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Introduction

Hearing loss following head injury is well known since
ancient times. The numbers of road traffic accidents have
increased with minor head injuries being very common and
usually go unreported. Hearing impairment following head
injury can be due to central or peripheral causes, middle ear
or cochlea being the most common site of peripheral injury.
Clinical and animal experimental studies have shown that

there are various sites of pathology ranging from hair cell
damage and degeneration of the organ of corti,1 ischemia of
the eighth nerve to damage of central auditory pathways
(due to compromise of blood supply to the inner ear) either
partly or totally. Hearing loss after minor head injury is often
unnoticed. Available literature is limited in this regard.2–5

Damage to the peripheral auditory structures has long
been recognized as a common component of head injury.
Damage to the peripheral and/or central auditory pathways
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Abstract Introduction Hearing loss following a head injury is common and well known. The
numbers of road traffic accidents have increased recently, with minor head injuries
being very common, and usually go unreported. Hearing loss after a minor head injury
is often unnoticed. Available literature is limited in this regard.
Objective This study was done to assess hearing loss in patients with minor head
injuries and to define its natural history and progression/regression by a serial
assessment of hearing.
Methods This prospective study was done in the Department of Neurosurgery, AIIMS,
Bhubaneshwar, Odisha, India, for a period of 24months to look at the profile of hearing
levels of patients presenting with history suggestive of minor head injury.
Results This study has shown that some form of hearing loss is common after a minor
head injury and should be evaluated in all patients to detect subclinical hearing loss. A
significant number of patients having minimal or a mild degree of hearing loss, if
managed properly, improve to preinjury status. Distortion product oto-acoustic
emission testing should be used as the screening and follow-up tool.
Conclusion This study highlights the importance of hearing assessment in minor-
head-injury patients and the prognosis of recovery as per the severity of hearing loss
and head injury.
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can occur as a primary or secondary insult after head injury.
Primary audiological deficit after head injury can appear not
only as a result of direct trauma to the middle and inner ear,
as in fractures of the base of the skull, but also as a result of
rupture or tearing of central neuronal pathways.
Early secondary injury can result from raised intracranial
pressure secondary to bleeding and hematoma and later in
the course because of diffuse axonal degeneration.6

The risk of hearing impairment as sequelae of head injury
has been demonstrated in several studies.7 There is a rela-
tively high incidence of hearing impairment in the early
recovery phase, even afterminor head injuries. The influence
on hearing seems to be most prominent in the higher
frequencies, especially at 4,000Hz, but the whole frequency
range can be affected.7

Aims and Objectives

This study was done to assess the hearing loss in patients
with minor head injury and to define its natural history and
progression/regression by serial assessment of hearing.

Materials and Methods

This prospective study was done in the Department of
Neurosurgery, AIIMS, Bhubaneswar, Orissa, India. This study
was done for a period of 24 months to look at the profile of
hearing levels of patients presenting with history suggestive
of minor head injury. Institute ethical clearance was taken
(Registration No. T/IM-NF/NS/17/06) to conduct the study.
Patients were recruited in the study based on following
inclusion and exclusion criteria:

Inclusion Criteria

a. All patients with history suggestive of minor head injury
Glasgow coma scale scoring system (GCS) 13 to 15 and
improving.

b. Age between 18 and 60 years.
c. Patients discharged fromward after observation period of

24 hours.
d. History of loss of consciousness of less than 20minute.

Exclusion Criteria

a. Patients with past history of ear disease, previous head
injury, or noise trauma.

b. Patients having family history suggestive of autoimmune
disease and hearing loss.

c. Patients with chronic systemic disease such as diabetes
and renal disease.

Each patient was evaluated and a thorough neurological
examination was done and assigned a score according to
GCS scale.8 A detailed neuro-otological examination was
done. Computed tomographic scan was done to detect skull
fractures and intracranial brain injuries. Routineblood inves-
tigations were done and vital signs were monitored during
the entire observation period.

Patients were specifically asked for symptoms of hearing
loss, tinnitus, and vertigo. Patients were called to audiology
laboratory situated in the ENT department and a detailed
hearing assessment was done, after taking an informed
consent.

Pure tone audiometry (PTA) was done using audiometers.
Audiometers were calibrated daily with subjective calibra-
tions with normal. Hearing thresholds of up to 15 dB across
the frequencies were considered to be as normal. Hearing
loss was graded as minimal (16–25dB), mild (26–40dB),
moderate (41–60dB), severe (61–80dB), and profound
(> 81dB).

Distortion product oto-acoustic emission (DpOAE) testing
was done with the Smart DpOAE package. Results were
graded as ‘pass’ or ‘refer’.

Repeat evaluation was done after a period of 3 and
6 months. A detailed otoneurological evaluation was done
in all three visits and patients were specifically asked for
symptoms of hearing loss, tinnitus, and vertigo.

Results

Data was entered on an Excel spread sheet. Statistical analy-
sis was done using SPSS version 27.0 (SPSS Inc., Chicago,
Illinois, United States). Regression analysis was done to
analyze the data.

Demography: Total 380 patients were recruited in this
study with diagnosis of minor head injury. Age range was
from 18 to 60 years and mean age was 35.9 years. There
were 267 male and 113 female patients (male to female
ratio was 2.3:1) (►Table 1).
Mode of injury: Two-hundred forty (63%) patients were
using twowheelers (148 were drivers and 92 were pillion
riders), 7 were using four wheelers, 17 were pedestrian,
34 were having assault injury, and 82 had history of fall.
Only 21 (8.7%) out of 240 two wheel riding patients were
wearing helmet at the time of injury. Fifty-three (14%)
patientswere under the influence of alcohol at the time of
injury.
Presentation: Most common presenting symptoms were
loss of consciousness (n¼364, 95.7%) followed by ear
bleed (n¼45), nose bleeding (n¼15), and hearing loss
(n¼8, 2%).
Imaging: Noncontrast computed tomography head was
done in all patients and found normal in 240 (63%)
patients and 140 (36.8%) patients had elements of brain
injury with variety of lesions such as fractures, brain
contusions, and extradural or subdural hematomas.
Management: Three-hundred seventy-nine (99.7%)
patients were managed conservatively and only one pa-
tient required surgery for extradural hematoma in this
study.
Audiological Tests:
PTA (►Fig. 1): PTA was done in all patients (n¼380) on
initial presentation. Two-hundred sixty-nine (70.7%)
patients came for second follow-up after 3 months and

Asian Journal of Neurosurgery Vol. 17 No. 4/2022 © 2022. Asian Congress of Neurological Surgeons. All rights reserved.

Hearing Loss in Minor Head Injury Bansal et al.596



195 (51.3%) patients came for third follow-up after
6 months from injury.

On initial PTA (n¼380), normal hearing was present in
237 (62.3%) (right ear) and 244 (64.2%) (left ear) patients,
respectively.Minimal hearing losswas present in 109 (28.6%)
(right ear) and 106 (27.8%) (left ear) patients, mild hearing
loss was present in 28 (7.3%) (right ear) and 23 (6%) (left ear)

patients, moderate hearing loss was present in 5 (1.3%) (right
ear) and 6 (1.5%) (left ear) patients, and severe hearing loss
was present in 1 each in right and left ear. None of the
patients had profound hearing loss on initial presentation.

On second follow-up PTA at 3 months (n¼269), normal
hearing was present in 188 (69.8%) (right ear) and 191 (71%)
(left ear) patients. Minimal hearing loss was present in 62
(23%) (right ear) and 61 (22.6%) (left ear) patients, mild

Table 1 Clinical profile of the patients (n¼380)

Age range (years) 18–60 (mean¼35.9)

Gender Male 267

Female 113

Mode of injury Two wheeler 240 Driver¼ 148

Pillion rider¼ 92

Four wheeler 7

Pedestrian 17

Assault 34

Fall 82

Helmet Using 21

Under influence of alcohol Yes 53

Presenting complaints Loss of consciousness 364

Hearing loss 8

Nose bleeding 15

Ear bleeding 45

NCCT head Normal 240

Abnormal 140

Management Conservative 379

Surgery 1

Abbreviation: NCCT, noncontrast computed tomography.

Fig. 1 Pure tone audiometry (PTA) of the patients. HL, hearing loss.
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hearing losswas present in 18 (6.6%) (right ear) and 15 (5.5%)
(left ear) patients, and moderate hearing loss was present in
1 (right ear) and 2 (left ear) patients. None of the patients had
severe or profound hearing loss on second follow-up.

On third follow-up PTA at 6 months (n¼195), normal
hearing was present in 166 (85.1%) (right ear) and 165
(84.6%) (left ear) patients. Minimal hearing loss was present
in 24 (12.3%) (right ear) and 26 (13.3%) (left ear) patients, mild
hearing loss was present in 4 (2%) (right ear) and 2 (1%) (left
ear)patients, andmoderatehearing losswaspresent in1 (right
ear) and2 (left ear) patients.Noneof thepatients had severe or
profound hearing loss on third follow-up.

DpOAE (►Fig. 2): DpOAE on initial presentationwas done
in all 380 patients and found normal in 369 (97%) (right ear)
and 362 (95.2%) (left ear) and refer in 11 (2.8%) (right ear) and
18 (4.7%) (left ear) patients.

DpOAE on second follow-up (at 3 months) was done in
269 patients and found normal in 261 (97%) (right ear) and
265 (98.5%) (left ear) and refer in 8 (2.9%) (right ear) and 4
(1.4%) (left ear) patients.

DpOAE on third follow-up (at 6 months) was done in 195
patients and found normal in 194 (99.4%) patients each in
right and left ear and refer in 1 each in right and left ear.

In summary, any hearing loss above 50dB is nonservice-
able for the patient and would require rehabilitation. PTA
suggests a significant number of patients having minimal
and mild degree of hearing loss, which if managed properly
improve to preinjury status. However, the patients having
moderate or severe loss might have some persistent issues
specifically related to higher frequencies, which are not
usually monitored in usual scenarios.

DpOAE usually yields a refer result if the hearing loss is
more than 30 dB. Our findings suggest that we have identi-
fied significant loss more proficiently with OAE than PTA.
Major reason is that PTA is a subjective test and OAE an

objective test. The results suggest that DpOAE should be used
as screening and follow-up tool as:

a. It detects significant hearing loss (> 30dB), which has a
potential for nonimprovement.

b. It can be performed even in unco-operative and uncon-
scious patients.

c. It can eliminate false-positive and false-negative results.

Discussion

Road traffic accidents were the most common cause of
minor head injury as seen in most of the studies. Two-
wheeler accidents were found to be the commonest cause of
road traffic accident causing minor head injury in our study,
whereas Browning et al4 reported that assault was the
major etiology causing minor head injury. Hearing loss as
a presenting complaint was found in only 2% of our patients,
which is very less as compared with 10% as reported in
other studies.9

Fitzgerald10 proposed variousmechanisms for the cochle-
ar hearing loss, namely, disruption of the membranous
portion of the cochlea by pressure waves transmitted from
the intracranial cerebrospinal fluid, disturbance in the mi-
crocirculation of the cochlea, and hemorrhage into the fluids
of the cochlea.

Hearing loss can occur for a variety of reasons and
etiologies include damage to peripheral ear structures, dam-
age to the brainstem, and injury to the frontal or temporal
lobes. Hearing loss can be conductive, sensorineural, or
mixed. PTA assesses the type (conductive, sensorineural or
mixed) and degree of hearing loss. DpOAE reflect outer hair
cell integrity and cochlear function.

The incidence of hearing loss in our study was 38%, which
is less as compared with other study by Griffith11 (56%) and
males being most affected.

Fig. 2 Distortion product otoacoustic emission (DpOAE) of the patients.
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Audiogram is a useful subjective screening tool for sus-
pected hearing loss in head injury patients. Early detection
and rehabilitation are possible with the help of audiogram
and it proves to be cost-effective.

Severe the hearing loss, poorer was the prognosis.
The degree of hearing loss determined the outcome, and it
was found in our study that patients who had moderate-to-
severe hearing loss at the time of injury had a poorer
prognosis.

Conclusion

This study has shown that some form of hearing loss is
common after minor head injury and it should be evaluated
in all patients to detect subclinical hearing loss. A significant
number of patients having minimal and mild degree of
hearing loss, which if managed properly, improve to prein-
jury status. DpOAE testing should be used as screening and
follow-up tool. This study highlights the importance of
hearing assessment in minor head injury patients and prog-
nosis of recovery as per severity of hearing loss and head
injury.
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