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ABSTRACT

Introduction: The wide use of mobile phones in the world has raised the possibility of exposure to radiofre-
quency waves causing many side effects to the health of users, and even more in children.
Aim of the study: To study the impact of radiofrequency waves of mobile phones on the hearing of the chil-
dren in a tertiary care teaching hospital.
Material and methods: We studied two groups of children of age less than 16 years. One group comprised  
52 mobile phone users for more than one hour per day for more than one year, and the second group comprised 
52 children who were non-users or used a mobile phone for less than one hour per day for less than one year.
Results: The children using mobile phones for more than one hour (2-3 hours) per day for more than one 
year had 5 dB loss in 7.2%, 10 dB loss in 4.5%, and 15 decibel loss in 2.5% of cases. There was a 5 dB loss in  
7.9 and 10 dB in 5.5% of cases in those using mobiles 3-4 hours per day. There was sensorineural hearing loss 
in 28.6% of the children and 3.6% in the control group.
Conclusions: This study did not show any significant hearing loss in children using mobile phones.
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INTRODUCTION

The most effective and advanced communication de-
vice in this century is the mobile phone. Mobile phones 
are not only used by adults and qualified persons but also 
by children for playing games and many other forms of 
entertainment in. The mobile phone is nowadays a wide-
ly used electronic item in the world, affecting all ages of 
society. Nowadays children are a more noticeable group 
using mobile phones, and they are capable of using any 

advanced type of mobile phone. The increased use of mo-
bile phones has now focused attention on the biological 
effects and health hazards due to radiofrequency expo-
sure from mobile phones. Approximately 85% of Amer-
icans, 60% of the British, and more than 45% of Indians 
are using mobile phones [1]. The adverse effect due to 
mobile phone use is a global concern and affects people 
all over the world. The emission of radiofrequency radi-
ation from mobile phones can affect the user over lon-
ger periods. Mobile phones receive and emit signals by 
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using electromagnetic fields in the radiofrequency band. 
The Global System for Mobile communications (GSM) is 
presently the most widely used digital phone service op-
erating at 900-1800 MHz frequency bands [2]. The inner 
ear is close to the mobile phone during any phone call, 
thus making it the most vulnerable organ. There are no 
regenerative properties of the hair cells in the cochlea, 
and so permanent damage may occur after prolonged ex-
posure to radiofrequency waves by mobile phones. The 
hair cells of the cochlea are very sensitive to prolonged 
exposure to loud sound, and so the ear is at risk from 
mobile phones as well as the electromagnetic radiation 
emitted from the mobile phones. Keeping in the mind the 
hazards of the mobile phone, this study was conducted 
to investigate the association of mobile phone use and 
hearing loss in children.

MATERIAL AND METHODS

This study was conducted in a tertiary care teaching 
hospital of eastern India during a period of 3 years from 
January 2015 August to July 2017. There were 104 children 

who participated in this study, with 52 mobile phone users 
and 52 were mobile phone non-users, with ages between 6 
and 16 years. Mobile phone users (n = 52) were those who 
used a mobile phone for more than one year with minimum 
usage of more than one hour per day were included in our 
study. All the children underwent a questionnaire including 
the average duration of mobile use and different symptoms 
felt during and after the mobile phone use. All parents of 
the children gave informed consent prior to being included 
in the study. This study was approved by the Medical Ethics 
Committee of our Institute. Children with chronic suppu-
rative otitis media, history of head injury, history of hearing 
loss, and those exposed to noisy environments were exclud-
ed from this study. All the children underwent detailed his-
tory taking with special emphasis on duration of usage, type 
of mobile, and hearing loss. Detailed general and systemic 
examinations along with thorough examination of the ear 
with an otoscope were done. At the outpatient department, 
all the children were assessed with tuning fork tests such as 
Rinne’s, Weber’s, and absolute bone conduction (ABC) tests. 
All the patients had undergone hearing assessment with 
pure tone audiometry. Pure tone audiograms were assessed 
for the type and degree of hearing loss.

RESULTS

This study was divided into two groups: 1. Those chil-
dren using mobile phones more than one hour per day 
for more than one year; 2. No usage of mobile phones or 
using mobile only occasionally, i.e. less than one hour for 
less than one year. Chi-square and Student’s t-tests were 
used for statistical analysis, and a p value of less than 0.05 
was considered as significant. There are three main symp-
toms found among patients: block sensation in the ear of 
12 children (23%), hearing loss in 4 children (7.69%), and 
tinnitus in 11 children (21.15%). Block sensation in the 
ear and tinnitus were statistically significant with p value  
< 0.05, whereas hearing loss was statistically insignifi-
cant (p > 0.05) (Table 1). In this study, 18 (34.61%) chil-
dren had 1-2 hours of exposure to mobile phone per day,  
23 (44.23%) had 2-3 hours, and 11 (21.15%) had 3-4 hours 
exposure to mobile phones per day. The c2 value for hours 
of exposure to mobile phone was 6.29, and the p value 
was 0.043067, which was statistically significant (Table 2).

In our study, those using mobile phones for 2-3 hours 
per day, 5 dB loss was seen in 12%, 10 dB loss in 4.4%, 
and 15 dB loss in 3.5%. There was 5 dB loss in 7.5%, 10 dB 
in 4.5% and 15 dB in 2.3% noted among those using mo-
bile phones for 3-4 hours per day (Table 3). In group 1, 
the mean length of exposure was 2.34 years, whereas in 
group II it was 0.11 years with a p value < 0.05, which was 
statistically significant (Table 4). In this study, 24% of chil-
dren using mobile phones for 2 years had sensorineural 
hearing loss, and 29% of those using mobile phones for 3 
years had sensorineural hearing loss (Table 5). Continu-
ous exposure was associated with minimal sensorineural 

TABLE 1. Clinical presentations

Symptoms Group I 
(n = 52)

Group II 
(n = 52)

c2 p

aural block sensation 12 (23%) 0% 8.947 0.0014

decreased hearing 4 (7.69%) 0% 2.114 0.0730

tinnitus 11 (21.15%) 0% 8.123 0.0022

TABLE 2. Hours of exposure to mobile phones in the study group

Hours of exposure 
per day

Number of children 
(n = 52)

Percentage (%)

1 to 2 hours 18 34.61

2 to 3 hours 23 44.23

3 to 4 hours 11 21.15
χ2 = 6.29, p = 0.043067

TABLE 3. Hours of exposure per day and hearing loss

Hearing 
loss

2-3 hours/day 
exposure

3-4 hours/day 
exposure

5 dB 12% 7.5%

10 dB 4.4% 4.5%

15 dB 3.5% 2.3%

TABLE 4. Years of exposure to mobile phones

Group n Mean

I 52 2.34

II 52 0.11
t = 59.9294, p = 0.0001
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hearing loss in our study, whereas intermittent exposure 
was seen in the control group. In group I, 19.23 % and 
15.38% of cases had minimal sensorineural hearing loss 
in the right ear and left ear, respectively, while in group II, 
5.76% had sensorineural hearing loss in the only the right 
ear (Table 6 and 7).

DISCUSSION

Mobile phone use is very popular and almost indis-
pensable in modern daily life. This is one of the fastest 
growing technological advancements in present times. 
Non-ionising electromagnetic radiofrequency radiation 
is commonly used in telecommunications like mobile 
phones, radio, TV, Wi-Fi, and radar. The exposure to this 
radiation is rapidly increasing in this decade, which has 
created interest in the possible harmful effects to health 
[3]. Sensitive individuals sometimes present dizziness, fa-
tigue, headache, memory impairment, sleep disturbances, 
myalgia, anxiety, hearing loss, and tinnitus [4]. In our 
study, aural block sensation (23%) followed by tinnitus 
(21.15%) and decreased hearing (7.69%) were the pre-
sentations among mobile users. Mobile phones have been 
used since 1983, and their use was estimated to include 
around 6 billion users in 2010 [5].

The mobile phone is one of the fastest-growing tech-
nological advancements in modern times. However, there 
is public concern about the possibility of health hazards 
of electromagnetic field (EMF) exposure from mobile 
phones. The prolonged use of mobile phones can be haz-
ardous to the health of human life. The inner ear, particu-
larly the cochlea, is the first important organ that usually 
receives the impact of the electromagnetic radiation due 
to its close locality and the delicate outer hair cells of the 
cochlea, which are highly vulnerable to acoustic injury in 
comparison to the other structures of the body. There are 
many studies comparing users and non-user of mobile 
phones, which showed some differences, even though the 
thresholds were within normal limits [6]. A study of mo-
bile phone users concluded that hearing loss is associated 
with prolonged exposure to the electromagnetic fields 
that are generated from mobile phones [7]. Another study 
concluded that a 10-minute exposure to a radiofrequency 
field from a mobile phone had no effect on hearing loss 
[8]. Radiofrequency signals are emitted and received from 
the antenna of the mobile phone during phone calls. This 
may cause a high specific absorption rate (SAR) in the 
region of the ear in comparison to the other parts of the 
body. It can enter the tissue and is absorbed and convert-
ed into the heat [8].

The rapid use of wireless communications, particu-
larly mobile phones, has created controversy regarding 
whether or not they pose a risk to human life. The mobile 
phone use among children is rapidly increasing nowa-
days. It is a great attraction for children due to various 
games and videos. The radiofrequency waves from the 

mobile phones affect the health in two ways: thermal 
and non-thermal. The thermal or heating effect is due 
to prolonged holding of the mobile phone close the ear 
or body, and the non-thermal effect is due to radiation 
coming from the mobile phone. Mobile phones usually 
emit pulsed high frequency electromagnetic waves that 
can penetrate the skull and affect the brain and inner ear 
[9]. The electromagnetic waves may alter the electrical 
response due to acoustic stimuli. The prolonged and ex-
tensive exposure to microwaves radiating from mobile 
phones affects certain brain functions like electrochem-
istry, electrical activity, blood-brain barrier permeability, 
and the immune system [10]. The mobile phone radiofre-
quency waves are usually concentrated on the tissue near-
er to the handset, which includes the auditory nerve [11]. 
The low-level radiofrequency radiation from the mobile 
phones sometimes gives rise to symptoms like headache, 
an unpleasant burning feeling, or dull ache at the tempo-
ral, occipital, or auricular area [12]. The biological effect 
due to mobile phone use depends on several factors like 
duration of irradiation, individualised nervous system, 
immune system, rate of absorption, and distribution of 
electromagnetic field energy by body tissue [13]. There 
have been reports of sensorineural hearing loss due to 
GSM mobile phone use [14]. Although little is known 
about mobile phones and their biological effect, this study 
shows that a higher degree of hearing loss is seen with 
long-term use of cellular phones. Therefore, it is advisable 
to avoid excess use of mobile phones, particularly among 
children. Mobile phones should be used only for short 
periods and only for important purposes.

Brainstem-evoked response audiometry (BERA) 
usually evaluates the hearing by using a signal averaging 
process and by measuring bioelectric events in response 
to auditory stimuli. The responses in the BERA can be 

TABLE 5. Duration of exposure (years) and sensorineural hearing loss

Years of exposure Sensorineural hearing loss (5-15 dB)

2 years 24%

3 years 29%

TABLE 6. Types of hearing loss in right ear

Types of hearing loss Group I Group II

normal (n = 91) 42 (80.76%) 49 (94.23%)

sensorineural hearing loss 
(n = 13)

10 (19.23%) 3 (5.76%)

χ2 = 4.3077, p = 0.03794

TABLE 7. Types of hearing loss in left ear

Types of hearing loss Group I Group II

normal (n = 94) 44 (84.61%) 52 (100%)

sensorineural hearing loss (n = 8) 8 (15.38%) 0
χ2 = 6.635, p = 0.01
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recorded from the cochlea to the midbrain. These elec-
tric potentials are important tools for measuring hearing 
thresholds and neurological lesions. BERA is also an im-
portant tool for evaluating retro-cochlear lesions. BERA 
and pure tone audiometry are usually used for differen-
tiating cochlear lesions from retro-cochlear pathologies. 
There are some studies regarding other health hazards 
from mobile phones. There is some controversy regard-
ing brain lesions and tumours associated with mobile 
phone use [15]. Mobile phones generate electromagnetic 
radiation that is below the guidelines of the Internation-
al Commission on Non-Ionising Radiation Protection 
(ICNIRP) [16]. The radiofrequencies emitted from mo-
bile phones are not energetic enough to destabilise the 
electron configuration within DNA. So, there is a direct 
link between radiofrequency exposure and genotoxic side 
effects like DNA mutations [16]. This study suggests sev-
eral recommendations for children using mobile phones, 
which are: to set the lowest volume while playing mo-
bile games and phone calls, having a short conversation 
period, using a hands-free device, and choosing mobile 
phones with low electromagnetic field emissions.

CONCLUSIONS

This study does not show any significant correlation 
between mobile phone use and hearing loss among chil-
dren. The children using a mobile phone for more than 
two hours showed mild hearing loss of around 10-15 dB, 
but 0-25 dB hearing loss is taken as normal. Here we 
suggest a long-term follow up study is required among 
the children using prolonged period mobile users. The 
authors suggest mobile phones should be used only for 
short periods and for essential purposes.
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