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Major Divisions of the Ear

Peripheral Mechanism Central Mechanism
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Middle Ear

Tympanic Cavity
Tympanic Membrane
Ossicles

Middle Ear Muscles
Eustachian Tube
Mastoid

Virtual Tour of the Ear

Middle Ear Cavity
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Middle Ear Muscles

Mastoid

Eustachian Tube

Function _ Amplifier

Cholesteatoma

Temporal bone fractures

Otitis Medi
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http://www.augie.edu/perry/ear/hearmech.htm
http://www.sfu.ca/~saunders/l33098/Ear.f/midear.html
http://picinfor.googlepages.com/ossicles
http://www.drjimboyd.com/tt.jpg
http://www.upstate.edu/cdb/grossanat/hnsklattb.shtml
http://www.rxabbott.com/eb/hn026.htm
http://www.wadalab.mech.tohoku.ac.jp/FEM_mid-e.html
http://hyperphysics.phy-astr.gsu.edu/hbase/sound/earsens.html#c4
http://www.ghorayeb.com/Cholesteatoma.html
http://www.ghorayeb.com/TBFX.html
http://www.entusa.com/eardrum_and_middle_ear.htm
http://www.ghorayeb.com/PEtubesconsent.html
http://www.marshfieldclinic.org/earsurgery/otosclerosis.asp

Transformer/Amplifier

* Area ratio

* Thumbtack
* Lever %

e crowbar
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pathologies
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http://www.augie.edu/perry/ear/hearmech.htm
http://www.driesen.com/inner_ear_labyrinth.htm
http://www.medicine.mcgill.ca/physio/cullenlab/vestib1.htm
http://www.iurc.montp.inserm.fr/cric/audition/english/cochlea/fcochlea.htm
http://www.tnt.uni-hannover.de/plain/project/coding/audio/perception/cochlea_big.html
http://pcbunn.cithep.caltech.edu/Cochlea/#Results
http://www.phon.ucl.ac.uk/courses/spsci/c315_99_1/COCHLMTN.MOV
http://www.augie.edu/perry/ear/heardis.htm
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Hair Cells

Outer Hair Cells

* |nner Hair Cells

OHC movie
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http://www.phon.ucl.ac.uk/courses/spsci/spchain/ohc2-s.mpeg

Subjective audiometry

* Tuning fork tests
* Pure tone audiometry
* Speech/sentence/ audiometry
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Pure Tone Audiometry
Setup/physics
The Decibel

Sound intensity SPL measured in decibels
- log of intensity of sound
- NB.. A logarithmic scale

e EVROPSKA UNIE
* Evropské strukturalni a investiéni fondy
* AINISTERSTVO SKOLSTV

Operacni program Vyzkum, vyvoj a vzdélavani




Bone conduction
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Conductive Loss
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Sensorineural Loss
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Masking

Used to prevent non-test
ear hearing stimulus
presented to test ear
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Subjective hearing tests-disadvantages

* Perception hearing loss- is not possible to
differentiate

cochlear and retrocochlear ethiology

If there is not appropriate cooperation — children,
mental disorders etc.
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Electrophysiological Measures
of the Auditory System




Electrophysiological Tests

*  mmittance
* Evoked Potential
* Otoacoustic Emissions i
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Tympanometry

Changing air pressure results in
lateral, then medial movement of TM,
altering compliance of the TM

Air pressure varied in ear
canal from +200 to -400 DaPa

Constant tone presented

Reflected tone is recorded by a
microphone in the probe and its
intensity is measured and graphed as a
function of air pressure in the ear canal

1.5 cn3

The intensity of the tone reflected off the
TM and traveling back to the probe changes with /\
compliance of the TM i

—198 daPa B +209
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Tympanometry

* Objective
measure of the

function of the

TM and middle
ear

* 5 0r 6 basic
shapes

GS| 37 AUTD TYMP

400  —200 0

EVROPSKA UNIE
Evropské strukturaini a investiéni fondy

Operacni program Vyzkum, vyvoj a vzdélavani




' '@ 0O '@ le ] 'e F "o Y (@
651 37 AUTD TYMF 51 37 AUTO TYMP
651 37 AUTD TYMP
NAME. MAME
DATE NAME DATE
DATE
ECV: 1.0 cr? PEAK; 0, ECY: 0.9 . PEAK- 0.2 em?
GR: 85 daPa ﬁ&iﬂ" V- 1.6 et ”’“Eﬁa"ﬁ" GR: 110 —20 daPa R
1.5 cm 35 afa 1.5 amt
1.5 cm®
| — = ! e
—dD0  —200 0 +200 | . ; a0 —200 0 +0
dafa = — 200 L] +200 daPa
daFa
GSI 37 AUTD TYMP @51 37 AUTO TYMP G5 37 AUTO TYMP 651 37 ALTD TYMP

NAME NAME NAME NAME
DATE DATE DATE DATE

: : : . ECV: 0.7 cm'  PEAK: 0.3 e C1dem® PEAK: 0.4 e
B T BE W R fosd TS R wan s R
15 e 1.5 om® 1.5 ¢ 15 et

— o e,
— ; : ! —t ) * — y
=400 —200 0 +30 fondly —400 =200 200 400 mdﬂh 0 +X0
daPa a vzélavani AR

MLADEZE A TELOVYCHOV




‘,'l*\

’_ i

—

i

L

BTN

(&

NAME.
DATE.

B EE 0T

1.5 cm?

Nn@ﬁw

x>

FREAJEMCY (I HI) TRCLAICALT [IAL)

125 260 500 100 2G0& X080 AOD 155 ear e u’ﬂﬂ'ﬂ MEW'-'I “:Wlil -HH']
i I I o T
’ lszé?l’x : : T
- 1 1 1 1 1
n T -
: : : ! ~ an ! L L :
g e I
Sx : — =% T
ﬂ 1 1 # 1 1 1 1
T " ! : E < ?}:&H T
B : ; oW et R -
g . : Tz, “ﬁ:gﬂ%&rsm% !

NIE E H I | ! @ | | | ﬁ_
kturalni a investiénifofidy —N i : ™ i i | |
1 Y I 1 1 1 1 1 1
ram Vyzkum, vyvoj a POV TN P R B I I I
MLFDEZEA:’EL vvc?—wo A : : 1 : :
i 1 | i i - ! ] : :

1 1 1
| i | 0¥




e ol = o . = ﬁ o
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Middle Ear Muscle Reflex

* Also known as acoustic reflex or stapedial
reflex

* Measured using same equipment/probe as
tympanometry

* Looking for sharp reduction in middle ear
admittance 1n response to loud sound due to
contraction of middle ear muscles.
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Acustic Reflex Treashold
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Abnormal ART

Table 7-7. Acoustic reflex threshold 90th percentile cutoff values as a function of hearing level at
500, 1000, and 2000 Hz.

90th Percentile Acoustic Reflex Thresold Norms (dB HL)

Hearing, Silman & Gelfand (1981) Gelfand, Schwander, & Silman (1990)

Threshold e S s e =

(dB HL) 500Hz 1000Hz 2000Hz 500Hz 1000Hz 2000Hz
0 95 100 45 U5 95 95

5 a5 100 95 a5 95 95

10 95 100 100 95 95 95
15 95 100 100 95 95 g5
20 a5 100 100 a5 a5 a5
25 95 100 100 a5 95 a5
30 100 100 105 95 95 100
a5 100 100 105 g5 95 100
40 100 105 105 a5 95 100
45 100 105 105 95 95 105
50 105 105 110 100 100 105
55 105 105 110 105 105 110
(a4} 105 110 115 105 110 115
65 105 110 115 110 110 115
70 115 115 125 115 115 120
75 115 115 125 120 120 125
80 125 125 125 120 125 NR*
85 125 125 125 NR NR NR

290 125 125 125 NR NR NR

* NR indicates no response at 125dB HL.
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Otoacoustic Emissions

* David Kemp disovered OAEs

* Acoustic energy produced by
the cochlea and recorded in the
external auditory canal

* Most likely energy produced by
outer hair motility and possibly
outer hair cell cilia

* Objective test
« DPOAE
« TEOAE

AL EVROPSKA UNIE
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Emissions (DPOAE)

Hair cells elongate
and contract creating
acoustic emissions

Janet Stockard Sullivan 2003

*

*

Stimuli pass
through middle ear

Traveling wave initiated
on basilar membrane

17

Paired tones
presented

R

Emissions recorded

Reverse traveling by microphone in probe

wave set in motion

e———

Response passes
through middle ear
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Whatis an ABR?

* The Auditory

Brainstem Response is | /f\ 7

the representation of o \ \

electrical activity F/ - | \ / 1\ )
generated by the eighth ;. / | [ NS
cranial nerve and \ / Y | /
brainstem in response =~ - L/
to auditory stimulation \ /7

2 L T 8 § i
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How is an ABR recorded?

* Electrodes are placed on the scalp and coupled via
leads to an amplifier and signal averager. EEG
activity from the scalp is recorded while the ear(s)
are stimulated via earphones with brief clicks or
tones.

* A series of waveforms unique to the auditory neural
structures 1s viewed after time-locking the EEG
recording to each auditory stimulus and averaging
several thousand recordings.
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Evoked Potentials

* EcochG

* ABR

* Middle Latency
* Late Response

% Happy baby all wired up for ABR test
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ABR Wave

| Auditory Nerve
Il Auditory Nerve
lll Cochlear Nuclei
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ABR Supra-aural Phone Data

ADULT NORMS

Absolute Latencies (msec) Interwave Latencies Imterear Interwave Differences
| 1.7 015 12 I-IT1 21 013 il 010 (11 03T i04)
I 2R 017 i3 -V 4.0 023 47 013 (10 043 (0.5
(11 19 019 4.5 -1y [.2 016 1.7 012 14 (.54 (0.6
IV 5.1 024 8 - [ 018 24 .10 i1l (43
W 5.7 .25 05 Iv-% 07 0 1o 1.3 013 14 (57 (08
Vi 73 (.20 .2 WV .5 (x5 23 22 19 (0,70 (18

Mormal values for BAEPs obtamed from 50 normal subjects (15 to 31 vears old, mixed gender) at 10 chcks/sce. Square wave duration
was U1 msee, click imfensiy was 60 dB 5L, constant polarity, Latencics were measured to the wave peak; where a peak was not well
defined, a midpoint of the wave was cstimated. When waves [V and V were fused into a single peak, the latcney was taken to the
point of final inflection before the negative limb of wave V', and this was recordad as wave V onlv. [T either wave appeared as a
distinct step on the other, this step was taken as the wave peak.

From: Chiappa, Keith H, M D, Evoked Potentials in Chinical Medicine
Sccond Editon, Raven Press, Mew York
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Newborn ABR Latency Data

Tabde B-3. ABK Latency and Amplitude
Values as o lanction of Intensily Level in

Talbde B-2. ABR Latency amd Amplitucde valwies
lor Hil B HL Click Intensity Leviel im Mewlborns,

Mabe: Beporbed by Gorga et al. { 19ET)

Mleasurement parameters: stmulus-clek, 001 meaaz,
HOdB HL (110 dB peSPLY, 13 see, meniaural, Beyer

L¥148 srphone; scoquesation

filters, 100=3000H,

amplificatnon, TN sweep, 124D amalysis times,
15 misns clevirodes, Ce-Rh. CA=concephonal age m

wieks: I = numiber of nlamis

investiéni fonc
um, vyvoj a vz

Mo b,

Latency (msec) Wave V latency (msec)
CA [N} I V o[ v | v af':q‘.r:];-r. LU LR E AT e
— — Mean | 705|762 | 848 |02
I'-.-l:..nl L L-H "I.I_:j I_'“:l _i,! 5'_:; 1 0 Jodl ECH EE
; ':. I:'-l — ol | oo (s .2 .56 3536 150
SERLN SO S — Menn | 702 | 758 | 842 |9l
fylean 1.7H A Vg el 2 2.5 5.2 I 03k 0.43 054 VoET
S0 IEAEI S EEE EED TETTILET
= - - 3 e ]
37-35 [134) _ _ — Menn G 745 Paon JusT
Ml 174 [ e [ zen | 230 | 507 0 5 Tos Toa o4
S13 021 ) 042 | o) |ooas | o4l A ' ' '
3940 (111) Mean | 682 | 730 | &11 | 956
Bl 172 esz ]z | 238 | sow . . -
| [ T
T s T om0 e R J]-ja._!::-_'“ .k (.44 e Ny
142 074) Men | 660|720 | 508 |oa
Pelein Lot | Gty | 294 | 2.24 3,001 <[ 1.2 11,24 ih35 [ 054
S0 IER NN EET aaan = —
4 00 Mean | 653 | 708 | 704 | 006
Mlizam 1.55 65,53 265 2.2 4. = [ %2 a1 iL51 51
i ) 015 | 032 | 026 | 0.2 0.3l Note: Reported by Gorga et al. (1987).

Mmsmament paramebers: stimulus=-chick. 0]

msee, 3Eec, monaural, Bever LTAR earplone:

filiers, 103000 He: amphication,
MR, svweeps, 124D amlysis ez, 13 mees,
clecinodes, U= CA= conceplhional age i

ill\.'l:|IJI!'iI|:Il:|I'|

et ks M

mirmber of wafanis,



ABR in peroperating monitoring during operations for
vestibular schwannoma
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