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ABSTRACT

This article reviews the auditory consequences of mild trau-
matic brain injury (mTBI) within the context of the International
Classification of Functioning, Disability and Health (ICF). Because of
growing awareness of mTBI as a public health concern and the diverse
and heterogeneous nature of the individual consequences, it is impor-
tant to provide audiologists and other health care providers with a better
understanding of potential implications in the assessment of levels of
function and disability for individual interdisciplinary remediation
planning. In consideration of body structures and function, the mech-
anisms of injury that may result in peripheral or central auditory
dysfunction in mTBI are reviewed, along with a broader scope of
effects of injury to the brain. The activity limitations and participation
restrictions that may affect assessment and management in the context
of an individual’s personal factors and their environment are considered.
Finally, a review of management strategies for mTBI from an audio-
logical perspective as part of a multidisciplinary team is included.
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Learning Outcomes: As a result of this activity, the participant will be able to (1) identify the auditory

structures and related functions that may be involved in mild traumatic brain injury and (2) list three ways in
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which assessment and management of auditory dysfunction may be impacted for an individual in the global

context of mild traumatic brain injury.

Awareness of the scope of the public
health problem posed by traumatic brain injury
(TBI) has grown over the last several years. In
particular, it has become apparent that the
consequences of mild traumatic brain injury
(mTBI) are not at all mild for large proportion
of patients, causing serious and lasting func-
tional problems. These problems are numerous
and diverse, due to both unique characteristics
of the injury and the wide range of preinjury
individual factors that may contribute to recov-
ery. The clinical heterogeneity of mTBI there-
fore requires individualized approaches as well
as interprofessional practice collaboration for
complete functional assessment and rehabilita-
tion. Because auditory consequences are not
uncommon in mTBI, audiology is one of the
professions that should be involved in the
process.

In 2010, the Centers for Disease Control
and Prevention estimated that there were �2.5
million emergency department visits, hospital-
izations, and deaths in the United States due to
TBI.1 These numbers do not include an addi-
tional 5.6 million estimated over the years 2000
to 2011 from active service members in all
branches of the military diagnosed with a
TBI.2 mTBI accounts for at least 75% of these
known injuries.3 Although the majority recover
quickly and fully from mTBI, symptoms of
mTBI can persist for months or years for a
clinically significant minority of between 1 and
20% of mTBIs.4–7 The set of long-term symp-
toms is generally termed postconcussion syn-
drome, but a lack of definition or diagnostic
criteria make it difficult to estimate the actual
prevalence. There is growing recognition that
for this “miserable minority,”8 mTBI sustained
in sports, combat, accidents, and falls and by
other mechanisms has deleterious effects that
may not be immediately apparent or predict-
able, but can substantially alter an individual’s
life.

The World Health Organization (WHO)
task force defines mTBI as an acute brain injury
resulting from mechanical energy to the head
from external physical forces.9 The designation

“mild” requires a Glasgow Coma Scale score of
13 to 15 after 30 minutes postinjury and one or
more of the following: confusion or disorienta-
tion, loss of consciousness for 30 minutes or
less, posttraumatic amnesia for less than 24
hours, and/or other transient neurologic abnor-
malities such as focal signs, seizure, and intra-
cranial lesion not requiring surgery.10 The
terms mild traumatic brain injury and concussion
are generally used interchangeably, with con-
cussion being the more common term in sports.
It can be difficult to diagnose mTBI, due to lack
of witnesses to the event and/or the individual’s
own awareness of they were unconscious or for
how long. Focal neurologic deficits may not be
apparent on any medical testing, including
standard medical imaging. Therefore, it is often
the case that evidence of mTBI may come from
symptoms (physical, cognitive, and behavioral)
that alone or in combination may produce
functional disability.

A growing body of research suggests that
auditory problems are among the wide range of
clinical manifestations of mTBI. The effects of
hearing and auditory dysfunction on the lives of
individuals with mTBI need to be considered
and awareness of the functional consequences
more widely known by audiologists as well as
referring professionals to address all domains of
functional health. The WHO’s International
Classification of Functioning, Disability and
Health (ICF) provides a framework to consider
the assessment and management needs of the
mTBI population across domains to better
identify individual needs and goals. The audi-
tory, cognitive, emotional, and behavioral sys-
tems all need to be integrated in considering the
specific needs for this group of individuals in
planning a multidisciplinary comprehensive re-
habilitation plan.

The ICF stresses health and functioning,
rather than disability and limitations. The
model consists of two main parts. Functioning
and disability includes the components of (1)
body structures and physiological functions and
(2) activities and participation, and contextual
factors are divided into environmental and
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personal factors. Comprehensive management
of an individual with mTBI and related audi-
tory dysfunction includes consideration of all of
these components. A summary of some of the
key components of this model relevant to the
auditory consequences of mTBI is shown
in Table 1. This review will begin with consid-
eration of the ICF model components of func-
tioning and disability, then consider assessment
and management of the audiological conse-
quences of mTBI within this framework.

BODY STRUCTURES AND
FUNCTIONS
When the head is struck, the soft tissues of the
brain may sustain injury against the bony and
sharp ridges of the skull. Due to skull morpholo-
gy, the frontal and temporal lobe areas are
particularly vulnerable to this type of damage.
In addition, the brain also may accelerate toward
and strike the opposite side of the skull from the
impact. Both types of impact, called coup and
contrecoup, respectively, may happen in the same
injury and alsomay occur without impact (such as
in whiplash). These types of primary damage can
include skull fractures, contusions or bruising,
hematoma, laceration, and shearing or tearing
of nerve fibers. Specific to the auditory system,
focal and direct damage due to an impact or blast
to the temporal bone could cause fracture and
impact damage to the external, middle, and inner
ear. Impact of the brain against bony ridges of the
temporal bone can directly affect the primary
auditory cortex.11 In addition to effects on the
bottom-up auditory processing pathway, it is also
important to consider that brain structures in the
vulnerable frontal and temporal lobes involved in
cognition, attention, and memory are likely to
have top-down influences on the brain’s ability to
process auditory information.

Diffuse axonal injury (DAI) is one themost
common injuries, even in mild traumatic brain
injury, caused by the acceleration forces and
sliding of tissues against each other leading to
shearing damage to axons and swelling. Even-
tually the swelling may lead to axonal rupture,
secondary swelling, and even axonal disconnec-
tion and the formation of retraction bulbs.
Adjoining neurons then become depolarized
eventually leading to excitotoxicity and cell

death. DAI occurs most frequently in motor
vehicle accidents and following blows to the
unsupported head, due to acceleration and
deceleration within the skull. The damage is
often most severe along midline structures
including the corpus callosum and brainstem
and at the cortex–white matter junction and
increases with the severity of injury. The audi-
tory brainstem nuclei are vulnerable to this type
of injury, particularly in acceleration–decelera-
tion and rotational injuries andDAIwhenmore
shearing may occur in this area.12 In nondirect
secondary effects, auditory areas have been
suggested to be more susceptible to effects of
anoxia and ischemia than other brain areas.13–15

There is also some reported evidence that genes
thought involved in age- or noise-related hear-
ing loss may be altered after blast-induced TBI
according to animal models, along with signifi-
cant alterations in the auditory cortex.16

The body structures and functions there-
fore that must be considered relative to auditory
consequences of mTBI include structures of the
brain and nervous system in general and spe-
cifically those within the auditory pathway.
Shown in Table 1 are relevant ICF classifica-
tions that exist in the model for structures of the
nervous system (s1) and the eye, ear, and related
structures (s2, i.e., the sensory structures). The
related functions of the ICF model on the right
side of the table include mental functions (b1)
and sensory functions and pain (b2).

CONSIDERATIONS FOR
ASSESSMENT OF AUDITORY
STRUCTURES AND FUNCTION IN
MILD TRAUMATIC BRAIN INJURY

Hearing, Tinnitus, and Dizziness

With the exception of temporal bone fracture,
manymild closed head injuries may not result in
peripheral hearing loss affecting clinical audio-
metric measures of sound detection and word
recognition in quiet. Blast-associated mTBI
injuries, however, may result in damage to the
external, middle, and inner ear due to both noise
exposure and the pressure of the blast wave.
Although some studies have reported a preva-
lence of peripheral hearing loss of as high as
56% immediately following all severities of
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Table 1 Examples of Components of the ICF Model Related to Auditory Consequences of mTBI

Body Structures and Functions

Structure: Function:

Structure of the Nervous System (s1)

• Structure of the brain (s110): cortical lobes,

midbrain, brainstem, cranial nerves

Mental Functions (b1)

• Global mental functions (b110-b139):

intellectual, sleep, consciousness, per-

sonality, etc.

• Specific mental functions (b140-189):

attention, memory, perceptual, higher-

level cognitive functions, mental func-

tions of language

The Eye, Ear and Related Structures (s2)

• Structure of the external ear (s240)

• Structure of middle ear (s250): tympanic

membrane, ossicles, Eustachian tube

• Structure of inner ear (s260): cochlea,

vestibular labyrinth, semicircular canals, in-

ternal auditory meatus

Sensory Functions and Pain (b2)

• Hearing functions (b230): detection, dis-

crimination, localization, speech recognition

• Vestibular functions (b235): position bal-

ance, movement

• Sensations (b240): tinnitus, dizziness, fall-

ing, aural pressure, irritation of the ear

Activities and Participation

Learning and applying knowledge (d1): focusing attention (d160), reading (d166), writing

(d170)

General tasks and demands (d2): undertaking simple or complex task (d210),

multiple tasks (d220), daily routine (d230)

Communication (d3): understanding speech (especially in noise) (d310), conversation (d350),

using communication devices and techniques (d360)

Mobility (d4): hand and arm use (d440, 445), walking (d450), moving around (d455),

transportation and driving (d470, 475)

Self-care (d5): caring for body, dressing, etc. (d510, 520, 540), looking after one's health

(d570)

Domestic life (d6): acquisition of services (d620)

Interpersonal interactions and relationships (d7): complex interpersonal interactions (d720),

family relationships (d760)

Major life areas (d8): aspects of employment (d845, 850), education (d820)

Community, social and civic life (d9): community life (d910), recreation and leisure (d920)

Environmental Factors

Products and Technology (e1): assistive products and technology for personal use,

communication, education, and employment (e115, 125, 130, 135)

Natural environment and human-made changes to environment (e2): light (e240), sound

(e250)

Support and relationships (e3): immediate family (e310), friends (e320), health and other

professionals (e355, 360)

Attitudes (e4): attitudes of immediate family (e410), peers and colleagues (e425), health

professionals (e450), societal attitudes (e460)

Services, systems and policies (e5): communication services (e535), health services (e580),

education and training (e585)

Personal Factors

Gender

Age

Coping styles

Education

Profession

Social background

Past and current experience

Overall behavior patterns

Abbreviations: ICF, International Classification of Functioning, Disability and Health; mTBI, mild traumatic brain injury.
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TBI, the incidence appears to decrease to 14.5
to 33% during the initial recovery period.17–21

For mTBI, permanent sensorineural hearing
loss is reported much less commonly than for
more severe injuries.22,23 Although peripheral
hearing loss is not uncommon following mTBI,
studies from both civilian and military popula-
tions have shown that many individuals have
normal or near-normal audiograms in the long-
term following mTBI.23,24

Tinnitus is an extremely common symptom
following mTBI, either as a direct result of the
injury or related to medications used to treat the
symptoms of pain, headache, and emotional and
cognitive problems. Functionally, tinnitus may be
a particularly problematic symptom because of
effects on concentration, sleep, irritability, and
nervousness already common in individuals after
TBI. Several studies have shown that individuals
with TBI-induced tinnitus rated their tinnitus as
being more severe and distressing than those with
non–head injury-related tinnitus.25–27 Dizziness
and loss of balance are also among the most
common symptoms following mTBI. Persistent
long-term dizziness after mTBI has been esti-
mated to occur from as low as 1.2% at 6months to
up to 32.5% at 5 years.19,28,29 Balance problems,
dizziness, and double vision have been reported in
43 to 77% of postconcussion cases in the sports
literature,30–33 and veterans with mTBI have
significantly more vestibular symptoms relative
to veterans with no mTBI.34 Blast-exposed ser-
vice members with primary blast mTBI may have
different patterns of dizziness and even more
frequent long-term problems, with up to �84%
of patients presenting with chronic vestibular
consequences.35,36

As peripheral hearing loss, tinnitus, and
dizziness all can be significantly disabling func-
tional problems, a full audiological assessment
is warranted for any individuals with specific
symptoms as well as those with multiple ongo-
ing postconcussion complaints in general.

Electrophysiologic Evaluation and

Evidence of Central Auditory

Dysfunction

Some individuals with mTBI may be difficult to
test behaviorally due to other cognitive and
emotional factors. In some cases, objective assess-

ment, such as auditory brainstem response (ABR)
thresholds and otoacoustic emissions, may be
used to provide additional diagnostic information
of hearing abilities. Auditory evoked potentials,
although not able to pinpoint damage and dys-
function within the central auditory system, may
offer some insight into dysfunction at different
levels of the auditory processing pathway includ-
ing the brainstem and the auditory cortex.

Several studies have used auditory evoked
potentials to evaluate the central auditory system
inTBI, although few of these have been restricted
tomTBI.At the brainstem level,more severeTBI
injuries have commonly been shown to have
abnormal click-evoked ABR responses37–41;
however, significant ABR changes have not al-
ways been observed in milder injuries.42,43 A few
published studies have shown prolonged inter-
peak latencies in individuals with mTBI.44–47 In
recent research, Gallun et al found that click-
evokedABRs in a groupof blast-exposed subjects,
some of whom were diagnosed with mTBI (19/
55), did not differ from those of normal control
participants.48 Vander Werff and Rieger found
similar results in a study of 32 civilian participants
with mTBI at a whole-group level; however,
when those participants with mTBI who had
evidence of abnormal central auditory processing
by behavioral evaluation were analyzed separately,
there was evidence of delayed ABR latencies for
both the click- and speech-evoked ABRs.49

Therefore, although not all individuals will have
evidence of abnormal brainstem auditory process-
ing, it appears that some do and this can affect
their functional auditory abilities.

At the cortical and cognitive levels of the
central auditory pathway, few studies have
looked at later obligatory, sensory responses
such as the cortical auditory evoked potential
(or the long latency response) but a great
number of studies used cognitive processing
potentials such as the P3. Results from auditory
P3 studies that have included individuals with
mTBI have also been mixed, with some studies
showing that P3 results do not differentiate
between mTBI and control groups,50–52 but
others have demonstrated significant changes
in P3 latency and/or amplitude in groups with
mTBI.53–56 There is considerable variability in
patient and injury demographics as well as in
methodology of the P3 studies, which may
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contribute to whether group differences are
found. More complex paradigms than the tra-
ditional auditory oddball task may be more
sensitive to detect subtle differences after
mTBI.57,58 Recent research from both Gallun
et al and Vander Werff and Rieger has shown
electrophysiologic evidence of auditory process-
ing changes at the sensory cortical (long latency
response, or cortical auditory evoked potential)
and cognitive levels (auditory P3) in individuals
withmTBI, whether by blast injury or in civilian
populations with nonblast mTBI.48,59

The heterogeneity of the mTBI popula-
tion, including factors such as the specific
nature of injury and preinjury interindividual
factors, makes the lack of consensus across
studies regarding group differences in central
auditory pathology unsurprising. However, it is
apparent that central auditory neural abnormal-
ities are not uncommon consequences for indi-
viduals following mTBI.

Behavioral Evaluation of Central

Auditory Dysfunction in Mild

Traumatic Brain Injury

The functional outcome of pathology in the
central auditory system typically relates diffi-
culty with auditory behaviors of sound localiza-
tion and lateralization, auditory discrimination,
pattern recognition, temporal aspects of audi-
tion, and performance in the presence of com-
peting acoustic signals and degraded signals.
Though limited, existing research suggests that
somewhere between 16 and over 50% of indi-
viduals who sustain TBI have some evidence of
central auditory dysfunction using behavioral
test measures.18,60–63

Most of these studies were not specific to
mTBI, and the participant demographics and
outcome measures used across studies are highly
variable. More recently, Turgeon et al studied a
small group of athletes with concussion/mTBI
using a battery that included assessments of tone
pattern recognition, identification of synthetic
sentences in competing noise, and dichotic lis-
tening ability.64 Five of the eight athletes who
had experienced at least one concussion had
deficits for one or more of the auditory process-
ing tests. In a military population, blast-exposed
participants in the recent Gallun et al study were

found to perform abnormally at significantly
higher than chance rates on several tests includ-
ing gap detection in noise, masking level differ-
ence, and dichotic listening.48 Although only a
portion of their subjects were diagnosed with
mTBI, the authors found no significant correla-
tion between diagnosis of blast exposure with or
without mTBI and the number of abnormal
auditory behavioral tests. Similarly, Saunders et al
reported that blast-exposed veterans with clini-
cally normal hearing as a group had measurably
decreased performance on some, but not all,
measures of auditory performance including
speech understanding in noise, binaural process-
ing, temporal resolution, and speech segrega-
tion.65 In a civilian population (no blast
exposure), we also found significant group differ-
ences by both raw score and rate of abnormal
performance between uninjured controls and
participants with mTBI on auditory behavioral
evaluations including speech recognition in noise,
time-compressed speech, gaps in noise, and dich-
otic listening.59 These recent studies provide
evidence that even mTBI, whether nonblast or
blast induced, can result in specific central audi-
tory processing dysfunction in a significant pro-
portion of individuals postinjury.48,59,64,65

The diagnostic term central auditory process-
ing disorder is not used here, and caution in its use
has been recommended,66 because it is unlikely
that TBI results in damage only to auditory-
specific centers in the brain. However, knowing
about central auditory manifestations of mTBI is
an important part of the evaluation and treatment
planning process for audiologists as part of a
multidisciplinary team. Although there is no
standard battery of tests to thoroughly diagnose
central auditory problems in mTBI, a measure of
speech in noise, a measure of temporal resolution,
and dichotic listening/speech segregation might
be minimum items to include.

Self-Report of Functional Hearing

Problems and Considerations for

Assessment

There are many self-report scales and checklists
for concussion symptom measurement in use in
sports, U.S. Department of Veterans Affairs
(VA)/military, neuropsychology, and other clini-
cal settings seeing individuals with known or
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suspected mTBI. These scales generally assess
many of the common physical (e.g., headache,
dizziness, nausea), cognitive (e.g., difficulty con-
centrating, slowed thinking), and emotional (e.g.,
irritability, anxiety, depression) postconcussion
symptoms. Depression, for instance, is very com-
mon after concussion, affecting quality of life and
recovery.67,68 Posttraumatic stress disorder
(PTSD) also commonly coexists with mTBI,
particularly in the military/VA population.69,70

In a study of chronic postconcussion symptoms in
Operation Enduring Freedom/Operation Iraqi
Freedom veterans, Verfaellie et al reported that
participants endorsed considerable limitations on
a comprehensive health-related quality-of-life
measure, particularly in psychosocial domains,
and that the impact of PTSD and depression
was seen across physical, cognitive, and emotional
symptoms.71

Functional hearing and central auditory
problems have not often been reported in a
systematic way in the mTBI population. Post-
concussion questionnaires often include questions
about tinnitus, dizziness, and sensitivity to sound
among their physical symptoms. Saunders et al
included a Functional Hearing Questionnaire
(FHQ) developed by the authors and the Speech,
Spatial and Qualities Questionnaire (SSQ) to
assess the listening problems of veterans with
mTBI and normal or near-normal audio-
grams.65,72 They found that understanding
speech in noise was the most common problem,
with over 75% of participants reporting problems
in the area. Other challenging items included
difficulty following long conversations, difficulty
understanding fast speech, and difficulty on the
telephone. SSQ scores for the participants with
mTBI when compared with data from other
published studies indicated listening problems
similar in magnitude to those of older adults
with hearing loss and worse than those of young
or older normal-hearing adult studies.72,73 Using
a similar auditory symptom questionnaire (a
modified, unpublished version of the FHQ con-
taining 12 items) in our study of civilians,74 we
found that those with mTBI endorsed a high
number of both auditory and postconcussion
symptoms. The mTBI group scored higher
than the control group on each of the 12 ques-
tions, and the average score for 7 of 12 questions
indicated that the majority of symptoms were

experienced “sometimes” or “all the time.” Similar
to the Saunders et al study, increased sensitivity to
loud sound, difficulty hearing in noise, and
difficulty understanding rapid or muffled speech
were among the most reported problems.65 Two
other commonly indicated problems by the sub-
jects with mTBI on this version of the question-
naire were difficulties paying attention when
people talk and difficulty memorizing informa-
tion obtained by listening. These itemsmay relate
more directly to cognitive top-down function
than auditory processing. Overall, scores on the
auditory questionnaire were fairly strongly corre-
lated with those on other postconcussion symp-
tom questionnaires including the Rivermead
Post-Concussion Symptoms Questionnaire
(r ¼ 0.79),75 the Beck Depression Inventory
(r ¼ 0.64),76 and the Fatigue Severity Scale
(r ¼ 0.70).77 The more symptoms the person
reports overall, the more he or she also reports
what are considered auditory symptoms.

Self-report measures of functional hearing
and auditory processing problems are recom-
mended for use with patients with mTBI,
although there are no standardized measures
specific to this population. However, measures
such as the FHQ reported by Saunders et al and
other measures of handicap commonly used in
audiology for hearing-impaired individuals, el-
derly individuals, and those with auditory proc-
essing problems may be useful in assessing the
individual functional auditory problems experi-
enced by this population.65 The Hearing
Handicap Inventory for the Elderly,78 Hearing
Handicap Inventory for Adults,79,80 SSQ,72 or
other measures may be utilized along with
thorough case history to assess the functional
problems that may not be obvious when looking
at the pure tone audiogram and speech recog-
nition in quiet alone. The Tinnitus Handicap
Inventory and Dizziness Handicap Inventory
may be valuable tools for the audiologist to use
in planning remediation and referrals.81,82

General Assessment Considerations

for Audiologists Working with

Individuals with Mild Traumatic Brain

Injury

Some of the reported auditory problems may be
related to or exacerbated by emotional and
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cognitive symptoms and problems. It is clear
that mTBI is frequently associated with cogni-
tive problems such as reduced processing speed
and deficits in attention, orientation, executive
function, and language, which would affect an
individual’s ability to process auditory informa-
tion, as well as other modalities. It is important
for audiologists to take into consideration the
more global deficits that may contribute to or
make it difficult to accurately measure auditory
function. For instance, problems with atten-
tion, memory, and executive functioning may
make it difficult for individuals with mTBI to
complete portions of auditory testing, particu-
larly some of the more complex central auditory
tasks. Neuropsychologists may have completed
a host of tests and questionnaires to assess these
specific mental functions and emotional states
in their assessments. Another important factor
can be poor effort, or symptom exaggeration,
which has been found to be relatively common
in mTBI and associated with reduced test
performance on neuropsychological tests.83

Approximately 20% of adults with mTBI fail
effort screening tests,84 which would make
behavioral test results uninterpretable, includ-
ing auditory tests. In our study, we found
evidence of effort failure in 4 of the 32 individ-
uals with mTBI and chronic postconcussion
problems, or 12.5%.59 Working with informa-
tion from the entire multidisciplinary teammay
help audiologists better determine how to per-
form and interpret tests in light of some of these
more complex factors.

Other frequently reported physical symp-
toms may affect the individual’s ability to
complete testing or treatment protocols. Sensi-
tivity to both light and sound are extremely
common, and mTBI patients may require or
appreciate a darkened, quiet room free from any
auditory or visual distraction. Anxiety about
testing and performance, inability to concen-
trate, and fatigue may necessitate short test
intervals with frequent breaks. Patients with
mTBI may also experience language problems,
including difficulty with word retrieval and
difficulty reading and writing. Difficulty with
movement and slower response speeds may also
require modification of some testing to allow
for timed responses. Vision problems may also
be present and influence auditory testing and

treatment. Data have shown that dual-sensory
impairments are more common in blast-related
TBI than non-TBI VA patients, and that dual-
sensory impairment is seen in those with TBI at
earlier ages than in the traditional non-TBI
population.85,86 In addition to each unimodal
deficit, the ability to integrate multisensory
input has also been shown to be reduced in
TBI.87 Measures to assess ability to integrate
auditory and visual information may be useful
to more fully assess some individuals.

Problems with pain, particularly headache,
low back, and neck pain, are frequently reported
in patients with mTBI. A systematic review of
studies including 1,046 individuals (both civil-
ian and military) with a history of mTBI found
a pain prevalence rate of 75%.88 Emotional
distress, including depression and anxiety, are
linked with increased pain and a decrease in a
person’s ability to cope with their pain.89,90

Chronic pain, PTSD, and postconcussion
symptoms have been termed a highly prevalent
clinical triad among Operation Enduring Free-
dom/Operation Iraqi Freedom veterans.70 The
interaction among all of these can make diag-
nosis and treatment planning difficult, but
audiologists should be sensitive to these factors
when considering the test environment and
tasks they use in assessing each individual.

ACTIVITIES AND PARTICIPATION
RELATED TO AUDITORY
CONSEQUENCES OF MILD
TRAUMATIC BRAIN INJURY
Because mTBI can affect any area of the brain,
the number of categories of activities and
participation that can influence daily function
and quality of life are large and varied. Hearing
and auditory processing problems also can
impose their own broad activity limitations
and participation restrictions. Many of the
functional problems addressed in the previous
section relate to disability and restrictions the
patient may perceive, but they depend highly on
the contextual factors, both environmental and
personal, unique to each person.

There are a variety of assessment tools
(reviewed by Tate et al91) that might be used
in interdisciplinary assessment of aspects of
activities and participation, including
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multidimensional tests and specific tests of areas
such as communication abilities, mobility issues,
interpersonal interactions and relationships, and
daily living skills. Many with long-term post-
concussion syndrome have been unable to return
to work, school, or other activities for many
weeks ormonths due to their ongoing symptoms
and may be further isolated by avoiding social
interaction. Focus group studies confirm that
some of the most common activity and partici-
pation concerns in individuals with mTBI were
related to carrying out daily routines, work/
employment, mobility, aspects of health and
self-care, recreation and leisure, and interperson-
al/social interactions.92,93 Although not among
the highest categories in either study, items
under the category of communication were
regularly noted including speaking, writing mes-
sages, and using communication devices and
techniques.93 Communication would undoubt-
edly be highly related to functions associated
with interpersonal interactions, which were fre-
quently noted in both studies. Another impor-
tant category related to learning and applying
knowledge highlighted difficulties with watch-
ing, focusing attention, and solving problems.93

There have not been specific studies of
activities and participation limitations due to
auditory consequences of mTBI, but data about
the most common activities and limitations
reported by older adults with hearing loss pro-
vide some insight into additional areas and
overlap that may be seen in the mTBI popula-
tion experience auditory problems. The most
common activity limitations for this group are
difficulty understanding speech especially in
noisy situations, difficulty with conversation,
informal social relationships and community
life, and difficulties with television and radio
listening and social situations.94 There is con-
siderable overlap among these lists, and al-
though they may be for different reasons in
some cases, it is reasonable to consider that some
of the daily activity limitations and participation
restrictions across groups relate to difficulties
with hearing and auditory information.

Environmental and personal factors are
considered contextual factors under the ICF
model. These factors influence the impairments
due to body function and structure, activity
limitations, and participation restrictions and

the relationship among all of these. Although
personal factors are not coded in the model,
these are factors such as demographic variables,
personality characteristics, and a person’s back-
ground experiences. Audiologists are familiar
with the influence of factors such as age and
different coping styles and their influence on
things like accepting technology and rehabilita-
tion, such as discussed in Cox et al.95 FormTBI,
age and gender may influence outcomes and
recovery. Although mTBI is more common in
males, women of childbearing age (not younger
or older females) tend to report more post-TBI
symptoms thanmales.96,97 Age over 40 also may
be a factor in poorer outcomes after mTBI.9,98

A complexity in mTBI can be that both
preexisting personality traits and changes in
personality due to the injury, as well as mood
and emotional factors associated with postcon-
cussion symptoms, can influence recovery out-
comes. Included in these factors is how the
individuals perceive their health status and
quality of life, which may be very different
even given similar test outcomes. For example,
individuals with mTBI may place more or less
emphasis on their perceived auditory problems
depending on factors such as the importance
they place on their work, social activities, or
other parts of daily life. Remediation therefore
needs to be patient-centered to address the
individual factors that will influence their per-
ceptions and experiences.

Environmental factors are things in the
physical, social, and attitudinal environment
that may facilitate or provide barriers to function
(or both). Sveen et al found that some of themost
common environmental categories noted as bar-
riers and/or facilitators by focus groups with
mTBI included products and technology for daily
living and communication, and the overall cate-
gory of sound.93 Other common areas included
friends, family, and acquaintances, as well as
people in authority and health professionals. In
most cases, immediate family is considered an
important facilitator and means of support.92

Some contextual factors unique to mTBI
comparedwith other populations seen by audiol-
ogists may include how the injury was sustained,
such as whether in a traumatic event, and
whether the individual is part of any legal
proceedings or seeking compensation related
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to their injury. Many individuals have not been
able to return to work, school, or sports for
significant periods of time, often longer than
expected. In addition to stressors related to the
injury and the aftermath, they may have concur-
rent family and life stressors. Many individuals
will be seeing multiple health professionals,
social service providers, legal professionals, and
vocational or educational consultants to address
their varied circumstances. Drug and alcohol use
may present issues as substance use disorders
often co-occur with TBI postinjury and are also
highly associated as risk factors for sustaining
head injury that may contribute to
outcomes.99,100

MANAGEMENT OF AUDITORY
CONSEQUENCES OF MILD
TRAUMATIC BRAIN INJURY
At this time, there is little research specifically
related to the management and remediation of
auditory effects ofmTBI.However, the fields of
audiology and speech-language have consider-
able applicable experience based on what we
know about remediation with individuals with
hearing loss, perhaps particularly older adults
with hearing loss and cognitive decline, central
auditory processing in children and adults, and
cognitive communication rehabilitation in gen-
eral. The American Speech-Language Hearing
Association addresses the roles of audiologists
and speech-language pathologists in the assess-
ment, diagnosis, and rehabilitation of individ-
uals with TBI according to their respective
scopes of practice.101

An important consideration in rehabilita-
tion for TBI is that rest and management of
physical and cognitive symptoms are first pri-
orities. Fatigue and stress are important to
consider because individuals with traumatic
brain injury may be simultaneously receiving
rehabilitation services from various professio-
nals to address a range of functional needs
including educational, psychological, cognitive,
vocational, communication, and medical thera-
pies. All of these areas would likely be more
effectively addressed if the clinicians involved
were aware of any hearing or auditory process-
ing difficulties. Addressing their audiological
needs can allow for individuals to have greater

participation in their other therapies and activ-
ities of daily living. Improvements in auditory
processing may combine with improvements in
attention, auditory memory, or other cognitive
abilities to improve overall quality of life and
educational/vocational benefit.

Audiological management of peripheral
hearing loss in mTBI should follow established
best clinical practices, with considerations for
any concomitant symptoms and functional
problems as discussed above. Fitting of hearing
aids or assistive devices may need to bemodified
based on the activities, participation, and envi-
ronmental factors discussed previously. Audiol-
ogists can use knowledge gained from
management of hearing loss in older adults,
individuals with central auditory processing
disorders, and populations with multiple func-
tional disabilities to better address the individ-
ual needs of patients with mTBI.

Approaches to management of tinnitus
may be especially important to consider and
individualize for those who have experienced
mTBI. Some evidence has shown that although
groups with TBI rated tinnitus as more severe,
there was no difference between groups with
and without head injury in the pitch and
complexity of the tinnitus, masking level, and
acceptance of wearable maskers.25 Therefore,
management may rely on the same tools, but
other factors such as higher rates of sleep issues,
anxiety, depression, and PTSD may require
modification to treatment and counseling pro-
tocols and a multidisciplinary approach to si-
multaneously address these functional
considerations. Tinnitus treatment programs
such Progressive TinnitusManagement or Tin-
nitus Retraining Therapy may provide founda-
tions that can be modified to the needs of the
individual with mTBI.102,103 A pilot study on
the use of a telehealth Progressive Tinnitus
Management program has been conducted
with groups from the VAwithmTBI, moderate
to severe TBI, and a comparison group with no
TBI.104 The three groups showed similar im-
provement in their Tinnitus Handicap Inven-
tory scores, showing that this type of program
can be effective in addressing the needs of
individuals with mTBI.81 A follow-up clinical
trial is being conducted to better identify possi-
ble group differences and evaluate the efficacy
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of telehealth, which may provide clinicians
additional guidelines for addressing the func-
tional problems in the mTBI population,
whether military or civilian.

Similarly, management of dizziness and
balance will be important considerations for a
comprehensive rehabilitation management pro-
gram for many individuals with mTBI.Weight-
man and Leuty presented guidelines on
vestibular testing including evaluations audiolo-
gists may be perform in a vestibular laboratory
such as electronystagmography, rotary chair
testing, and vestibular evoked myogenic poten-
tials with the goal of determining whether
findings are consistent with vestibular pathology
(either peripheral or central).105 Other clinical
examinations, which may be performed by other
professionals such as physical therapists or physi-
cians, may include patient self-report measures
such as theDizzinessHandicap Inventory,82 gait
analysis, neurologic evaluations, positional test-
ing, computerized dynamic posturography, and
oculomotor examination. Taken together, these
tests can be used to determine a plan of care that
may include vestibular physical therapy such as
canalith repositioning techniques or postural
stability training. Provision of vestibular rehabil-
itation improves outcomes and shortens disabil-
ity times in patients with mTBI.106,107 A review
of individualized treatment recommendations
can be found in Weightman and Leuty to
address positional vertigo, unilateral vestibular
hypofunction, and treatment of motion sensitiv-
ity and exercise-induced dizziness from a physi-
cal therapy perspective.105

MANAGEMENT OF AUDITORY
PROCESSING PROBLEMS
Approaches to management of auditory proc-
essing problems are not standardized and are
often geared toward developmental auditory
processing disorders. Intervention approaches
for auditory processing dysfunction have gen-
erally been divided into categories of environ-
mental modifications, compensatory strategies,
and direct skills remediation.108 These areas fit
well into the ICF model of remediating the
disorder (body function), changing the envi-
ronment, and increasing a person’s ability to
participate in activities of daily life.

Direct remediation of function would in-
clude auditory training with the hope of induc-
ing neurophysiological changes and improved
auditory skills. There is currently very little in
the way of outcomes research for this type of
bottom-up rehabilitation approach specific to
mTBI. Software programs based on neuroplas-
ticity geared toward overall training to im-
proved attention, memory, and other
cognitive processing abilities exist that target
the auditory modality, such as Brain Fitness and
the online BrainHQ (both from Posit Science).
Although final results are not yet available, a
clinical trial in the VA utilizing the Brain
Fitness auditory training program reported
preliminary benefit to combining such training
with the provision of frequency modulation
(FM) systems.109 Research in older adults has
demonstrated that there is evidence of at least
short-term plasticity following a similar audi-
tory-based cognitive training protocol, but that
speech-in-noise and memory gains were not
maintained 6 months later.110 There are also
auditory training programs that address specific
auditory processing skills that have been used in
adults with auditory processing disorders, such
as Listening and Communication Enhance-
ment and the Auditory Rehabilitation for In-
teraural Symmetry.111,112

Environmental modifications for individu-
als with mTBI from an auditory perspective
would focus on improving access to and clarity
of sound, better signal-to-noise ratio, and ways
to increase an individual’s ability to listen and
learn from auditory signals. These types of
modifications can and should go hand in hand
with cognitive training strategies used by other
members of the rehabilitation team. Amplifica-
tion, when appropriate, and assistive technology
can be used to help improve the acoustic signal
and ease of listening. Remote microphone and
FM technology may be useful, even for individ-
uals with clinically normal hearing, possibly
coupled with a low-gain hearing aid. FM system
use has been established as an effective rehabili-
tation tool for improving speech perception in
noise hearing-impaired children and
adults,113–116 as well as for childrenwith auditory
processing disorders and normal hearing sensi-
tivity.117,118 Saunders et al reported on the use of
an FM system as part of the rehabilitation
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program in three patients with blast exposure
and head injuries who had normal peripheral
hearing but significant complaints of auditory
difficulty.119 Although a very small sample, two
of the three cases reported positive experiences
with the FM system, showed higher improve-
ment scores on questionnaire scales, and were
interested in continuing to use it after the study
concluded. Other environmental modifications
would include strategies such as workplace and
educational setting accommodations. Use of
preferential seating to maximize auditory and
visual information, acoustic modifications to
reduce noise interference, consideration of note
takers, and having information provided in
writing instead of just verbally can be simple
but useful strategies.

Compensatory strategies are another im-
portant area to consider. Examples would in-
clude having the individual repeat back
instructions they heard to check comprehension
and to rephrase and restate when he or she does
not understand. Students and individuals in
certain work settings may benefit from reading
ahead (agenda, outline, or text) so they are
familiar with what will be discussed in a class
or meeting. Involvement of family, teachers,
employers, coworkers, and other communica-
tion partners in management efforts is an
important component, such as requesting that
they use clear speech, initiate conversation in
more conducive locations, and making sure
their faces can be seen.

Audiologists will need to collaborate with
other members of a multidisciplinary rehabili-
tation team that may include cognitive and/or
communication therapists. Reviewing results of
a neuropsychological exam may be useful in
interpreting test results and planning treatment.
It has been stressed recently that cognitive
communication rehabilitation should focus on
application of compensatory strategies to real-
life situations and that treatment should be
realistic and generalizable to natural environ-
ments and daily routines.120 Auditory rehabili-
tation may be integrated into and borrow from
the interventions that neuropsychologists or
speech-language pathologists pursue as part of
cognitive training and communication rehabil-
itation. For instance, the use of personal digital
assistants and smartphones may be an impor-

tant tool to help patients remember information
they hear and combine auditory and visual cues
(such as an alarm). Communication strategies
may be an important tool to work on language
skills as well as coping with difficulties hearing
in noise. In another interdisciplinary example,
Saunders and Echt provided a useful review of
rehabilitation factors that may be important to
consider when working with individuals in the
military with dual-sensory impairment.121 The
ultimate goals of reducing activity limitations
and participation restrictions and enhancing
quality of life are likely more broadly applicable
to the general mTBI population, including
civilians with mTBI from falls, motor vehicle
accidents, sports, and other mechanisms.

CONCLUSION
There is growing evidence that mTBI can affect
structures in the auditory pathway and have
functional auditory consequences for some in-
dividuals in the long term. Audiologists have
the tools necessary for assessment and manage-
ment of these auditory problems within the
context of a multidisciplinary team. Because
mTBI is marked by heterogeneity, the ICF
model allows consideration of the body struc-
tures and function as well as the contextual
factors that are unique to each individual and
their remediation plan.
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