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Abstract

Mobile phones are the necessity in modern life. The exposure to electromagnetic field emitted by mobile
telephones is increasing rapidly that causes side effects, which may be thermal and non-thermal side effects. Thirty
non-user participants and sixty user participants (who use mobile phones for more than 1 hour for more than 2
years) were included in the study. Users participants were further sub-divided into Group A (which use mobile
phones for more than 1 hours for more than 2 years but less than 5 years) and Group B (who use mobile phones for
more than 1 hours for more than 5 years). Auditory status of the subjects was assessed by Brainstem Evoked
Response Audiometry (BERA). Latencies of waves I, III, V and inter-peak latency of I-V were recorded in users and
non-users. There was a significant change in the latencies of BERA potentials of wave I and III in users compared to
non-users. These changes suggest that radiations emitted from mobile phone causes damage to inner ear, cochlea
and may be outer hair cells of inner ear. These results show that electromagnetic frequencies of mobile phone cause
some damage to ear and auditory pathway. The study shows that mobile phones have a detrimental effect on the
human auditory system.
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Introduction
Mobile phones have become a necessity in human day to day life.

Mobile phones are regarded as a pivotal instrument for an individual to
remain informed and connected with the outside world. Mobile
phones are used to make and receive calls, which in turn receive and
emit electromagnetic radiation [1]. These electromagnetic radiations
are absorbed by the body. These radiations are proven to be harmful to
different organ systems of human body. More so, the amount of
damage is directly proportional to the amount of exposure to these
radiations. The exposure to electromagnetic radiations causes side
effects, including thermal and non-thermal side effects. Sensations of
burning or warmth around the ear [2], headache [3], disturbance of
sleep [4], alteration of cognitive functions and neural activity [5,6], as
well as alteration in the blood-brain barrier and a change in the
regional cerebral blood flow have been reported as effects resulting
from mobile phone usage [7,8]. Ill effects of electromagnetic radiations
on humans are rightly assumed as the matter of serious public health
concern. Therefore, any detrimental biological effect(s) related to
mobile phone use should be considered as a high-priority health issue
and a potential matter of scientific discussion.

Needless to mention, due to the close proximity of mobile phones to
the ear, there can be potential damage to the auditory functions [9].

To evaluate the functional status of auditory nerve and brainstem
auditory sensory pathway, Brainstem Evoked Audiometry Response
(BERA) is a simple and effective technique. It is a non-invasive and
reproducible method that is easy to administer and requires minimal
co-operation of the patient and measures the specific relevant

functions of the auditory pathway. Besides, it is not significantly
affected by the state of consciousness, drugs and a variety of
environmental factors including other sensory inputs to the cortex
[10]. BERA is therefore widely used as an objective diagnostic tool in
modern neurophysiology in this context. The electrical responses from
BERA include several waves which in turn reflect the neural
conduction velocity at corresponding levels of the auditory brainstem.

Also, there is very limited data available about the effect of long
term use of mobile phones on ears and its assessment by BERA. Thus,
this study is aimed and designed to bridge the existing knowledge gaps
and investigate the practical utility of BERA in the assessment of
impact of mobile phone usage on auditory function.

Material and Methods
Sixty participants (mobile phone users) and thirty participants

(non-users) were recruited for the study. The users were asked about
the use of mobile phones by right ear or left ear. Most of the users
reported use of only one ear throughout the call, consistently. Those
users who reported equal use of both ears were excluded from the
study. Though the number of users and non-users in the study is
unequal but the total number of radiation exposed ears and total
number of unexposed ears (two ears per non-user) is equal. As non-
user participants have not used mobile phone from any ear.

User group: Sixty healthy participants of age group 18-40 years were
taken in this group. They were further divided into two sub groups.
They were as under:

Group A: Thirty participants using mobile phone for more than two
years but less than five years and for more than one hour per day.
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Group B: Thirty participants using mobile phone for more than five
years and for more than one hour per day were included in this group.

Non-user group: Thirty participants who were not currently using
mobile phones OR only seldom used mobile phones, i.e., less than 10
min per day for less than one year were grouped in non-user group.

User participants were recruited from among males and females in
the age group of 18-40 years. The user participants were adults in the
specified age groups using mobile phones for not less than two years
duration. The participants chosen had good general health without any
known medical conditions or any significant past medical (diabetes
and hypertension) or psychiatric history. There was no history of
otalgia, discharging ear, ear surgery, any history or diagnosis of head
and neck tumour(s) or any other known otological diagnosis. There
was no history of prolonged usage of ototoxic drugs among them.

Non-user participants chosen were age matched with the above
mentioned inclusion criteria. The non-user participants also had no
significant medical history and were free from any clinically apparent
ear complaint(s).

The information regarding the use of handsfree devices, duration of
use and exposure time per day, use of which ear predominantly (left
ear or right ear) and medical and/or otological morbidities were
recorded. Duration for which handsfree set was used was deducted
from the total duration of usage. Eligible subjects fulfilling the
inclusion criteria were then subject to BERA.

BERA was performed by NEUROPERFECT apparatus by
MEDICAID INDIA (Chandigarh). BERA was performed on the
dominant ear using the vertical montage electrode on high forehead
(positive electrode). The mastoid process was chosen for reference
right and left electrodes and low forehead region served as the site for
the ground electrode.

BERA was done only in the dominant ear (ear with which people
used to talk over mobile phone for most of the time) among user
group. In the non-user group, testing was done in both the ears, as they
have not used mobile phones from either ear.

BERA was done at 70 dB frequencies and 2000 clicks (alternating
type) were given and average of all the clicks recorded. Each reading
was recorded twice for reproducibility and to minimize artefacts in the
recording. The stimulus type was clicks with a repetition rate of 11.6/s.

Peak ABR latencies (I, III and V) were recorded and inter-peak
interval I-V was calculated digitally [11-13].

Informed consent of each participant was taken prior to the study.
Clearance was taken from the institutional ethical committee.

Data Analysis
Data analysis was done using the SPSS software version 22.0. BERA

waves and inter-peak latencies in users and non-users were compared
using the Student Paired t-test. Probability (p) value of less than 0.05
was considered statistically significant.

Results
Comparison between the age of non-users and all users (group A

+group B) shown in Tables 1-4.

 
Non-
users

Users
(Total)

Users group
A

Users group
B

No. of individuals 30 60 30 30

Average Age (in
years) 26.1 ± 4.7 25.7 ± 3.9 24.8 ± 3.8 26.6 ± 3.7

Table 1: Depicts the baseline characteristics of users and non-users.
The average ages of users (25.7+3.9 years) and non-users (26+4.7
years) were largely comparable. The average age of users in group A
was 24.8+3.8 years and that in group B was 26.6+3.7 years.

Parameter Non-users Users (Group A+Group B) P value

Wave I 1.521 ± 0.185 1.602 ± 0.226 <0.05

Wave III 3.745 ± 0.216 3.842 ± 0.264 <0.05

Wave V 5.623 ± 0.218 5.681 ± 0.291 >0.05

IPL I-V 4.102 ± 0.310 4.079 ± 0.287 >0.05

Sample size 60 60

Table 2: Comparison between the results of BERA at 70 dB between
non-users and total users (Group A+Group B).

It shows a significant prolongation of latencies of wave I and wave
III of total users (Group A+Group B) in comparison to non-users
(p<0.05). Latency of waves V and inter-peak latency I-V did not show
significant statistical difference in comparison to non-users (p>0.05).

Parameter Non-users User Group A P value

Wave I 1.521 ± 0.185 1.594 ± 0.235 >0.05

Wave III 3.745 ± 0.216 3.836 ± 0.297 >0.05

Wave V 5.623 ± 0.218 5.666 ± 0.284 >0.05

IPL I-V 4.102 ± 0.310 4.072 ± 0.276 >0.05

Sample size 60 30

Table 3: Comparison of results of BERA at 70 dB between non-users
and user group A.

This table depicts the latencies of waves I, wave III and wave V.
Inter-peak latency I-V did not reveal any significant statistical
difference in users as comparison to non-users (p>0.05).

Parameter Non-users User Group B P value

Wave I 1.521 ± 0.185 1.610 ± 0.219 <0.05

Wave III 3.745 ± 0.216 3.849 ± 0.233 <0.05

Wave V 5.623 ± 0.218 5.697 ± 0.301 >0.05

IPL I-V 4.102 ± 0.310 4.086 ± 0.302 >0.05

Sample size 60 30

Table 4: Comparison of results of BERA at 70 dB between non-users
and user group B.
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This table shows statistically significant prolongation of latencies of
wave I and wave III of users Group A in comparison to non-users
(p<0.05). Latency of waves V and inter-peak latency I-V however did
not show any statistically significant difference in comparison to non-
users (p<0.05).

Discussion
Mobile phones have become a part of modern life style. There has

been a rapid boom in the number of mobile phones in the recent
decade. This rapid worldwide expansion of mobile telephones raises
questions regarding possible effects of the emitted radiofrequencies on
the health of the consumers.

Brain stem evoked response audiometry or BERA is an important
non-invasive technique to access the functioning of auditory pathway.
As the assessment of brainstem function is difficult by other
conventional techniques. It encompasses diagnosis of lesion ranging
from VIII cranial nerve to the auditory cortex and is based upon the
study of electrical potentials generated by the auditory pathway in
response to external stimuli by means of surface electrodes over scalp.

In the present study, comparing the latencies of wave I, III, V and
interpeak latency of I-V of non-users (n=60) to total users (n=60), it
was observed that latencies of wave I and wave III were significantly
increased in total users, and attained statistical significance.

The latencies of wave I, III, V and interpeak latency of I-V of non-
users (n=60), when compared to user group A (n=30). It was observed
that none of the parameters were increased to the extent to exhibit
statistically significance in users group A.

While comparing the latencies of the non-users (n=60) and user
group B (n=30), latencies of wave I, III, V and interpeak latency of I-V,
it was seen that latencies of wave I and wave III were significantly
increased in users. The same assumed statistical significance.

Oktay MF et al. [14] studied the effects of mobile phones on hearing
by pure tone audiometry and brainstem evoked audiometry response.
Interpeak latencies of I-V, I-III, III-V were studied. No significant
difference was reported in the interpeak latencies in users and non-
users in their study.

Davidson et al. [15] studied the effects of chronic mobile phone
usage on hearing, and reported that there is no harmful effect of
mobile phone usage on their audiovestibular systems within the range
of exposure of the study.

Counter et al. [16] investigated the effect of long-term transcranial
electromagnetic stimulation on the auditory brainstem and cortical
evoked responses over a period of 12 months in rabbits. The difference
in the amplitude and the latency of wave III was observed. The
amplitude and latency of the other waves showed no significant
changes before and after exposure. Subsequent histological
examination of the cochlear nucleus and inferior bigeminal bodies
revealed no structural and morphological changes.

Kellenyi et al. [17] reported that pulsed EMF emitted by a cellular
phone for 15 min caused a 0.2 ms delay in the wave V of ABR.

Kaprana et al. [18] studied the time related changes in auditory
pathway during mobile phone electromagnetic exposure in rabbits. In
their study they reported that absolute latency of wave III, and
interpeak latencies of I-V and III-V were significantly prolonged after
exposure to electromagnetic frequencies in a time dependent manner.

Shilpakhullar et al. [19] studied the effects of electromagnetic
frequencies generated by mobile phones (GSM) on auditory brainstem
response. They reported that latencies of wave I to V as well as
interpeak latency of wave I-V, I-III and III-V were significantly
increased in individuals using mobile phones for 30 min/day for 10
years.

In many studies it has been shown that short term exposure to
electromagnetic frequencies (few minutes) did not prolong the
latencies of waves of ABR.

In our study, we found significantly increased latencies of wave I
and III in total users and in Group B. Different waves of BERA
correspond to different parts of auditory pathway. Latency of Wave I is
increased when there is damage to auditory nerve or there is a cochlear
pathology. Electromagnetic frequencies of mobile phones cause
damage to nerves [20]. Since, auditory nerve is closest to
electromagnetic field of mobile phone; it is the most likely nerve to be
damaged. Therefore, damage to the auditory nerve due to EMF could
possibly be the reason behind increased latency of wave I.

Electromagnetic frequencies emitted from mobile phones causes
increased incidence of brain tumour and acoustic neuroma [21]. There
is significant increase in occurrence of acoustic neuroma in persons
using mobile phones for more than 10 years [22]. In our study, there
was an increased latency of Wave III in total users and in user Group
B. Wave III originates from cochlear nucleus, which is present at
cerebellopontine angle. EMF are also known to cause acoustic tumour
in persons using cell phones for more than 10 years, and most
common site for acoustic neuroma is cerebellopontine angle. This may
be the reason, due to location [23] the neuron tissue damage that
occurs is due to exposure to electromagnetic frequency of mobile
phones. Also, the same may be the reason for increased latency of wave
III, much before the damage is enough to cause the tumour.

Conclusion
On comparison between latencies of BERA in total user ears (n=60)

and non-user ears (n=60), a significant increase in the latencies of the
wave I and wave III was observed. Similar results were seen when
Group B users were compared to non-users. Group A had no
significant change in latency of any the wave. The results show that
there is definite damage to neurons exposed to electromagnetic
radiations. Thus from this study we conclude that, electromagnetic
radiations of mobile phones have detrimental effects on human
auditory functioning. Further, the damage to the ear is proportional to
the amount of exposure.

However, amount of damage and safety limit for use of mobile
phones cannot be effectively extrapolated from this study alone and
future prospective research in required to define the safe hours of use
and to reduce the emissions of these radiations from mobile phones.
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