafi M, Zareie B. Evalu-
ation of oral health status based on the decayed, missing and filled teeth
(Dmft) index. Iran J Public Health. 2019;48(11):2050-7.

Qu X, Houser SH, Tian M, Zhang Q, Pan J, Zhang W. Effects of early preventive
dental visits and its associations with dental caries experience: a cross-sec-
tional study. BMC Oral Health. 2022;22(1):150.

Vieira S, de Dupas S, Chiari G. Cochlear implant: the family’s perspective.
Cochlear Implants Int. 2018;19(4):216-24.


https://doi.org/10.7189/jogh.12.12006
https://doi.org/10.7189/jogh.12.12006
https://doi.org/10.1155/2021/5185613
https://www.who.int/publications/i/item/9789241548649

Mungan Durankaya et al. BMC Oral Health (2025) 25:1170 Page 10 of 10

43, Kuter B, Uzel . The influence of maternal factors on children’s oral health:

H V)
mothers’age, education level, toothbrushing habit and socioeconomic Publisher’s note
status. J Pediatr Res, 2020:7(4):3315. Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.



	﻿Exploring disparities in oral health: a comparative study of cochlear implanted and normal-hearing children
	﻿Abstract﻿
	﻿Background
	﻿Method
	﻿Study design
	﻿Subjects
	﻿Inclusion criteria
	﻿The cochlear implant (CI) group
	﻿The normal hearing (NH) group
	﻿Exclusion criteria
	﻿Cochlear implant group
	﻿The normal hearing group
	﻿Sound field tests
	﻿Case report form
	﻿Oral examination
	﻿Ethics committee approval


	﻿Data analysis
	﻿Results
	﻿Sample profiles
	﻿Sociodemographic characteristics and oral health behaviors of the children

	﻿Discussion
	﻿Conclusion
	﻿References


