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Impedance Audiometry
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FEEEY Wol: MY FNE 22 5
o7t HEtE B&oN awE ouA 2A
AL F7b gl ole o] & mEe Y
A B& fo] e AHR Hol 7]
Eolnl @b ol R Aege 100%0] 7H
A Erh 2g AR e AN £EFE
A §A= Az Pol gk dvdas}
We 37 Weld dhas e Yoz &
A8 adHoz AL Fv 59 We 3
A7E BasA AUk o)A@ A Lol W
7N AP Folst gaatA HUon

Table 1.

olEM  wjdel o]z Qlsle] & o1ixe
0.1% o] Aed 4 yol gl B3 Iuy
F S0A =}

Fold & FE g

1. Catenary lever : 3%
AFaAA BBsA 52 malleus°)|

S EYe Holx ouo) A%
(curved membrane effect).

2. Ossicular lever : malleus handle® incus
lo‘ng process®] o] zolo] o7 Ao F}
T 11599 FEAAE B,

o
o
&
o

p{‘

Summary of the concepts of the middle ear transformer action

Transformer component

Definition

Numerical value

Catenary lever
on malleus

Ossicular lever

Areal ratio

Total lever advantage
tympanic membrane

External ear condition

Force acting on tympanic membrane/force acting

Force acting on malleus/force acting on stapes
Area of tympanic membrane/area of footplate
Force acting on footplate/force acting on

2.0

115

21.0

483
(34dB)
(15dB)
total system gain=49 dB

KEY WORDS : I

ry * Stapedial reflex test
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3. Hydraulic lever : %3 §Z % (stapes
footplate) & & ztolo] o}t 2109 F
Fo] 7hsdtt.

gag FRA AP 2ggUAE A
2 g g o, AR oo FFH
AYe A%stn drAe wapebd "o &
LA % F (immittance) & FFolY
A (admittance) 9} ¥HAo L] ] (impedance) 2}
ozt & & gow o m whAEE oy
Age JYPste 2P DA He
Mz A gdeje] we ¥ & ok & 9
ve e Ber goW wAEE dluA
%ol AXA @

A E2 FYAAG o) g BFE o3}
o deol=g "B el oz ¢
2e Wb A 53X F345 (frequency)
2 2% (intensity) 8] &elUAE & ), 3
e A ¥l EE S glUNE FAHse AA
olth. & WAl F foam Fo|B
o AuE HHoz Yriste dAgn &
F A Fole Aol we ojmoA AF
o] ¥ Wolz2 2gduAE AgHez A
QEEE Agste Tor, o Fo Wwlo] A
718 Df guldze dstg zYshAl 2 A
olth ol& HAtshe o] utz JdHHx Y
AAgtn & & ok

A Fol TREL mass effect stiff-
ness effect7t 2 A sHA A@FozA Lejdd
< A% HA FHE FA%T den o4
Aol g ey g4 g 2ok
2. — S 2
R?+ (2nfM 2—M>

(F: force, V: velocity, R: resistance, f: fre-
quecny, M: mass, S: stiffness)

Fol7k F712 ANA e Wl AF (R
‘0"l ZHRHAl Hof dMEzo] & FgE 7
A ZaA Aok adY Fag (D7 gl
o met masse] P ol won we F
HFANE stiffness®] FFE Bol WA Hrh
& Zol¥ mass§ F7HAIE

HE, stiffness& F7HA71€ &

Impedance=F/V=

L4 1SR
€ AL

A&7l

& S0 9n 24ze) de e o

* mass& F7HAVIE 84

22 ¥ (tympanic membrane  hypertro-
phy)

FolZW AAAF Fe AFAA ] A3}
(MEE)

* stiffness® 771 84
Jelgt Fol Atelel 7|t BT & (E-tube

dysfunction)

ol&& BHel 73 (ossicular chain stiff-
ness)
@93 F2 FYFel %3 (Oval/Round

window stiffness)
o]2E Z%%% (stapedius m. or tensor

tympani m. spasm)

Mass % stiffness¢t #HASE W2 xo)
Folde A Aol slolelA el
AuA Age Hage @ oy, 44

2 HAPAE Foho] o8 ABHo2 HI
% e

1. EEHA HEADT|

Aoz FHA e 2y 1% go] 74
o] k. Al71E oA (probe tip) & F38to] 9|
olke] dPHed oMo Boe R&ge
I cuff7h Q1o delxg @A PHAAL
A Helgleh olde F¥W Y] (acoustic
transducer, probe system), ¥ <$}73 7] (mea-
suring microphone) 2 YA 79 ¢ETE
Egate FFHAB7IE= probe tone (220 or
226 Hz, 660 or 668 Hz) & A A7) oscilla-
tor7k AZHo] glo] BHLFN ASAde
220 Hz~85 dB SPL, 660 Hz~80 dB SPL,1000
Hz~75dB SPLS] &¢ A= @b =3
TES WAL oA FHAbelE 250~6000 Hz7tHA]
9 &5& AW 110dB HLoY #A 3Ix&
ok BIIHIE folxd A4S —40090A4
+400 mmH 07 A WA & e} ol 9
olx9 ¥ 99t Pascaldl HAEHQ
deca-Pascal (daPa)¢ AH&-3}7]1% 319 (1 daPa
=102 mmH,0) #&¥sE BE FgoN &
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U g e

-—
_’ /_m/_—-m Sound pressure

Fig. 1.
control)

Yo o)FEHA Rtk Oscillatorsl A
A€ probe tone©] Tutel A WHAIH AL o
9 &1 AE microphonedl] q EHata ojg
FA(F2 voltage) 2 YERRA 2} (unit of
admittance, 1 millimho (mmho)=1ml of air
volume at 220 Hz).

2. TG ZHapey

o2 L HAE tympanometry, sta-
tic compliance, stapedial reflex %
reflex decay 59 ZHARg#®o] U},

1) DULEAN A% (tympanometry)

Probe& %3t single low frequency (220
or 226 Hz) & high frequency tone (660 or
668 Hz), 85dB SPL& Fi mutelA whabs]
= FdUAE 3390 dndozE low
frequency tone& %ol AL&8ki 21 high
frequency tone> UF F ol (o, ossicular
discontinuity, atrophic tympanic membrane) &
HEA 2AE U 44E el e,
AFge nFjo) vlstel 2ele) vjAA Y
(R)°] A=) 1o reactance (X)¢] 71
7t e 289 540 gt} (z5X). Jolw
Wel S719MZE el +400914 —400
mmHOZHA] 2:A17)8 A grejwiste] ug =
° compliance W3HE A& Moz W AL

A4H0
tympanogram ©] 23l @tk o] W 1} comp-

stapedial

I

“~ Pressure
indicator

A simple diagramatic illustration of an immittance instrument AVC (automanc volume

liance’t 12 H& W7} Fo]7
el ot Hol Hw e
3 FHAM FoBW 4H, mee &%
olaZ A G, dolwgt Foge Huy
T Y TEA L ¥ AuE FAY 5 3
o}

tympanogram®] ¥Fol AASe] e} o
&9 Wg] 9lg F o 2 NEFele 2
Aol7k glom Sjolxwe] 7he ghe Walel uf
€ dynamic compliance, peak compliance %#
3, static compliance 59 93] EFFc}
Peak compliance® 71508 & mj, HAREo)
weh oha Zelzh Qli=u dutH o R peak
compliance %8 H-& F4 71¢ SHo)A B

= 7"°§_ Hth —100 mmH 001 el 4} o)
F, AYF} o] el gAYL of
== Tr7~|7} H A peak compliance’t —
100 mmH,0 ©]3te] &toz o]F® AL C
%, compliance W37} glo] 3 Aeg B
oz Hdte WEo] RUHo R BolEY

i gleh =¥ A¥ 9 static compliance % °]
ol w2t As (shallow), Ad (deep) & ¢
Jergere 02~1lccE 7I1EHoz EFF uf
2tk CHIME peak complianced] &% =
°l% Axel weh (-200mmH,08 7IFo 2
3ted) Cy, C; ¥ static compliance ¥olol wa}
Cs, Cd2 WF7l= 2ok Peak?} 27090 A S

43 2ol x|
noeEEe
ar

l
o
u

€ 31e
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N

Fig. 2. Liden-Jerger classification
¢, Normal, SNHL, otosclerosis
T NogRau H VARIANTS As¥ At compliance: AR 2 W9
W ool glot mmbel gAgo] He
(NORMAL) A“a A2 Fo] 29 mass & stiffness
effect Z7kell o @hct,
HN-s
(“2"6;:“ ﬁ; >o& &5 oll, ossicular chain stiffening, otosc-
HN-g \PRESSURE, : j lerosis, tympanosclerosis, middle ear
) effusion
TR-§ Ad® D Ht compliance= AT 2o W9
(TRANSITIONAL) Qhell glovt mupe) g2 Qlo] WY
TR-g _+ _‘F Ao F7hY ZAS= ossicular dis-
crr ruption®] I tiEAHQ ot & & gl
(EFFUSION) SF :F + .
e <, monomeric drum, drum atrophy,
He (,'““(ss'w:z) _A healed perforation
B¥ : liance®] HIX7t Qe B2
Fig. 3. Paradise et al's (1976) classification FolZe AAHFY nguF 59

g & sloh

ol, MEE or mass, thickened drum,

impacted cerumen, tympanosclerosis
- tympanogram®] peak”t —100 mmH,0

€ E¥ozg TR}
A% A4 compliance (1B Z ] ZxH) 7}
—100914 +100 mmH,0 Atolel A #

FH9E Aoz FolZ 4ut Fakd
< g
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CLASSIFICATION

JERGER (1970) FELOMAN (i975)
TYMPANOGRAM LIDEN etal (1974)

TYPE- | PRESSURE | AMPLITUDE | SHaPE
1" a NORMAL NORMAL  NORMAL

NORMAL FLACCID  PEAKED

NORMAL STIFF  NORMAL
ABSENT-NEG. _ STIFF FLAT

SOSENTINES _STIFF Rt R
ABSENT-NEG.  STIFF ,  FCAT

Fs J* c -125mm STIFF  NORMAL

? + 90mm  NORMAL  NORMAL
[ NORMAL  FLACCID NOTCHED
3 NORMAL  FLaccip °5E%BRos0

c -200mm  FLACCID NORMAL
DEEP, 8ROAD

2c/E -200mm  FLACCID “Rofcmns
As NORMAL STIFF peatinsation

“300 | 0 +300
Pressure in daPa

Fig. 4. Feldman's (1978) classification of tympanometric shapes

OdaP
Gar

C I

Compliance

. L .
—200 0 +200

Pressure mm H,0
Fig. 5. Basic 5 types of t

EZ ! % /M peakE 7lAE Aoz ‘M =
€ ‘WE 239 notchE RET 5
s ZFol gste ¥ B FH 4y
o)zt & A& E¥o =, FFo] peak

Fig. 6. E and D types (double notched peak)

compliance® FAo 2 oalstA g & ossicular discontinuity, post stape-
vel % 2 AT Gt de R dectomy o &3 JelUr 53 668
< DIeE UyrE @ EF Hz9l R&g ol&8ge o 3 @
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Table 2. Summary of diagnostic information available from the tympanogram

Pathology T

ric characteristics (330 Hz probe tone)

Otitis media with effusion

E-tube deficiency
autoinflation

Patent E-tube

Open- petforation

Thinly healed perforation

Ossicular discontinuity
tion

Otosclerosis

Sensorineural hearing

impairment
Glomus tumor
Totally obstructed ear canal

Negative middle-ear pressure. Flattened, rounded shape
Negative middle-ear pressure, occasionarlly positive after

Pulsatile variation synchronous with respiration

Flat curve at high admittance value

Sharp high peak

High peak, generally not so sharp as thinly healed perfora-

Usually indistinguishable from normal
Normal curve

Markedly pulsatile variations synchronous with heartbeat
Flat curve at low admittance value, or zero if the probe

tube impinges on obsturction (or is blocked)

Tympanic membrane damped
by wax, foreign body or debris

Palatal myoclonus )

Osteogenesis imperfecta

Flattened rounded shape, at normal middle-ear pressure
(if normal E-tube function)

Irregular twitching in the admittance recordings

Normal or high-peaked curve

40,

s
4

Admittance modulus (mmhol
s

@
10 /

te)

-30  -200 ~100 100 200

Ear canal pressure (da Pa)

Fig. 7. Typical tympanograms for (a)a nor-
mal, (b)drum perforation, (c)blocked
admittance meter probe

2 26HzolA Uehte Agde, v

Sjolm &3zt Fo|7 o] FA4A A
FED B o194 19 umbo level7tA1 9} 4
29 AF, 24go] mote gojx wolg =
ol7FRe] W3 g W, Aol FolA #BEE
B, fol= &3 FgolAW Fo|Z o
SqZ god o) FEd  AFo

2
E 3.0
£
E20
§ 1]
Eof " N
2
]
~300 ~-200 =100 100 200
Ear canal pressure (da Pa)
Fig. 8. Typical tympanograms showing (a)
negative and (b)positive middle-ear

pressure

oA #3d 5 Atk DL healed perforation,
Fol Wolu o]a¥ A7t g7 =AU A
d HEP AS, 2% ZA AX} Ye BS
SollA vephde

Clinical applications of tympanograms
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4.0, TYMP DIAGNOSTIC TEST 1
al Ytm 226 Hz L

e

3

Admittance modulus (mmho)
= ©
5 3
s
o
-

N .

[}
0300 -200 100 o 100
-0 200 - -480 -200 @  +200 daPa
' Ear canal pressure (da Pa) P 56 daPass
Fig. 9. Tympanograms for the Rt and Lt EARCANAL YOLUME! sl
ears of otosclerosis. The hypermobility TYne 1: RN

resulted from generalized thining of
tissues, including durm, as a part of 9 B . . :

the disease which is thought to be of Fig. 12. Ad in case of ossicular disruption
mesenchymal origin.

TVIP DIRGNOSTIC TEST 2
Yia 226 Hz R
1.5
'
2
.5
1
| L]
)
-408  -200 @  +280 daPa [Py 2
so Cararl o 430 T-2ee % ezee dors
EARCANAL vOLUWE: 1.9 EARCANAL VOLUME® 1.5
- d2fs ml daPa  m1
e 1: -30 0.7 ?
Tine 4 el TYme i 238 2.8

Fig. 10. Patulous E-tube. In this case, tympa- Fig. 13. Cd in atelectatic ear case.
nogram with holding breath is nee-
ded.

TEST 1
Yin 226 Hz L

1
VNP DIAGNOSTIC TEST 1 t.s
ml Ytm 226 Hz L
1.5 1
! .5
.5 o |
‘ o /_,_.__—-44\
A
! -480 -200 e +280 daPa
| B < 50 daPass
-400  -200 o +20e deps EARCANAL VOLUWE: 7.0
..... 50 daPass Tvmp 11 daPa  ml
EARCANAL VOLUME: 1,1 e He
daPa nl
TYMP 11 5 8.2

Fig. 14. drum perforation. note the increased
ear canal volume.

Fig. 11. As type in case of thickened drum
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ITYMP DIAGNOSTIC TEST 1
ml Ytm 226 Hz L
1.5

1

0 d———

-400  -200 )

+280 daPa
e 58 daPass
EARCANAL VOLUME: 0.9
P2 ml
TYMP 13 NP NP

Fig. 15. Flat type tympanogram in middle ear
effusion.

** Tympanometryt %ol ZHE w¢ WUH
A itgdste AALERA /8T HAblAT
middle ear dysfunction® tympanometry shape
o #Ale HPstnz Bea o)g medteiof
@

# Otosclerosis : normal tympanometric pat-

tern with 40~60 dB conductive HL

# Monomeric durm : grossly abnormal tym-
panogram with normal hearing
MEE : tympanometric shape effusion %
7 o] 1o, effusion Fol BobdF
Z 3ute]l 2ol flatol ZHRHAT AT
AF AEdo] umbo levelE Holok I%
& 7IXE Aoz gEA vk
# 49 tympanogram 4 peak’} lthe A

< AEde EAs BAglel, FolZiel

717 Slde Sjujgie] ol

**

A&

spontaneous recovery’} 71540l uj$- &

< FL 43 A2 AFY F ok
Tympanometric peak’} A& pressures.th
€ peak height %2 static immittance”}
o & 44y gug ze
# dojxme] R A A& ol
Frotoll X o=} By wjfo] ot
58 AFA SJolxol I o] 1
ool Bge] wrgdHA ol A F e
238 GFo Folopsitt, eky SF2
WAL GARE 27 AL S lon o
33 oxe Ha A% 2jgAXE &
gulg zZtedn B1g ue Aok
2) Stapedial-reflex test
(D) o1& Fojulole F Mo 2&o] &4
3h=tl (tensor tympani and stapedius) AF&]
B ol=g T BE HAFE FE 2
3t 22 WAL (reflex arc)& §3Hd stapes
o] Fatele $IF2 (stapedius muscle)°l +3%
37 €k BF 29 $£52 stapes footplate
Aol Watg FAH FoloA Uolze o
UAdegSs 288 F Yot o] M Z
SAFL2REH Yolg HIdhe J8g dn,
ol 1Ag o) g5 &yt AgEe AE,
% ossicular chain®] e} 3 reflex arcs} Y
A, EA R H9ER o) YT e
g 4 o

Eid

@) e AT FoFE 500, 1000,
2000 Hz& Aejste] Fe] fEgxg 2

Ascending auditory pathway

Fig. 16. Pathway of stapedial reflex arc by sound stimulation

- 268 -



Clin, Otol. 7 2, 1996

A

Acoustic
stimulation
Reflex
contraction

M.STAPEDIUS

Acoustic g
stimulation COCHLEA

M.STAPEDIUS

IPSILATERAL STAPEDIUS REFLEX PATHWAYS

MULTISYNAPTIC PATHWAYS
E
#

COCHLEA

M.STAPEDIUS

CONTRALATERAL STAPEDIUS REFLEX PATHWAYS

MULTISYNAPTIC PATHWAYS

vcn\\-‘-\/-‘—/vcn
Z o\ O

COCHLEA

Reflex

M.STAPEDIUS Contraction

Fig 17. Schematic diagram of ipsilateral and contralateral multisynaptic stapedius reflex path-
ways. N8; acoustic nerve, VCN; ventral cochlear nucleus, TB; trapezoid body, MSO;
medial superior olivary complex, N7; facial nerve

o

ted 70~90dB HLA % o3¢ 78 4ds
Ee W&t A58n A gast @
7R ASHEE &2)F o] compliance
AA AH 1% 002cc o144
Hole Hid & FEE Zerh
T} 1ol M 500~2000 Hz9) %2
o, W% AL A3FshdE 70~100
dB HLIIA ¥k Yehviel, 52 Ag A3
3 oJRU 2~14dB W& ZEo|A whAbb
Hehdth &g FAld AT sk Heole o
3dB W e ol uwhabzl uehdo weep
pure tone WAl white noise® FE& ZALdE
EEET 10~20dB 2 o 65dB HLS] WA}
AAE BATh FAAAA 4000 Hzoll 9] 52
ML FRE dHoE guje gio.
‘mild or moderate unilateral conductive
hearing loss i 24P T v g G4
© mod or severe hearing

0ol 2
S

N
s

o

=3
=

d

loss 5 reflex (=)

*cochlear type sensory neural hearing
loss 5 less than 60dB SL (recruitment pheno-
menon)

2y el Fu ojgoz AsiAe A

T ET WAL BFHA QA H, ol
WALE do7)E HA 9] sensation levele ok
15dB SLEA o= 7154 ¢4 (functional
hearing loss)& 7838l WHoz o4y x
ek,

* retrocochlear type ; reflex (—), reflex de-
cay (+)

< brainstem lesion 3

ipsilateral stimulation - reflex (+)
contralateral stimulation - reflex (—)

CEEZ WS 500~2000Hz FQelN 2
Su1& 23 gleh. @k ABR olste] vy
o HAE Faote] Yoixe) A Uy
ol ddHez F&AA 08" & U
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bormal |. Absent | F{ey]D Normal

Abnormal |. Absent I
(®)

Right ear @ I.elzeu. Right ear @ Left ear
lig:/ D a il D

I Key !|:| Normal

@)

Crossed Crossed )
S6
Uncrossed Uncrossed

[
()

) Abnormal |. Absent |

(] Normat bnormal ’. Absent |I(=y ] Normal
@

Right eat m Left ear Right ear @ Left ear
an 1] [ D

Crossed Crossed

B o
Uncrossed Uncrossed

Fig. 18. (a) Conductive problems in the left ear or a left 7th CN disorder (b) Lt. cochlear or
retrocochlear lesion (¢) i with brai disorder (d) associated with brains-
tem disorder

a

100]

Eighth Nerve

3

2

Reflex Absent, %
&

76 80 %0 10

40— 50 60
HL in dB (1SO-64)

Fig. 19. Relation between degree & types of hearing loss and reflex absent percentage

Z ABR(1kHz, 4kHz)olA B4z dehd (1) Compliance® HWistel tigh »3d
oteldl A B2 bzt YehdA oke Aol 89 ¥ k), F S 98 2% 542
e A SYgoldg HY2Ae A4 £ AUtk EA AFEol EE olmoA FolFem
3) Static compliance AgHHdE 4248 Ju@dch 53] static comp-
liance= ol FolZe ¢RI @
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< @9 299 compliance (maximal complia-
nce)& FH3e Aoz, olE Mo 2 F
FE A ngelMe FFe Ynjsie
admittance®] 7Adelets & & itk

Probe tipol 419 admittancets 901% &7]%
29| ad o 12+e) ad o] Folet
@ 5 Aok Adds waA LMY admit-
tance &-& F3leld o) F7184 admittance
g wok &t} (static compliance).

(2) Static = maximal
—compliance at +200 mmH,0

200 mmH;0%1 4 ¢} compliance & ear probedl
o3te] AAE ol Ze §2<¢ HA complia-

Stimulus in unatfected side

A

)
H
H
] Sumlus in affected side
2
g

1 : .
o ' 2 3 e« 5 & 7 8 9
Time (seconds)

+
]

Fig. 20. Acoustic reflex decay test. Note that
stimulation is applied to the contra-
lateral ear.

ncedl Al wiAl S 1ot Mg liance S
T 5 oy, g5z 4L S 94F
7He v

3) sjele &3
normal : children 0.5~1.0
adult 0.6~2.0
“normal, SNHL, functional hearing
loss
low : <0.25
- adhesive OM, MEE, Ossicular fixation
high : >2.0
- ossicular discontinuity, large healed
perforation
very high : children>2.0
adult>2.5
* perforation
4) Acoustic reflex decay test
Acoustic reflex threshold®.t+ 10dB %<& 7%
2 500, 1000, 2000 Hzol 4 1023} contralate-
ral stimulation & W] compliance’¥ 38 &%
@} % stapedial reflex?] W3lE #F3e= A
o]t} ©]& retrocochlear lesion& X &3t7] $
A AHgsE ez 10&ulel 50% ol
decay’t o® FAHoz WA} 53] 500
Hz $2S0lA og oort flow, giaze
2 Adge o 30%0 o]tk
wreF SESWAL QX7 5Eolel 50% 9]

tRE Bole Zgole TxA ARWW

0

Stimulus

Admittance
change

Time (5)

Fig. 21. 1If the time T is less than 5s, reflex

decay is applied to the contralateral
ear is considered to be indicative of
a peripheral neural lesion.

A% RS A4 + Aok

5) Special applications of the acoustic ref-
lex

(1) Hearing loss prediction by the acoustic

reflex

* AAFT (white noise)ol 21 FIWHA}
E E5AF 9 | 1o dX7 gon o
A F gAY Role FFARAEHY A
=9 Bdo] glch

* SPAR (sensitivity prediction by the acous-

tic reflex)

TEIAL A AEHF (at 500,
1000, 2000 Hz)

=5

-271-



FEEKH & 712, 1996

— F9zE 22 HAGA +16

o] gko] 15018t Aol mEA ¢ (co-
chlear type sensoryneural hearing loss) 22 9
48 & Uk

* whof e -&8 FEFTWA AAAT} 20
B} o] #zHe (broad band noise) WAL
A7} 95 dB SPL Bt Athd, A=A F
SE #AZAERE A4 & Ao B9
& wAE A7t 95 dB SPL Btk A0t 1%
@3E 448 F o

* el 1000 Hzol A9l FE2WAL X7t
95dB HL Bt} Aoy, oj=gxe &4 &
P A58 F Aok

* ToF Fe—Eg TITIWAE YA 208
o 23, 1000 HzolA9) whAtelX)7} 95dB SPL
B oy Aa3Ee Zlug o

(2) Hearing screening programs

* mid-frequency @Sl e 100dB HLe|
FI2A JAE AT ol FolBe &
B2t 344L uiste otk ¢E B F
o] ¢ 5%dNE SINAE HolA AH
< 719gstoiof gt

(3) Hearing aid fitting

* fraol T AAAAJY BA7) FH
olgste WYoEN HYINE AT Fudl
A] 500, 1000, 2000, 4000 Hz ¢ §EWHAF &
g dodle Ixz zHse Ao TR (A
Az BFE Y o2AF BIHFE Fo|7
S8kl FEFIuAL AN E WA %E Aol A
Zeh.

(4) Eustachian tube function test

duds FHPA FAE ol gte oj@Y
& A+ Aok

i) Indirect method

DA Fo] Qe Aol AR BLEHA
AA dA Fo)d FHE BrIEI) A% ty-
mpanogram& 3@ 1 g Jud2 A
YA AR E ol &3te] ol YA H=
o ¥ (4200 or +400 mmH.0)E 7+ F
A (saliva) & F2 A7 TE5}e o T
FYxHE FEFoh o w9 tympanogramE

238 oAl 394 (200 or —400 mmH20)
< M F Ag s AVNESIHL A ty-
mpanogram$ EAFch o|#)Fol FAA |
2§53t F tympanogram® peak: %%
A BT ¥ SFF oz o Fstaiof 3hn, ¥k
&5 Fole YRR 2 FPHoZ o)F
e WstE Bt oldd Fold 4 W
37t glow ol@v5ol FA G5 FATch
ii) Direct method
stabE gl gl Sl Adgo
a) passive test
Ao FHPA FHE o83t Solx
o AAHow FU4E F7IekA olde] Hele
e T (N 200daPa o) Foll A S S
. wef ool &M HHo] Aokd F
& Thetd = olho] LA &g oy o
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b) nonpassive test
gloj= ol %3t (+200daPa) & 7He ¥ &zb
2 stog g 53 St olug FY
FEzAE FEF ¥ Foble ¢ (residual
positive pressure)°l Brht =2 HArgch
w3k &5k (—200daPa) & 7HE ¥ ZHALE W
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residual pressure’} “07<l 7}7hgjop gt}
(5) Sound localization by binaural interac-
tion of stapedius reflex
1%} sound localization (sense of sound di-
rection)®] 71H 224 baffle effect R shadow
effect7} AR EYE, HZo] BIE vt 9
sy, 42 £ W wEs 4& A
o] A3 stapedius reflex ZE7F FZol A
2 taj doldnki suem, e z o
©] (inner ean)ol AEHE 2gZE9 Zol7t
UA s, o]2 Asted sound localization ©
bestcka HEd uh gl
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