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Abstract

It has been shown that there is an increased risk for impaired auditory function following traumatic
brain injury (TBI) in Veterans. Evidence is strongest in the area of self-report, but behavioural and
electro-physiological data have been obtained that are consistent with these complaints. Peripheral
and central dysfunction have both been observed. Historically, studies have focused on penetrating
head injuries where central injury is more easily documented than in mild closed head injuries, but
several recent reports have expanded the literature to include closed head injuries as well. The lack
of imaging technology that can identify which closed head injuries are likely to impact auditory
function is a significant barrier to accurate diagnosis and rehabilitation. Current behavioural and
electrophysiological measures are effective in substantiating the auditory complaints of these
patients but leave many questions unanswered. One significant limitation of current approaches is
the lack of clear data regarding the potential influence of those mental health comorbidities that
are very likely to be present in the Veteran population. In the area of rehabilitation, there are
indications that hearing aids and other assistive listening devices may provide benefit, as can
auditory training programmes, yet more research needs to be done.
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Background

The most detailed information available on the relationship between brain injury and
auditory function comes from the Vietnam Head Injury Study (VHIS). Field neurosurgeons
initially completed registry forms identifying those who suffered Traumatic Brain Injuries
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(TBI) during the Vietnam conflict. In four subsequent phases, the VHIS conducted both
chart reviews and prospective evaluations of those registered. During Phase Two, conducted
during the 1980s, 520 of the original 2,000 registrants were invited to be evaluated at Walter
Reed Army Medical Center, where audiological assessments were conducted in conjunction
with many other types of assessments including computed tomographic imaging. A control
group of 85 uninjured Veterans of the Vietnam conflict was tested concurrently.
Audiological evaluations included standard clinical tests of peripheral hearing function
including pure-tone sensitivity, speech audiometry and immitance measures as well as a
battery of behavioural and electrophysiological measures of central auditory processing.
Many of these measures are presented in Table I. Due to the relatively large number of study
participants and the broad scope of testing, these data [1-6] provide the clearest picture
available, then or now, of how injuries to specific brain areas can be related to auditory
processing difficulties. These studies provided strong evidence that damage to brain areas
thought to be involved in auditory processing, such as the temporal lobe and corpus
callosum, can result in dysfunction observable on clinical tests. They also showed that these
tests are capable of dissociating peripheral and central system dysfunction. The following is
a review of the current state of knowledge regarding the relationship between TBI and
auditory dysfunction, compiled from data beginning with the VHIS through the most current
research from modern warfighters and civilians.

Recent evidence of auditory dysfunction following TBI

One of the most common causes of TBI in current and recent military Service Members
involves exposure to high-intensity explosive discharges [7]. While the majority of reports
regarding TBIs sustained in military conflicts prior to the year 2001 involved focal
penetrating injuries such as those reported in the VHIS, TBIs from blast exposure are now
garnering the majority of the attention from the research community and the media. This
shift reflects both the improved armour that makes penetrating wounds less likely and the
increased awareness of the damage that can be caused by closed head wounds. Blast
exposure is now understood to have the potential to result in widespread brain damage
caused by the compressing and stretching of tissues as the shock front of the blast wave
impacts the head [8]. Such diffuse injuries are then often compounded by secondary and
tertiary blast injuries from when the head is impacted by flying debris or abrupt contact with
the ground or other solid structures. The majority of blast-related TBIs are categorized as
mild (mTBI), a classification that is based upon the symptoms at the time of injury and a
lack of abnormal findings on common clinical neural imaging scans. However, even such
‘mild” TBIs can have lasting impacts, particularly when the injured person is subjected to
multiple head injuries as is frequently the case among recent Service Members. Further,
such patients frequently suffer from additional health concerns such as chronic pain, sleep
disorders, mental health issues and/or persistent cognitive symptoms. Such comorbidities
may sometimes obscure or confound validation and treatment of auditory dysfunction.
Hence, it is critical that evaluations following TBI include thorough sensory assessments to
ensure that impairments are not missed.

Peripheral injuries from blast exposure such as tympanic membrane rupture and ossicular
chain discontinuity are common, but often resolve within a few months of injury either
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spontaneously or in response to surgical intervention [9]. Permanent sensorineural hearing
loss in this population is normally treated with commonplace methods including hearing
aids and assistive listening devices. Routine clinical audiometric assessments are normally
adequate to evaluate and prescribe treatment for peripheral auditory concerns such as these.
However, evaluating the effects of TBI on central auditory processing requires additional
non-standard assessment techniques which often begin with thorough case histories and self-
report of auditory function provided by the affected patient.

Self-report

Increasing numbers of head-injured Service Members and Veterans have recently sought
audiology services for hearing issues only to learn that they have essentially ‘normal’
hearing thresholds, as determined by pure-tone audiometric assessment [10]. The most
common complaints driving such patients to seek care include increased difficulty
understanding speech in the presence of background noise and difficulty following rapidly
spoken or long-running speech, as well as problems understanding speech over the
telephone. Self-report indices of auditory function in Veterans with previous head injury
often reveal a striking similarity to the reports of older presbyacusic listeners [10]. In fact, a
recent study revealed that even after several years of recovery following injury, 60% of a
sample of Veterans with previous blast exposure and normal or near-normal pure-tone
hearing thresholds reported moderate to severe hearing handicap which significantly affected
their daily lives [11]. Similar results were recently reported for a group of patients with non-
military mTBI [12]. Such data clearly indicate that patients with previous head injury who
complain of auditory difficulties should always be evaluated for possible auditory processing
disorders, even when the injury event occurred several years prior to the evaluation.

Behavioural measures

Behavioural test batteries for auditory processing disorders (APD), of which many are
dependent on normal or near-normal pure-tone thresholds in order to accurately interpret the
test results, generally assess functions including binaural integration, speech understanding
in noise, recognition of filtered or degraded speech, and temporal processing ability. Most
studies indicate that head injury can yield a wide scope of potential dysfunction across
individuals. For this reason, it is not possible to capture all potential dysfunction in this
population without employing a diverse test battery. The results of the VHIS, which assessed
Veterans who had sustained focal cortical injuries, revealed important insights into
correlations (or lack thereof) between performance on behavioural test measures and
damage to specific cortical and sub-cortical areas. For example, a monaurally presented test
measuring comprehension of 60% time-compressed monosyllabic words revealed that
damage to the right or left auditory cortex had little bearing on the performance for either ear
[1]. Of Veterans with previous damage to the left temporal lobe, 27% performed abnormally
on this test with no signs of contralateral ear effects, and the percentage of abnormal
performance was 22% for those with damage to the right temporal lobe. For dichotic
listening tests including the Staggered Spondaic Words test (SSW), Dichotic Digits test
(DDT) and the Dichotic Consonant Vowels test, on the other hand, damage in the right
temporal cortex was associated with a contralateral ear deficit while damage in the left
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temporal cortex often was associated with bilaterally degraded performance. The lack of
contralateral ear effects in patients with damage to the left auditory cortex is somewhat
surprising as most studies on non-Veteran populations with focal intracranial lesions usually
indicate a strong laterality effect regardless of the side of lesion [13].

Results of four key studies in which the site of lesion was able to be verified and abnormal
performance was observed on one or more auditory tests are summarized in Table I. Overall,
the data in Table I illustrate that studies of penetrating wounds in Veterans and in non-
Veteran head-injured populations both show deficits in dichotic listening tasks even when
tested many years after the injury. The same pattern of abnormal performance has been
found for those who have been blast exposed. In addition, the pattern for those tested within
1 year of exposure was the same as for those measured up to 10 years post exposure
[10,11,14]. Based upon information from populations with more focal lesions, these patterns
of results suggest that blast exposure has the potential to damage auditory brainstem and/or
cerebrum as well as non-auditory-specific structures such as the corpus callosum and frontal
cortex.

In addition to dichotic listening deficits, Table I contains an example of a study illustrating
the finding that temporal processing deficits are also common among patients with head
injury [15]. Gallun et al. [11,14] found that blast-exposed individuals can also exhibit
significant levels of abnormal performance on temporal tests. Performance was abnormal on
the Gaps-in-Noise (GIN) test, which assesses temporal acuity, and on the Frequency Patterns
Test (FPT), which measures recognition and recall of temporal pattern changes. Both of
these tests have been shown to be sensitive to auditory processing deficits following
localized brain injury [15,16]. The finding that blast exposure impacts both temporal
processing and dichotic speech understanding is consistent with the emerging literature on
central auditory dysfunction following mild TBI (mTBI), as well as Refs. [17-21].

Electrophysiology

Electrophysiological measures have been widely used to assess the response of the auditory
system following TBI. While behavioural tests of auditory processing in patients with
previous head injury are often hampered by cognitive deficits including language, attention,
and memory, auditory-evoked potentials (AEPSs) can help to disambiguate cognitive
dysfunction from auditory dysfunction, while also providing a powerful means of non-
invasively establishing the site of lesion. Furthermore, AEPs often can be measured in
patients who are unable to respond behaviourally, such as in cases of severe brain injury.

Auditory brainstem responses (ABRs) are rarely found to be abnormal in cases of mild or
moderate TBI, regardless of whether they are obtained during acute or chronic phases of
injury [8,17]. Abnormal ABR findings are more prevalent in cases of severe TBI, in which
they often indicate a poor future outcome for patients [16]. The most common abnormal
ABR findings among patients with previous TBI include increased Wave V absolute latency,
prolonged I-V and/or I11-V interpeak latency, or absence of Wave V. Middle-latency
responses (MLR), which reflect the response of the upper brainstem and thalamocortical
auditory circuits, are the least well studied of all AEP measures in the head-injured
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population in part due to significant within- and between-subject variability. Available
studies suggest that the amplitude of MLR waves are negatively correlated with severity of
TBI, and that the presence of discernible MLR waveform morphology may be indicative of
awakening from coma in cases of severe TBI [24,25].

Late-latency responses (LLR) reflect the response of cortical regions to auditory stimuli.
Findings on the effects of head injury on the early components of the LLR (N1 and P2) have
been mixed, particularly in cases of mTBI. Some studies report significant increases in the
latencies and decrements in the amplitudes of these components while others report no
effects [25]. Overall, it seems that the more severe the injury, the greater the risk that a
patient will display abnormal early cortical potentials. The electrophysiological response
with the most reliable relationship with head injury is the P300, which is a vertex-positive
potential that occurs roughly 300 ms after the onset of a stimulus that deviates from the set
of expected stimuli. The P300 is generated by multiple sites in the brain, including frontal
and parietal areas outside the auditory pathway. The latency and amplitude of the P300
measure in response to the deviant stimulus appear to be well correlated with the severity of
the TBI, with increasing latency and decreasing amplitude associated with increasing levels
of injury [26]. The P300 waveform is usually found to be abnormal in patients with severe
TBI, and is often (though not always) found to be diminished in cases of mTBI [16].
Whether or not mTBI results in aberrant P300 responses likely depends upon a nhumber of
factors including the type of head injury (e.g. blunt-force trauma, blast exposure) as well as
the number of previous neurological insults and age of the patient. Though the majority of
P300 studies on patients with mTBI have focused on civilian populations, two recent reports
of changes in LLR in response to blast injury [14,17] found results similar to that observed
with more severe TBI, in which the injured patients had lower amplitude LLRs that occurred
later in time compared to age- and hearing-matched controls.

Overall, the majority of available studies suggest that cases of severe TBI sometimes result
in abnormal early AEP responses and almost always result in abnormal LLR, while cases of
mTBI rarely result in abnormalities at the brainstem level but are often reflected in LLR
AEPs such as the P300. This suggests that early pathways of the auditory system may be
less vulnerable to damage in mTBI cases than are the cortical auditory pathways that have
strong connections to other cortical areas. Because the majority of AEP studies have focused
on civilian populations, additional research is needed in order to determine whether the AEP
results from such studies accurately reflect the auditory deficits that result from the types of
head injuries common in warfighters (e.g. blast exposure).

Additional considerations

It is an ongoing challenge to provide evidence linking brain injury with behavioural
performance for Veterans with auditory complaints and a history of blast exposure and/or
mTBI. There is no clear epidemiological evidence regarding the prevalence of auditory
dysfunction following mTBI, although the literature reviewed briefly above certainly
suggests that such deficits are commonly observed both in Veterans and civilians following
mTBI. More concerning, however, is the lack of clear diagnostic tools in the imaging
domain that would allow such deficits to be tied to specific brain injury, either in particular
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auditory areas, or diffusely throughout the auditory pathway. The most promising work is in
the area of white matter integrity, which has recently been shown to be impaired in Veterans
with mTBI [27,28], and resting state functional magnetic resonance imaging [29,30],
although neither of these very promising techniques is yet in common usage as a clinical
tool and neither have yet been applied to auditory dysfunction. Until such tools are
developed and validated in a form usable by the clinician, it will be difficult to distinguish
brain injury from the other factors that could result in auditory deficits for this population.

Some of the other factors that have been proposed include emotional issues such as post-
concussion syndrome and posttraumatic stress disorder [20], as well as interactions with
various medications, sleep deprivation associated with emotional difficulties, and general
cognitive deficits that can affect performance on auditory measures. Future work will need
to focus both on dissociating these factors on a group level and on developing measures that
can be used to allow the clinician to better assess these interacting effects at the level of the
individual patient. Blast exposure and TBI lead to diverse behavioural effects, and there is
currently little evidence that can be used to associate specific auditory dysfunction with
damage to discrete brain areas in those cases for which the brain images appear to be normal
given the current technology. Consequently, it is essential that clinical research studies focus
on the development and validation of a battery of rapid tests that can be used to identify
patient-specific dysfunction in the auditory domain. Related to this is the need for a team
approach to treatment, in which representatives from all of the disciplines relevant to
diagnosing and treating brain injury are participating and communicating in the treatment of
the patient.

Finally, it is important to recognize the fundamental difficulty associated with the
retrospective nature of the analyses that have been conducted, which is that there are seldom
clear indications of the abilities of the patients before injury. This problem, which faces the
clinician as well, makes it very difficult to know whether abnormal performance is a result
of injury or was already present. The military is increasing the level of pre-deployment
testing on many relevant tests, but none are of the type needed to provide clear baselines for
auditory function. The most common way of addressing this is to use control groups
matched in age and peripheral hearing abilities to the patient groups, but this method has
drawbacks as well, in particular, we often find that these groups often produce somewhat
variable data. Consequently, the analysis of group differences is hindered and the researcher
or clinician is forced to rely upon patterns of abnormal performance across multiple tests,
which runs the risk of failing to identify deficits that are confined to a very specific auditory
ability.

Rehabilitation

Clinicians have grappled with the question of what rehabilitation would help Veterans who
experience auditory difficulties despite having normal or near-normal pure-tone hearing
thresholds. This is particularly challenging in the light of the diagnostic challenges listed
above, as well as the potential comorbid conditions. An optimal solution would be auditory
training programmes to improve detection, discrimination and recall of auditory information,
thus helping Veterans return to a more ‘normal’ level of auditory function without the use of
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assistive devices. However, while brain training programmes show promise among patients
who complete the training regimen [31], compliance is low, especially in this population
which often includes working adults with numerous responsibilities. Available training
programmes are often lengthy and monotonous and thus difficult for young and middle-aged
Veterans to fit into their busy lives. Future work in this area should focus on developing
auditory training programmes which package effective rehabilitation into brief and engaging
training sessions which can adapt to the personal schedules of this particular population.

A potential advantage of auditory rehabilitation in young and middle-aged patients with
previous TBI is their eagerness to embrace new technologies to improve their daily function.
For example, a recent study found that Veterans with mTBI readily accepted FM systems
consisting of an ear-level listening device and a separate microphone which could be placed
near a talker of interest [32]. Audiologists and speech-language pathologists working with
patients with previous blast exposure who have normal or near-normal audiograms have also
reported success with prescribing hearing aids to patients who might not usually be
prescribed such devices [33]. Results of that study as well as other reports suggest that there
may be benefits of providing minimal-amplification gain hearing aids, with or without FM
systems, to Veterans with previous blast injury. Benefits have also been reported by patients
who have been issued devices such as smartpens which can automatically convert speech
into text. Although such reports are promising, evidence-based research is sorely needed to
support the use of such technologies among Veterans with head injury.

Overall, research evidence is lacking regarding effective strategies to rehabilitate Veterans
with TBI, leaving clinicians to develop new experimental protocols on their own. Providing
appropriate care for these Veterans and helping them to understand and solve their
communication difficulties requires that the research community focus its efforts on
providing the evidence so badly needed by patients and providers alike.

Acknowledgments

Additional Contributions: Marjorie R. Leek, PhD, Robert L. Folmer, PhD, Serena Dann, AuD, and Heather
Belding, BS, also contributed to the success of this project. The authors gratefully acknowledge the enthusiastic
participation of the Veterans and non-Veterans who volunteered for the studies described in order to improve our
understanding of the potential dysfunction afflicting those who have been exposed to high-intensity blasts.

Declaration of interest

This work was supported by the following awards from the United States Department of Veterans Affairs
Rehabilitation Research & Development Service (VA RR&D): Merit Review Award C77551 (Pls: Gallun, Leek)
and by the VA RR&D National Center for Rehabilitative Auditory Research (C4844C). All work represents the
views of the authors and not the official position of the United States Government or the Department of Veterans
Affairs.

References

1. Mueller H, Beck W, Sedge R. Comparison of the efficiency of cortical level speech tests. Semin
Hear. 1987;8(3):279-298.

2. Mueller HG. An auditory test protocol for evaluation of neural trauma. Semin Hear 8(3):223-239.

3. Mueller HG. The staggered spondaic word test: Practical use. Semin Hear 8(3):267-277.

4. Jabbari B, Mueller HG, Howard DK. Auditory brainstem response findings in the late phase of head
injury. Semin Hear. 8(3):240-252.

Brain Inj. Author manuscript; available in PMC 2019 March 14.



1duosnuey Joyiny wA 1duosnue Joyiny wA

1duosnue Joyiny vA

Gallun et al.

Page 8

. Mueller HG, Beck WG. Brainstem level test results following head injury. Semin Hear 8(3):253-

260.

. Vance SC. Auditory findings in neural trauma: Radiologic evaluation. Semin Hear 8(3):215-222.
. Belmont PJ, Schoenfeld AJ, Goodman G. Epidemiology of combat wounds in operation Iragi

freedom and operation enduring freedom: Orthopaedic burden of disease. J Surg Orthop Adv.
2010;19(1):2-7. [PubMed: 20370999]

. DePalma RG, Burris DG, Champion HR, Hodgson MJ. Blast injuries. N Engl J Med. 2005;352(13):

1335-1342. [PubMed: 15800229]

. Fausti SA, Wilmington DJ, Gallun FJ, Myers PJ, Henry JA. Auditory and vestibular dysfunction

associated with blast-related traumatic brain injury. J Rehabil Res Dev. 2009;46(6):797-810.
[PubMed: 20104403]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Saunders GH, Frederick MT, Arnold M, Silverman S, Chisolm TH, Myers P. Auditory difficulties
in blast-exposed Veterans with clinically normal hearing. J Rehabil Res Dev. 2015;52(3):343-60.
[PubMed: 26237266]

Gallun FJ, Lewis MS, Folmer RL, Hutter M, Papesh MA, Belding H, Leek MR. Chronic effects of
exposure to high-intensity blasts: Results on tests of central auditory processing. J Rehabil Res
Dev. 2016;53(6):705.

Hoover EC, Souza PE, Gallun FJ. Auditory and cognitive factors associated with speech-in-noise
complaints following mild traumatic brain injury. J Am Acad Audiol, in press Available from
http://www.ingentaconnect.com/content/aaa/jaaa/pre-prints/content-aaa-
jaaa-16-051;jsessionid=fI9hjOp5jlpu.x-ic-live-02

Musiek FE. Assessment of central auditory dysfunction: The dichotic digit test revisited. Ear Hear.
1983;4(2):79-83. [PubMed: 6840415]

Gallun FJ, Diedesch AC, Kubli LR, Walden TC, Folmer RL, Lewis MS, Mc DJDermott, Fausti
SA, Leek MR. Performance on tests of central auditory processing by individuals exposed to high-
intensity blasts. J Rehabil Res Dev. 2012;49(7):1005-25. [PubMed: 23341276]

Musiek FE, Shinn JB, Jirsa R, Bamiou DE, Baran JA, Zaida E. GIN (gaps-in-noise) test
performance in subjects with confirmed central auditory nervous system involvement. Ear Hear.
2005;26(6):608-18. [PubMed: 16377996]

Musiek FE, Pinheiro ML. Frequency patterns in cochlear, brainstem, and cerebral lesions:
Reconnaissance mélodique dans les Iésions cochléaires, bulbaires et corticales. Audiology.
1987;26(2):79-88. [PubMed: 3606474]

Bressler S, Goldberg H, Shinn-Cunningham B. Sensory coding and cognitive processing of sound
in Veterans with blast exposure. Hear Res. 2016 Available from http://www.sciencedirect.com/
science/article/pii/S0378595516303008

Bergemalm PO, Lyxell B. Appearances are deceptive? Long-term cognitive and central auditory
sequelae from closed head injury. Int J Audiol. 2005;44(1):39-49. [PubMed: 15796101]

Krause MO, Kennedy MR, Nelson PB. Masking release, processing speed and listening effort in
adults with traumatic brain injury. Brain Inj. 2014;28(11):1473-84. [PubMed: 24960589]

Hoover EC, Souza PE, Gallun FJ. Competing views on abnormal auditory results after mild
traumatic brain injury. SIG 6 Perspect Hear Hear Disord: Res Diagn. 2015;19:12-21.

Turgeon C, Champoux F, Lepore F, Leclerc S, Ellemberg D. Auditory processing after sport-
related concussions. Ear Hear 2011;32(5):667-670. [PubMed: 21399499]

Jabbari B, Mueller G, Howard DK. Auditory brainstem response findings in the late phase of head
injury. Semin Hear 1987;8(3):261-265.

Musiek FE, Pinheiro ML. Frequency patterns in cochlear, brainstem, and cerebral lesions.
Audiology. 1987;26(2):79-88. [PubMed: 3606474]

Munjal SK, Panda NK, Pathak A. Relationship between severity of traumatic brain injury (TBI)
and extent of auditory dysfunction. Brain Inj. 2010;24(3):525-32. [PubMed: 20184409]

Folmer RL, Billings CJ, Diedesch-Rouse AC, Gallun FJ, Lew HL. Electrophysiological
assessments of cognition and sensory processing in TBI: applications for diagnosis, prognosis and
rehabilitation. Int J Psychophysiol. 2011;82(1):4-15. [PubMed: 21419179]

Brain Inj. Author manuscript; available in PMC 2019 March 14.


http://www.ingentaconnect.com/content/aaa/jaaa/pre-prints/content-aaa-jaaa-16-051;jsessionid=fl9hj0p5jlpu.x-ic-live-02
http://www.ingentaconnect.com/content/aaa/jaaa/pre-prints/content-aaa-jaaa-16-051;jsessionid=fl9hj0p5jlpu.x-ic-live-02
http://www.sciencedirect.com/science/article/pii/S0378595516303008
http://www.sciencedirect.com/science/article/pii/S0378595516303008

1duosnuey Joyiny wA 1duosnue Joyiny wA

1duosnue Joyiny vA

Gallun et al.

26.

217.

28.

29.

30.

31.

32.

33.

Page 9

Duncan CC, Kosmidis MH, Mirsky AF. Closed head injury-related information processing deficits:
an event-related potential analysis. Int J Psychophysiol. 2005;58(2—-3):133-57. [PubMed:
16203052]

Petrie EC, Cross DJ, Yarnykh VL, Richards T, Martin NM, Pagulayan K, Hoff D, Hart K, Mayer
C, Tarabochia M. Neuroimaging, behavioral, and psychological sequelae of repetitive combined
blast/impact mild traumatic brain injury in Iraq and Afghanistan war veterans. J Neurotrauma.
2014; 31(5):425-436. [PubMed: 24102309]

Trotter BB, Robinson ME, Milberg WP, McGlinchey RE, Salat DH. Military blast exposure,
ageing and white matter integrity. Brain. 2015;138(8):2278-2292. [PubMed: 26033970]
Johnson B, Zhang K, Gay M, Horovitz S, Hallett M, Sebastianelli W, Slobounov S. Alteration of
brain default network in subacute phase of injury in concussed individuals: resting-state fMRI
study. Neuroimage. 2012;59(1):511-518. [PubMed: 21846504]

Palacios EM, Sala-Llonch R, Junque C, Roig T, Tormos JM, Bargallo N, Vendrell P. Resting-state
functional magnetic resonance imaging activity and connectivity and cognitive outcome in
traumatic brain injury. JAMA Neurol. 2013;70(7):845-851. [PubMed: 23689958]

Weihing J, Chermak GD, Musiek FE. Auditory training for central auditory processing disorder.
Semin Hear 36(4):199-215. [PubMed: 27587909]

Saunders GH, Frederick MT, Chisolm TH, Silverman S, Arnold M, Myers P. Use of a frequency-
modulated system for veterans with blast exposure, perceived hearing problems, and normal
hearing sensitivity. Semin Hear. 2014;35(3):227-38.

Kokx-Ryan M, Nousak JM, Jackson JC, DeGraba T, Brungart DS, Grant KW. Improved
management of patients with auditory processing deficits fit with low-gain hearing aids
International Hearing Aid Research Conference, 2016; Lake Tahoe, CA.

Brain Inj. Author manuscript; available in PMC 2019 March 14.



Page 10

Gallun et al.

VA Author Manuscript

. ‘|e 18 1g||an
[t11 I _z@

: ‘e 18 yaIsn
[gT] ‘e 18 31 _\,_xm

) ‘|e 18 yaisn
[e2] ‘e 18 a1 _\,_xN

. ‘|e 18 1eqage
[z] ‘re 18 Leqq Cr

"2.NSealll 153] LIS 10} USXE) 313M SBNJBA UOIUM WOJY 30USI3431 U} 81edIpuUl SanjeA [eauawnu 1diosiadng

1S 9z X809 Aloyipne Arewiid 1o

6/ /2 xauoo Aonpne Arewnd wybry vm_m>>o>-“cm:0mc8 onowIa

1S o X809 Aloyipne Arewiid 18]

iR 8y  xau09o Aloupne Arewnd ybry w&_m% onowla

99 Ly x8uoo Aioypne Arewid Ya

L TS Xxauo02 Aionpne Arewnd ybry meo\s drepuods passbbers

8L 6 (ap1s Jayua) xauod

96 6 wasurelg Mmm_oc-:_-mﬁ_mo

€8 62 (ap1s Jaups) Xa10D ZSwawed Aouanbaty

o¢ oF  (apIs Jayua) xaL0d Aionpny P[RR bubisei

€T o (epis Joue) xeyod Koypny  7oSUCdSe) WaISUIeIG Auowpny

9 oy (apIs Jayus) xaL0d Aionpny PPOHI RSOV
Jes Byil je ewiouqy 9% U uoss| joals L=2]N

‘I 819eL

VA Author Manuscript

‘ABojouyoal Buibewi ybnoiyy palyLIaA uoisal Jo als ay)
yum Aunfur uredq yum sjuaied Buowre aouewioiad [ewlouge aonpoid 01 punoy usaq aAey Jeyl wiaisAs Alojipne [es1uad ay) Jo Buluonouny ayl Jo s1sa1 1ybig

VA Author Manuscript

Brain Inj. Author manuscript; available in PMC 2019 March 14.



	Abstract
	Background
	Recent evidence of auditory dysfunction following TBI
	Self-report
	Behavioural measures
	Electrophysiology
	Additional considerations
	Rehabilitation
	References
	Table I.

