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Traumatic brain injury (TBI) is a ubiquitous injury that
can give rise to hearing loss. By 2020, TBI is expected to
affect 10 million people annually.1 As TBI becomes more
prevalent, more and more people with the condition
will need hearing healthcare during both the acute and
the chronic stages of injury. In the early stages of recov-
ery, audiological services are usually provided in the con-
text of specialized rehabilitation settings where hearing
healthcare professionals work with inter-professional
teams. Following discharge from such settings, individ-
uals who have had a TBI may need continued services
in the general community for the rest of their lives.

TBI is currently the leading cause of disability in
North America in people under the age of 40. Patients

endure decades of disability because of the young demo-
graphic affected,2 and it impedes return to work and
school,3,4 disrupts family and social networks, and causes
increased social isolation, mood disturbance, and even
suicide.5-7 These disabilities are the result of a range of
cognitive, motor, sensory-perceptual, and emotional dis-
turbances, and these various impairments can combine
in complex ways, necessitating an interprofessional
approach to rehabilitation in order to minimize their
impact. For example, cognitive deficits may result in
poorer insight into changes in a person’s hearing; emo-
tional changes may affect one’s initiative regarding many
forms of self-care; motor deficits may make travel to
clinical appointments harder and less likely.

Therefore, patients with TBI represent a distinctive
and challenging population for hearing healthcare prac-
titioners. It is important for them to be aware of the vul-
nerability of people with TBI, including their diminished
capacity to practice optimal healthcare and, in many
cases, the absence of family and social networks to pro-
vide secondary healthcare support. The purpose of this
paper is to provide increased understanding of TBI,

focusing on the more vulnerable severely brain-injured
patients.

This background information will help hearing pro-
fessionals communicate more effectively about TBI cases
with other health professionals and will also help them
work more effectively with patients who have suffered
a TBI. We will start with a general overview of the clas-
sification of TBI. This will be followed by an outline of
the general pathophysiology of TBI and the impact of
TBI on the auditory system. We will end with a brief
discussion of the clinical implications for assessment,
diagnosis, and treatment of patients with TBI for prac-
titioners in rehabilitation settings and in the community.

CLASSIFICATION OF TBI
TBI is caused by an externally inflicted trauma to the
head (or brain) that can result in transient or permanent
impairments.8,9 The cognitive functions most commonly
affected are executive functions (i.e., a constellation of
higher-order abilities, including self-monitoring, plan-
ning, problem-solving, initiation and follow-through,
and emotion regulation), memory (both verbal and
visual-spatial), attention and concentration, and speed
of processing.10 As we will discuss later, impairments to
these abilities can have a significant impact on a clini-
cian’s ability to identify and treat changes in hearing.

TBI can vary widely in severity, although it is typi-
cally differentiated both clinically and scientifically into
the broad categories of “mild” and “moderate-to-severe.”
Classification of injury severity is most commonly car-
ried out by using the Glasgow Coma Scale (GCS),11 in
which a score of 13 to 15 constitutes a mild injury, 9 to
12 moderate, and 3 to 8 severe. The GCS score can be
obtained readily at the scene of the accident or in acute
care, and is well correlated with early morbidity and
mortality outcomes.12,13

Mild and moderate-to-severe TBI differ markedly in
their clinical presentation and outcomes and in their
time course of recovery. For the former, visible damage
to the brain is rarely detectable with conventional neu-
roimaging,14 a full clinical recovery is expected for most
patients,15 and recovery typically occurs within 3 months
of injury16 and often sooner.17 In the latter, permanent,
readily visible damage is a cardinal feature;18 a full clin-
ical recovery without persisting cognitive, motor, or per-
sonality change is rare;19 and an obvious plateau in
recovery is not reached until at least 6 to 12 months
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post-injury,20 although slower and less
perceptible recovery may continue there-
after for years.19

Because behavioral impairments can
affect the hearing assessment, the hear-
ing care provider should make use of
information that may be available in
reports or letters of referral regarding
prior neuropsychological assessments or
disability assessments (e.g., the Ranchos
Los Amigos Scale,21 the Functional Inde-
pendence Measure,22 the Disability Rat-
ing Scale23 and the Glasgow Outcome
Scale.11) However, the clini-
cian must also be mindful of
the date of assessment. Dur-
ing the early months of rapid
recovery, a report that is only
a few weeks old will be out of
date and potentially irrelevant.
In the rehabilitation setting,
hearing assessments are often
requested by the treating ther-
apists when their own assess-
ments reveal suspected hearing changes.
Thus, the timing of the hearing assess-
ment is typically linked to these other
impairment and disability assessments.

RISK FACTORS FOR TBI
The two leading causes of TBI are falls
and motor vehicle accidents.24 A number
of factors have been identified as
increasing the risk of sustaining a
TBI. The age distribution of TBI is
bimodal, with one peak between 15 and
24 years8,25,26 and a second peak in the
elderly, largely attributable to falls.
Impaired hearing is a risk factor for falls.27

Thus, hearing impairments may play a
causal role in TBIs in the elderly, given
the commensurate increase in hearing
impairment and fall-related TBIs in this
age group. Males are 1.5–2 times more
likely than females to suffer a TBI dur-
ing the first peak,8,25,26 but among the
elderly the incidence of TBI does not
differ by gender.

There is also elevated risk in the very
young (i.e., under 5 years).8,26 One may
speculate that failure to respond to warn-
ing sounds plays a role. Other factors
associated with increased risk for TBI
include depression, anxiety, conduct dis-
orders, lower socioeconomic status, unem-
ployment, lower educational attainment,
lower cognitive abilities, prior history of

TBI, and chronic alcohol and substance
abuse.8,26 Those who are acutely intox-
icated are at eight times the risk of sus-
taining a TBI than those who are not.26

Poorer long-term clinical outcomes
are related to the severity of the injury
and demographic factors, some of which
overlap with those above. Higher injury
severity,28 older age at the time of injury,
lower premorbid educational level,29,30

history of previous injury,31 substance
abuse,32 and premorbid psychiatric dis-
order31 all negatively affect clinical

outcomes.11 Cognitive impairments also
predict outcome. For example, Green et
al. recently found that the ability to
remember organized, structured verbal
information (e.g., a story or conversation
as opposed to a list of unrelated words)
and intact executive functioning are good
early prognostic indicators for return to
a productive lifestyle at one year.33

MECHANISMS OF TBI
There are numerous mechanisms of
injury to the brain, and injury to hear-
ing structures after TBI may result from
various causes, including mechanical
injury, lost blood/oxygen supply to tis-
sue, disconnection of one structure from
another due to “diffuse axonal injury”
(i.e., widespread damage to the axons of
neurons), and excitotoxic damage or
transneuronal degeneration, whereby an
intact structure loses afferent projections
from a damaged one.34 Thus, injury
mechanisms and neuropathology of TBI
can be classified on a number of dimen-
sions as follows:

Penetrating/Non-penetrating
injury

Injuries may be penetrating (open-head
injury) or non-penetrating (closed-head
injury). A penetrating TBI occurs when an
object or bone from the skull penetrates

the brain. This typically results from gun-
shot and knife injuries9 as well as work-
place accidents. Non-penetrating injury
refers to injury to the brain without
opening of the skull.

Focal (rapid impact vs. slow
crush)/Diffuse Injury

Both penetrating and non-penetrating
injuries may occur when the head col-
lides with an object. This may happen
suddenly, as in the case of a fall, assault,
sports injury, or the head striking the

dashboard in a moving vehi-
cle accident, or slowly, as in a
crush injury.35

It is important for clini-
cians to be aware that non-
penetrating injuries may occur
without a direct blow to the
head,9 as in the case of a seat-
belt-wearing passenger in an
auto accident or a soldier
within the blast field of a

bomb.35-37 Here, injury to the brain is
caused by the brain bouncing inside the
head against the bony calvarium result-
ing in contusions and hemorrhages and,
more importantly, by acceleration, decel-
eration, and rotational forces that com-
promise the axons and microvasculature.

These forces, which are generally asso-
ciated with the inertial forces common
to motor vehicle accidents and falls from
greater than one’s own height,38 cause
stretching and distortion of axons (of
neurons)39,40 known as diffuse axonal
injury (DAI) as well as widespread
petechial hemorrhage.40 Thus, they give
rise to micro-injuries distributed over
broad areas of the brain.41 In a serious
brain injury, diffuse injury typically occurs
with concomitant focal injuries.40,41 Focal
injury is used to refer to discrete, larger
lesions greater than 1.6 mm3.42 Focal
injury may be caused by a penetrating
injury to a circumscribed area or by blunt
force causing injuries near the surface of
the brain.41,43

Acute primary/Acute
secondary/Sub-acute

Initial impact injury is usually referred to
as “primary injury.” So-called “secondary
injury” refers to the evolution of these
injuries over time, involving hypome-
tabolism, white matter degeneration,
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or “Wallerian degeneration,” whereby
damaged axons and myelin slowly degen-
erate and are removed 44,45 and in some
cases result in total neuronal death.

Secondary injury is triggered by bio-
chemical mechanisms44,46-48 as well as
by mechanical axonal injury that can
lead to disruption of axonal transport,
accumulation of proteins, axonal swelling,
and eventual axotomy.41,49 The effects
of secondary injury on neu-
roimaging tend to take longer
to manifest and are eventually
observed on CT and conven-
tional MRI as encephaloma-
lacia.18

There is also accumulating
evidence that a second wave
of damage occurs over the
longer term, after the acute neurologi-
cal events have resolved.50-52

TBI-RELATED HEARING LOSS

Overview of auditory pathways

In the auditory system, sound waves
travel initially through the external and
middle ear. Hearing loss associated with
injury to the middle ear is referred to as
conductive hearing loss. When sound
waves reach the cochlea, they are con-
verted to electrical signals within the hair
cells of the organ of Corti. Hearing loss
from the cochlea onwards is referred to
as sensorineural hearing loss. From the
cochlea, sound information is transmit-
ted from the hair cells to the auditory
nerve to cranial nerve VIII (the vestibu-
locochlear nerve) and into the brainstem
of the central nervous system (CNS).

Auditory structures within the brain-
stem and between the brainstem and
midbrain are connected by the lateral
lemniscus, a major white matter tract.
Via this tract sound information travels
from the brainstem to the midbrain (i.e.,
the inferior colliculi). From the mid-
brain, sound information is transmitted
up to the auditory cortex of the tempo-
ral lobes via the thalamus.

All of these CNS structures and path-
ways are vulnerable to penetrating and
non-penetrating injuries. The auditory
cortex of the temporal lobes is particu-
larly vulnerable to impact injury. More
deeply buried structures in the brain-
stem and midbrain are vulnerable to

functional disconnection due to diffuse
axonal injury (particularly of the lateral
lemniscus) as well as excitotoxic injury
and transneuronal degeneration.53

Injury to the middle 
and external ear

Trauma and infection associated with
TBI can give rise to disorders of the
external and middle ear, which usually

produce a conductive hearing loss by
interfering with mechanical transmis-
sion,54 for example through thickening
or perforation of the tympanic mem-
brane. Head injury and blast injury can
also cause otitis media by damaging the
otic capsule or the tissues separating the
perilymph from the middle ear.55

Rupture of the membranous barrier
between the middle ear and inner ear at
the oval or round windows may result
in leakage of fluid from the inner ear.
Such a perilymphatic fistula may cause
progressive or fluctuating sensorineural
loss as well as vestibular symptoms. Non-
penetrating head injuries may cause more
damage to the membranes than pene-
trating head injuries and TBIs since the
accelerating forces may not be readily dis-
sipated, as they are when the skull is frac-
tured or the brain is actually damaged.55

Injury to the cochlea 
and cranial nerve VIII

The hair cells are the most vulnerable
elements in the cochlea,56 being subject
to damage by necrotic and apoptotic
mechanisms of TBI57 as well as excito-
toxic injury.58 Cranial nerve VIII is also
vulnerable to the consequences of TBI,
particularly pressure due to edema or
hematoma. Pressure may give rise to tin-
nitus due to imbalanced firing patterns
in the auditory nerve.59 Hearing loss and
decreased speech discrimination may also
arise due to lost temporal coherence.60

The hearing loss here can be identified
by loss in the mid-frequency range.61

Central nervous system injury
A range of hearing symptoms may arise
from lesions of the CNS. Auditory hal-
lucinations, whereby meaningful sounds
such as music or speech are hallucinated,
can be caused by damage to the audi-
tory cortex of the temporal lobe (as well
as damage to the medial geniculate body
of the thalamus). In addition, temporal
lobe insults generally result in auditory

agnosia, which involves aber-
rant interpretation of sound.62

Damage to deeper structures
also gives rise to distinctive be-
havioral effects. For example,
the ventral medial geniculate
body is associated with the relay
of frequency, intensity, and bin-
aural information up to the

cortex. Thus, damage to this region
would be suspected with loss of this
information following TBI.

Damage to the inferior colliculus may
cause changes in hearing by affecting the
frequency tuning, which may not cause
actual hearing loss, but rather increased
frequency selectivity and heightened sen-
sitivity to soft sounds.61,62 Compromised
integration of information from both
ears and compromised directional hear-
ing may be caused by damage to the
superior olivary complex of the brain-
stem, which sub-serves these functions
by comparing the arrival time and inten-
sity differences of neural activity from
both ears.

CLINICAL CONSIDERATIONS
The challenges for healthcare practition-
ers working with patients with moder-
ate/severe TBI are numerous. First, there
is the difficulty of diagnosing the cause
of hearing deficits. While conventional
neuroimaging can help identify focal
cortical and sub-cortical lesions, DAI or
atrophy of sub-cortical structures sec-
ondary to excitotoxic injury or transneu-
ronal degeneration cannot be readily
visualized. Therefore, diagnosis must be
made on the basis of behavioral find-
ings. However, given the confounding
effects of cognitive deficits that may affect
test taking, this is a complex challenge
requiring the use of information from
many sources.

Here, the rehabilitation setting offers
distinct advantages. First, a comprehensive
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neuropsychological assessment (or an
assessment of some aspects of cognition
or cognitive communication by occupa-
tional therapy or speech-language pathol-
ogy) may be available to shed light on
cognitive deficits that could confound
the hearing assessment or be confounded
by hearing loss. In the absence of formal

assessment, the hearing clinician also has
the advantage of informal communica-
tion with therapists working with the
TBI patient.

Relevant deficits include attentional
disorders and speed of processing deficits,
which may affect response to hearing tests.
It may be difficult to determine whether
the absence of behavioral responses is due
to test-taking difficulties or to hearing
loss. Language comprehension deficits
can similarly affect results of assessment.
Memory or tracking deficits—whereby
a patient understands and initiates a test
correctly, but fails to remain on task over
time—is another source of potential com-
plications during testing.

In the community, the practitioner will
ideally have reports from acute care and
in-patient care. However, these may be
less informative and, moreover, out of date
if they were written while the patient
was actively recovering, as discussed

earlier. Tests that rely less heavily on
cooperation from patients, such as event-
related potentials, would likely be
much less vulnerable to these con-
founds.

Cognitive impairments may also
affect treatment. A person with TBI
may require interventions for hearing

loss, infection, tinnitus, or ear pain.
However, TBI may compromise the
patient’s ability to understand and
remember the procedures required for
the intervention. Simple language, rep-
etition, written instructions (when a
patient has no reading deficits), and
demonstration of any technique by the
practitioner followed by hands-on prac-
tice by the patient will be of value. Also,
family support is always critical. Again,
in the rehabilitation setting, there is a
distinct advantage. Nurses and thera-
pists can work with the patient to help
them to learn and remember the inter-
vention. They can also report to the
hearing practitioner on the efficacy of
the intervention.

IN CONCLUSION
Traumatic brain injury is a common neu-
rological disorder, and compromise to
hearing may be a consequence. Increased
awareness and understanding of TBI can
improve hearing healthcare for TBI
patients and thereby improve their qual-
ity of life.

Yuko Koshimori, BA, Is a graduate student at the

Toronto Rehabilitation Institute. Kadeen Johns, BA,

is a Clinical Research Coordinator, Toronto Rehabilitation

Institute. Robin E.A. Green, PhD, C Psych, is Canada

Research Chair in Traumatic Brain Injury and Scientist,

Toronto Rehabilitation Institute. Readers are invited 

to contact Dr. Green at Toronto Rehabilitation Institute,

550 University Avenue,Toronto, ON, M5G 2A2 Canada or

at green.robin@Torontorehab.on.ca. None of the authors

are affiliated with a manufacturer or other commercial 

enterprise.

REFERENCES
1. Hyder AA, Wunderlich CA, Puvanachandra P, et al.:

The impact of traumatic brain injuries: A global per-
spective. NeuroRehab 2007;22(5):341-353.

2. Thurman D, Alverson C, Browne D: Report to Congress
on Mild Traumatic Brain Injury in the United States:
Steps to Prevent a Serious Public Health Problem. Atlanta:
Centers for Disease Control and Prevention, 
U.S. Department of Health and Human Services, 2003.

3. Hannay HJ, Howieson DB, Loring DW, et al.: Neu-
ropathology for neuropsychologists. In Lezak MD,
Howieson DB, Loring DW, eds., Neuropsychologi-
cal Assessment. New York: Oxford University Press,
2004: 157-285.

4. Kalechstein AD, Newton TF, van Gorp WG: Neurocog-
nitive functioning is associated with employment
status: A quantitative review. J Clin Exper Neuropsy-
chol 2003;25(8):1186-1191.

5. Franulic A, Carbonell CG, Pinto P, Sepulveda I: Psy-
chosocial adjustment and employment outcome 2,
5 and 10 years after TBI. Brain Inj 2004;18(2):
119-129.

6. Teasdale TW, Engberg AW: Suicide after traumatic
brain injury: A population study. J Neurol Neuro-
surg Psychiatr 2001;71:436-440.

7. Vickery CD, Gontkovsky ST, Caroselli JS: Self-
concept and quality of life following acquired brain
injury: A pilot investigation. Brain Inj 2005;19(9):
657-665.

8. NIH Consensus Development Panel, Consensus con-
ference: Rehabilitation of persons with traumatic
brain injury. Panel on Rehabilitation of Persons
with Traumatic Brain Injury. JAMA 1999;282(10):
974-983.

9. French LM. Parkinson GW: Assessing and treating vet-
erans with traumatic brain injury. J Clin Psychol
2008;64(8):1004-1013.

10. Lezak MD: Neuropsychological Assessment. 4th ed. 
Vol. 14. New York: Oxford University Press, 2004:
1016.

11. Teasdale G, Jennett B: Assessment of coma and
impaired consciousness. A practical scale. Lancet
1974;2(7872):81-84.

12. Dikmen S, Machamer J, Temkin N, McLean A: Neu-
ropsychological recovery in patients with moderate
to severe head injury: A 2-year follow-up. J Clin Exp
Neuropsychol 1990;12(4):507-519.

13. Lannoo E, Colardyn F, Jannes C, de Soete G: Course
of neuropsychological recovery from moderate-to-
severe head injury: A 2-year follow-up. Brain Inj
2001;15(1):1-13.

14. McAllister TW, Sparling MB, Flashman LA, Saykin
AJ: Neuroimaging findings in mild traumatic brain
injury. J Clin Exp Neuropsychol 2001;23(6):775-791.

15. Belanger HG, Vanderploeg RD, Curtiss G, Warden
DL: Recent neuroimaging techniques in mild trau-
matic brain injury. J Neuropsychiatr Clin Neurosci
2007;19(1):5-20.

16. Iverson, GL: Outcome from mild traumatic brain
injury. Curr Opin Psychiatr 2005;18(3):301-317.

17. Nuwer MR, Hovda DA, Schrader LM, Vespa PM:
Routine and quantitative EEG in mild traumatic
brain injury. Clin Neurophysiol 2005;116(9):
2001-2025.

18. Le TH, Gean AD: Neuroimaging of traumatic brain
injury. Mt Sinai J Med 2009;76(2):145-162.

19. Millis SR, Rosenthal M, Novack TA, et al.: Long-term
neuropsychological outcome after traumatic brain
injury. J Head Trauma Rehab 2001;16(4):343-355.

20. Christensen BK, Colella B, Inness E, et al.: Recovery
of cognitive function after traumatic brain injury: A
multilevel modeling analysis of Canadian outcomes.
Arch Phys Med Rehab 2008;89(12 Suppl): S3-15.

21. Hagen C, Malkmus D, Durham P: Rancho Los Amigos
Scale for Cognitive Recovery. Downey, CA: Rancho
Los Amigos Hospital, 1972.

22. Granger C, Hamilton B, Sherwin F: Functional Inde-
pendence Measure. Buffalo: Uniform Data System
for Medical Rehabilitation, 1986.

“…it may be difficult to determine

whether the absence of behavioral 

responses is due to test-taking 

difficulties or to hearing loss…”

22 THE HEARING JOURNAL Caring for  the Pat ient  with a Cognit ive Disorder NOVEMBER 2009 • VOL. 62 • NO. 11



23. Rappaport M, Hall KM, Hopkins K, et al.: Disabil-
ity rating scale for severe head trauma: Coma to com-
munity. Arch Phys Med Rehab 1982;63(3):118-123.

24. Langlois JA, Rutland-Brown W, Thomas KE: Trau-
matic brain injury in the United States: Emergency
department visits, hospitalizations, and deaths. 2004
May 30, 2007 [cited 2009 Sept. 4]; www.cdc.gov/
ncipc/pub-res/TBI_in_US_04/TBI_ED.htm.

25. Cassidy JD, Carroll LJ, Peloso PM, et al.: Incidence,
risk factors and prevention of mild traumatic brain
injury: Results of the WHO Collaborating Centre
Task Force on Mild Traumatic Brain Injury. J Rehab
Med 2004;(43 Suppl):28-60.

26. Vassallo JL, Proctor-Weber Z, Lebowitz BK, et al.:
Psychiatric risk factors for traumatic brain injury.
Brain Inj 2007;21(6):567-573.

27. Soriano TA, DeCherrie LV, Thomas DC: Falls in the
community-dwelling older adult: A review for
primary-care providers. Clin Interv Aging 2007;2(4):
545-554.

28. Dikmen S, Machamer J, Winn R, Temkin N: Neu-
ropsychological outcome at 1-year post head injury.
Neuropsychol 1995;9(1):80-90.

29. Dikmen SS, Machamer JE, Powell JM, Temkin NR:
Outcome 3 to 5 years after moderate to severe trau-
matic brain injury. Arch Phys Med Rehab 2003;
84(10):1449-1457.

30. Finlayson MA, Johnson KA, Reitan RM: Relation-
ship of level of education to neuropsychological mea-
sures in brain-damaged and non-brain-damaged
adults. J Consult Clin Psychol 1977;45(4):536-542.

31. Ponsford J, Willmott C, Rothwell A, et al.: Factors
influencing outcome following mild traumatic brain
injury in adults. J Int Neuropsychol Soc 2000;6(5):
568-579.

32. Kelly MP, Johnson CT, Knoller N, et al.: Substance
abuse, traumatic brain injury and neuropsycholog-
ical outcome. Brain Inj 1997;11(6):391-402.

33. Green RE, Colella B, Hebert DA, et al.: Prediction
of return to productivity after severe traumatic brain
injury: Investigations of optimal neuropsychologi-
cal tests and timing of assessment. Arch Phys Med
Rehab 2008;89(12 Suppl):S51-60.

34. Baheti NN, Bansal AR, Rathore C, Kesavdas C: Teach-
ing neuroimages: Diaschisis. Is it always reversible?
Neurology 2009;72(e79).

35. Maas AI, Stocchetti N, Bullock R: Moderate and
severe traumatic brain injury in adults. Lancet Neurol
2008;7(8):728-741.

36. Huang M, Theilmann RJ, Robb A, et al.: Integrated
imaging approach with MEG and DTI to detect
mild traumatic brain injury in military and civilian
patients. J Neurotrauma In press.

37. Kushner D: Mild traumatic brain injury: Toward
understanding manifestations and treatment. Arch
Intern Med 1998;158(15):1617-1624.

38. Adams JH, Graham DI, Gennarelli TA, Maxwell WL:
Diffuse axonal injury in non-missile head injury.
J Neurol Neurosurg Psychiatr 1991;54(6):481-483.

39. Gulani V Sundgren PC: Diffusion tensor magnetic
resonance imaging. J Neuroophthalmol 2006;26(1):
51-60.

40. Povlishock JTP, Katz DIMD: Update of neuropathol-
ogy and neurological recovery after traumatic brain
injury. J Head Trauma Rehab 20th Anniversary Issue:
Progress and Future Prospects in TBI Rehabilita-
tion. 2005;20(1):76-94.

41. Smith DH, Meaney DF, Shull WH: Diffuse axonal
injury in head trauma. J Head Trauma Rehab 2003;
18(4):307-316.

42. Nakayama N, Okumura A, Shinoda J, et al.: Evi-
dence for white matter disruption in traumatic brain
injury without macroscopic lesions. J Neurol Neu-
rosurg Psychiatr 2006;77(7):850-855.

43. Rao V, Lyketsos C: Neuropsychiatric sequelae of
traumatic brain injury. Psychosomatics 2000;41(2):
95-103.

44. Park E, Bell JD, Baker AJ: Traumatic brain injury:
Can the consequences be stopped? CMAJ 2008;
178(9):1163-1170.

45. Griffin JW, George R, Lobato C, et al.: Macrophage
responses and myelin clearance during Wallerian
degeneration: Relevance to immune-mediated
demyelination. J Neuroimmunol 1992;40(2-3):
153-165.

46. Yi JH, Hazell AS: Excitotoxic mechanisms and the
role of astrocytic glutamate transporters in trau-
matic brain injury. Neurochem Int 2006;48(5):
394-403.

47. Beauchamp K, Mutlak H, Smith WR, et al.: Phar-
macology of traumatic brain injury: Where is the
“golden bullet”? Mol Med 2008;14(11-12):731-740.

48. Raghupathi R, Graham DI, McIntosh TK: Apopto-
sis after traumatic brain injury. J Neurotrauma
2000;17(10):927-938.

49. Buki A, Povlishock JT: All roads lead to disconnec-
tion? Traumatic axonal injury revisited. Acta Neu-
rochir (Wien) 2006;148(2):181-193;discussion:
193-184.

50. Bendlin BB, Ries ML, Lazar M, et al.: Longitudinal
changes in patients with traumatic brain injury
assessed with diffusion-tensor and volumetric imag-
ing. Neuroimage 2008;42(2):503-514.

51. Greenberg G, Mikulis DJ, Ng K, et al.: Use of diffu-
sion tensor imaging to examine subacute white mat-
ter injury progression in moderate to severe traumatic
brain injury. Arch Phys Med Rehab 2008;89
(12 Suppl):S45-50.

52. Ng K, Mikulis DJ, Glazer J, et al.: Magnetic reso-
nance imaging evidence of progression of subacute
brain atrophy in moderate to severe traumatic brain

injury. Arch Phys Med Rehab 2008;89(12 Suppl):
S35-44.

53. Tate DF, Bigler ED: Fornix and hippocampal atro-
phy in traumatic brain injury. Learn Mem 2000;
7(6):442-446.

54. Nadol JB Jr.: Hearing loss. N Engl J Med 1993;
329(15):1092-1102.

55. Gordon AG: Perilymph fistula: A cause of auditory,
vestibular, neurological and psychiatric disorder.
Med Hypotheses 1976;2(4):125-134.

56. Bodmer D: Protection, regeneration and replacement
of hair cells in the cochlea: Implications for the future
treatment of sensorineural hearing loss. Swiss Med
Wkly 2008;138(47-48):708-712.

57. Eshraghi AA, Van de Water TR: Cochlear implanta-
tion trauma and noise-induced hearing loss: Apop-
tosis and therapeutic strategies. Anat Rec A Discov
Mol Cell Evol Biol 2006;288(4):473-481.

58. Duan ML, Ulfendahl M, Laurell G, et al.: Protection
and treatment of sensorineural hearing disorders
caused by exogenous factors: Experimental findings
and potential clinical application. Hear Res 2002;
169(1-2):169-178.

59. Eggermount JJ, Roberts LE: The neuroscience of
tinnitus. Trends Neurosci 2004;27:676-682.

60. Moller MB, Moller AR, Jannetta PJ, Jho HD: Vas-
cular decompression surgery for severe tinnitus: Selec-
tion criteria and results. Laryngoscope 1993;103
(4 Pt 1):421-427.

61. Moller AR: Hearing: Anatomy, Physiology, and Dis-
orders of the Auditory System, 2nd ed. San Diego:
Academic Press, 2006:328.

62. Swartz JD: Sensorineural hearing deficit: A systematic
approach based on imaging findings. Radiographics
1996;16(3):561-574.

NOVEMBER 2009 • VOL. 62 • NO. 11 Caring for  the Pat ient  with a Cognit ive Disorder THE HEARING JOURNAL 23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not downloading low Res ads from AdSpring.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


