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ABSTRACT

High frequency tympanometry (eg. 630 Hz) is a test that is used in conjunclion with other

tests (eg. pure tone audiometry, low frequency tympanometry, otoscopic examination) to deled middle

ear pathologies, sucfi as an abnormality of tympanic membrane and of ossicular chain. Since there is

no sludy concerning tympanometry with a probe tone frequency 630 Hz in normal hearing Thai adults,

ths purpose of this research was to study tympanometry by using probe lone frequency at 630 Hz.

The instrumentration in this study was ' Mrtual model 310 o. Ths parameters in this sludy wers as

follow : ascending direction type for pressure drection setting ; 125 daPalsecond for rale of pressure

change ; and 85 dBSPL for intensity of signal. One hundred and twenty normal headng males and

females served as the subjects for this study. Their ages ftnge from 20-30 years.

The resulls of this study showed that the tympanogr€m shapes were both single-peaked and

notcted tympanograrn. In polar notation, the recordings showed single-peaked tympanogram (1Y)

98.4o/o and notched tympanogram (3Y) 1.6'l.. ln rectangular notation, the recordings showed single-

peaked Vmpanogram (1B1G) 89.4% and notched tympanogram 10.8"/, (381G 10% 3B3G 0.8%).

The mean amplitude and tympanometdc p€ak pressurs gfeP) of Y tympanogram of probe tons fre-

quency at 630 Hz (i= 2.13 rnmhos i= 44.58 daPa respectively) were significantly different (p=0.000

p=0.000, respeclively) from amplllude and TPP of Y tympanogram of probs tone frequency al 226 Hz

F= 0.72 mmhos i- 40.94 daPa, respectively). The mean amplltude of Y, G I/mpanogram ln malesCopyright by Mahidol University
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(i= 2.38, 2.14 mmhos, respectivsly) were significantly greater (p=0.002 p =0.000, respectively) than that

in females (i= 1.88, 1.35 rnmhos, respectively) but lhe mean amplitude of B tympanogram in males

fx= 1.61 mmhos) was not siginficantly different (p=0.207) from that in females (*= 1.47 mmhos). The

mean TPP of Y, B, G tympanogftm in males (i= 47.42, 48.79, 39.08 daPa, pspectively) were

significanilydifferent (p=0.004 p=0.008 p{.001) from that in fsmales (i= 41.75, 42.54,32.92 daPa,

respectively).
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tt# r

unul

nmfinnarfianrn'lurlfunar.t (middle ear) fiarnfirld:nrum:nT o.utuol#unarttunr:alna

r{f{{lurfiatulf,auutla.r}ldrfiararirbifinr:4rprflunr:loiaurnoduloi nEnfiamltlu4funarlnuli

uoa gTnaronrclurfin fr'rldrfiornruhiqtau, a qrprf,unr:bi'fiuuncaroiintr"un:niaufipu:.: r'iu

fituaruood,raroriludusr:rafi,:urifianld 6'rriunT :iiiodur-Irpmta.rq#unaT .rln'lutEcurn slnrd.ntri

inua$'rft du fi zuaun:ndouria dn.r uacdu nJ6o{rrnu5fi oria u

r.A&a
Tnailnfi4'fi'unn'ufinr.:6nnafuu::srn1flR'lsua nnr.tna gatntiiau (eustachian tube) ttffi

n'rrfifiarnrrt^.u,d.uunnrrr,ugarrdaufrrbinrrrd'ua1mfllu{dunarttnrfuriunmtriuarnrn'[u

' g a o'J ' 

{ 
---q-----a.-- . .-e

tar1.fi'uuan fiaralrlrfiaunr{ (tympanic membrane) tta;n:r4n S tulu4funnr.:Fa malleus, Incx.ts,

o q' ' 'r, '. g ' 1r a....9.. ---t-"ai--.o'
srapes fnmulnortrrJnh flf{,rrurEis,:fizururtrhlntzat4t'uuanocil'luttrliltu4i"unartlor6fiqntfia

nmruoiuornrnludauX#uuonon"4"funaT .rUoi'uriu doTttrrtnfioiro"oqjfi:"ri'unmrud'uu::tt'tn1rt 0

dapa (1) mrfinnrrtoiuolnlf,tu{"funarrnrrornnrrilriuu::srnrrtrlnfioc?irhi:tuutrao4dunu.o

fiu:.rrirum:rhun'utasna-.:orur?ls{ (acoustic impedance) trn{uniandrrluntndurium:nLuta.rq

dunar.ruaill;r,rfilrur6lmrfiuvnlr{r{qfunm.r (acoustic admittance) ti"ua.r 121 ornnr:flnurtndrd

Tekitdsen and Thomsen ldr{olur tympanometry rur1t'lunr:dnurnmtri'ua1n'1f,1u{duna'l{ (middle

ear pressurel oa"ruurluoiufl t9z0 6.rfinr:'['i tympanometry r{lunrannaauadrlnd.r'lunfifin

n:ronr:loiBu (s)

tympanometry rfl u nr:n:rqrflarl:nfi u nrrfi .o.uouo4fu no.o Tqsoirt acoustic immittance

d.rr{lun iriu nT :nl d su urlar nl ru Eiu ar nr rfl uda.r

v
{uuuan (1) uderitr{aaanilliiunnr,lnmtdrrdud:"nto acoustic irnmitrance d.raroa{lugrlm.t

admittance, sus@ptanc€, @nductan@, phase angle, reactancs n3a reslstance riunr:nlfisuuila.t

n,:ud'uarnrnlu'ia.rqduuanrSsnm tympanogram uasnrruilaNn rympanogram fior:ruro'rn shape,

ampflrude uffi peak pressure (2,4, s| faryafluintL:;tamitunr:iiiodauanT:nluq#unariln' (o)Copyright by Mahidol University
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uona'rnd tympanometry rhhi'i'aXardarfu:anunr:d.rnf.r.rrur6lsotu.:mduno..:d.rlilrulu pneumatic

otoscopy 1zy ua"bidaXndnir pure tone audiometry lun:6fin:ror6n 1z; uoiri.rtinr:t'i tympanometry

dratunT:ifiod'aknml4funar.r:uriu otoscopic examination, audiometry, acoustic reflex ua;rh;ih

mo{i.o 1e1 r.hctsnita.t tympanometry fid'rdalrtii

1 . drsifi odanmilfi silnfira.rnfrnu.o

dr ail:sriiu anrnnru riuoT nT d'luqfu nar.:

drenl:crfi unri.iimlt'iugarorrtiaulu4dunarr

(2, 7, 9, 10, 11)

vmpanomerry rilunr:or:rofifirkirir hir6u uiuon.ru..uiufiaornqiil.utinu or:Told

irulu4nn{ruilstrn: (5l Tnuaaor probe tip ri'rlftudaqfuuanuirtririlm probe signal n5a probe

tone) ua;nrrtoiuorn'rrtniar g riu r-iufinnr:nlfisuuila.::caiunrrild'tta*f,s{rflu sound pressure

levet (spL) iiariuuuanuT n'r:nlf,suurla{ra{ sPL i4tiufinld'nar.:6.rnr:nJdsuutlattat impedance

n3a admittan." tuo4dunarua"rfiaui'r{ (10) arniu probe signat tfu t"*itor.n rnc Thomsen ld

rtiltiraa.riinnrrld zzo ftzni Tqao"t;nrrud'ttasr6lar;aanrr srapeoial reflex threshold ta{unag

nu (3) d,rbifinT:flnuufiurn-unti?rndau tympanometry Tnalirda.rdfinmufi z2o tB:n{ila1anti

finuruaarutrarilr:ndrslunr:ifiodaT:uoro4drnu..:loiosfir,'rn (12') norurfi{flnrnlruiT n1:

nndau tympanomelry Inal;rfirndfinmrufi ezo rB:nq*lilarrur:niiiodskn otoscterosis ldorirtfrnrou

ru'osorn tympanosram riialirfrs.riifin'nrufr 2zo rB:nv1u{tirun{uiif grLhtnfiauriunuiifinr:ld'

fiuilnfiFarilu type A tympanogram (1g, 14) Liden ua;n$; 101 6ld*lflnur tympanometry Isrsli

rils{fifinm$dlrnn'ir zzo rB:or.i rrurrgrtir.rza{ tympanogm ornu.oluornriiat'i'rfirnnrtifi

zzo Gsnd rirhifiqi6nu'rloruli,euodfinrrrfi4.rtun, 'mndau tympanomerry tur;irhuidfin'rrilfiqilnfi

oro4frnu.otiinoirr g ua"ldaramn.tlirfiuoiifi*rud6.ro"bidaXnlunr:ifiod'uT:nta'r4fruna1ril1n

nrrnr:1irfraodfin..*,ddr Inarqil'ri,l:niirdurriurilu tympano-ossicutar (s,7, s,11, 15, 1o, 17,

rel f{drfjaro.rnnr:finsrfiantrlu4dunaT oi'rbifinr:nlf,suuilao resonan@ frequency tuo4funa.t

nr:ldrf,Endfinmudi4tniriu rssonance frequency C/so-eoo rB:n"fl ouo4dunu.oo"bidaryntunT:

2.

3.

4.
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ifiodr1usnl:uouo4#rnu.ilddnildu,riiin.ufin..rn1n resonance frequenry il1n (5) d.: van

canp racnru" 1sy lfrirmuo,birfrrroiifinmrufi ooo nia oza rfi:nd rilu high frequency probe

tone rfia{olnrils{iifin..ufiqon'i. ooo nia ozg rB:n{o=nu multipeaked tympanogram ldtrnlu

nurjnfiri{riifiodrlfinnarnki uuno.ndriorl:crfiuil?Nrn:ta'rdo.rrl"fuuan (ear canal volume) um

acoustic immittance taqfu narrldtn n

a6i!nlanri'ruaiauasn,r:tFl I:{nulura:rlrGu6fltoifinr:tdrda'rfifinr1ufi 690 rB:orq'lunr:

nndou qmpanornerry rfiadralunrifiqd'sl:ntaorlfiunar.rriuri'u uoirfjamrnri.rl*ifi{uXatuo tyrnpa-

nogram filri".nn.rnnaaulunu4ilnfi oisriu{a6'46'rau'[ofiq"tnnr:finurzuanr:vtnrtau tympanomerry

ifli,euou..ud eso rE:orr'lunurlilnfi

naT.rnotj

j o c n-e o a t t- V
rfr aur til ttrilufl a {dfl us'lu [u n15a tn:1$4 us n t:Atai{uu -

r"aqrlg,ri

1. rfia6nu'qrlir.:tar vmpanograrn riio'lirf,u.rnr1ufi ogo tB:nq

2- ,fiurt ri'l amptitude ?la{ tympanogram rdolirfimnrrild oso rE:n{

g. rfiafinu.rrGsurfisu amptituoe sar admittance q/mpanogram ,duli fru.rn'r.ud

z2o uac ogo r8:n'f

4. rfiaf,ntnn-tiisurfisu amplitude ta{ tympanogram rdalirfru.tnmud ogo rBrn{

tu rnnn r!.: uasrYr Flul El

5. rfiafinurdrrunri.r tytp"nometric peak prcssure tan tympanogram rfial"ir?iuo

nmlfi ogo r8:srd

6. rfiafinurrGuutfiaufirun;n tympanometric peak pressure ?an admittance tympa-

nognm riiatdrf,sonmr,fi zzo uac ffio tArnd

7, rfiaFlnururJisurfisufi'lufid.$ tympanometric peak pressure ?a{ tympanogt* rdu$

rfls,Jnmud eso rB:n.f lunnrnn{.ruastilFtt'ul
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1. plir.rtao admittance h/mpanogram rdalirfia{nrT ud eeo ua3 630 rB:sr{ unnqfitiu

z- amplitude ?a{ actmittance tympanogr"r ,dulitf,*nl.ud 226 \ar oso rB:n'f fidr

nroriu

3. tympanometdc poak pressure ta{ admittance tympanogrr ,iiud,flutnmilfi 226 uac

ogo rB:qd o qjiifirunri.rdr.rriu

4. amplitude ?af admittance, sus@plancs, conductance tympanogram lutnnnfioua;rnn
,v

glgNnlnlinu

5. tympanometric pe3k pressure to{ admlttan@, susceptance, conduclance tympanogftfn

luu'rnmfi.rua"n,nmaoqjfi &T unrj.roir.r riu

1. tympanometry riiunr:n:rordail:srfiunriritluto{ mlddle ear Tnsn'rTfnm acoustic

tmmitrance d'ruvludriunr:nl6eruurla.rn'1rru6'uarnrnludaqfuuon (ear canal pressure) (1)

z. tympanograrn rflun:rv{nr'tldurdui:"mrrr acoustic lmmittance dluroaqjlug.lm.r

reactance (X), resistance (R), suscepance (B) rnta conductancs (G) riu ear canal pressure (1)

3. acousttc tmpedance 1z; riluu:ooiTutar:ouranr:lnatao^tf.Nruriiu.t uantrilufn:r-

d.ut"m'j..r sound pressure ttas votume velocity utoui.un.r,uduuddtlt=nuuui.u r'"".t"n." uaJ

rsslstance (8, 36)

4. acouslic admittance (Y) rilud'lunfiuzar acoustic impedance d.rfi6anr#:uunalbi

n#.r.rrur?lrl.tlfinairu uarnriludn:rdru:"nr1{ votume vetocity uns sound prsssure (8, go)

5. acoustic lmmittance lrlurntit"iGun acpustic impedance nia acoustic admittance nia

risnf{ acoustlc lmpedance unt acoustic admntance (8)

Copyright by Mahidol University
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6. reactancs riluu:lirunr:rndaufimu:;uufitfinorn mass tta: stiffness irrfluuN#ru

firfinonn mass 6srnr mass reactance (X6) tirriiuu:rirufirfiqa.n $iffness 6snxr complianr

reactance (ro (8, 36, 101)

z. susceptance riiudrunfruta{ reactance d.:rl:"naurirud?uza{ mass uac stiffness rdu

rdarriu reactance tir rus sailh;nd'{orulnazuT urian?1 mass susceptance (Bm) ri. ,rimr.,

aailbil'rd.lo'rulnariru6drfl compliant susceptance (Bd (8, 96, 101)

B. resistance rfluu:.:;runr:rnfiaufitarruufirfiaornnr:rf,aofi 1tot1

9. conductrance rfludrunfutan resistanc€ (101)

10. magnitude 6o nrurrrta{ imp€dance mia admittance vecior (8)

'11. phase angle 6a *1u:"nr.o impedance uta admittance vector riuunu X (8)

12. polar notatlon tilunr:udn{n1 impedance n5o admittance ra,::nulupha{ magnitude

fiu phase angle (3, 36, 38)

13. rectangular notation tflunr:uaqoar impedance mia admittance tadtlJutu:rlta.r

reactance riu resistance nia susceptance riu conductance (3, 96, 38)

14. amplitude ta{ tympanogram 6a amustic immittance sa{ middle 
"ur 

d{rluilu:su1u

tan rympanic membrane doAruruornnl acoustic lmmitance tu:rututal probe flp audranr

acoustic immittance ?a{ ear canal volume (3, 36, 38)

15. tympanometdc peak pressure fl'PP) rilunrfiuaoroflo pressure status tx mHdte ear (4)

Tssnrrfier:su'r?1 p€ak fla{ t}rmpanogram tfinfi ear canal pressure rrirl: 1Sy

10. resonance frequency rilunrrldiimLmfiu:.rdruroir mass u'irriuuNsirura{ silffness

(35) 1r':o nmr dtu n,r:mf, aufi rao{orqTn atiu:.rrio uidq u, 1r oz1

1 7. probe tone f requenry rilu nmrufi ra.ruds.ri{tt'1u nrrnndau tympanometry -

18. hysteresis riiunm#r"oqlJarrur:norourtua,rnau:irdurn:anrlnan-ufi 1oo, as;
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rmd z

?Ttrurrrru unrnr.rii# d rriuo

r::on::ufirfirnfa.iriu.r'rui{sr+a{ 'nr:finsrzuan1Tnnaau rympanometry Torsdrfrmnelrd

630 Hz tu,Jtnrdfilnr:ldauilna'uou {i{arir,auardanrfirfis.rdarlnao"na.rrrflu e }irda ii'rd

1. anatorny and physiology of the middle ear

2. transfonner action of the middle ear

3. mechanical and acousllc prop€rties of the middle ear

4. frequency dependence of acoustic immittance

5. nrtdnuratnrnryln6tau tympanometry lauli probe tone frequency dr.rgriu

6. uurn'ruFalum:rdanli probe tone frequency

7. pammerer ua"rloo'#fiarasa panmeter fla\t tympanometry

g. nr:ifiodsnmlfinrJnfitar middte 
"ar 

Tnsli 630, 660, 678 Hzh/mpanomsrry

ftrabnrrand ohrdoloovdthe mldde sr

middle ear

6nu na

1. middle ear cavity

cf
trluln:,ta:t,tfraa::;r1lro outer ear uas inner ear rhcnaunrgalu*rd'rp S

mlddte ear cavity riluTmairrdfipJnxnlu inegurar shape rJ:rnauirai.unr.rg e iru

Taelii anterior-posterior dimension stil:cilrnt ts fiafinn: vertical dimenslon fiilrnfiaqrnr

iltmru t5 fiafiun: tftmsverse dimension snril:srnnr z-e fiafirruor: uncfidSilrrrrtrrua* ,-,
a^

qnurf,nrtuFrrnr e1) Copyright by Mahidol University
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q'lu lateral wall fi tympanic membrane riu middle ear oantln outer sar n.hln1u

-v9.

medial raall tiluruu-rnT ufiagfinr{u inner ear rj:cnaunrs oval window flHryruuu round window aq

olua1{un3 promontary flas basal cochlea ag::tl't'}0 oval window uac round.window a,luuuta\:

oval window fi facial nerve vnnanu oval window rfluntrflnrtlGl scala vestibular 6t'ru round windowa

rilunrtrflnri,{ scara tympani ?al cochlea fi rouno window fi membrane u,.rlnqloqj6an'1.

secondary tympanic membrane n1u anterior urall ?a.t middle ear cavity ftgrflorna.: eustachian tube

{ ' ' A ' a ' d 'Afuag6rnmfluta.: middle ear cavity rhslrsu + fiafitln: ilalsrflnraonaiinaluiliiiaqft naso-

pharynx uiauuutuo anterior watt fipflord.rfi tendon ?o{ tensor tympani atruaunur n1.lnlu

posterior watt rfiuaniriiaqiao,riu mastold cavity Inafi tympanlc adirus ritunr.rrflnri, { mastoid antrum

Aa'.h'id,
furfluarufftr.rrgfiqnta.r mastold cavtty mslu mastold antrum rl:cnaumantgnn:u"1fi6unrT

pneumatic cell d.rfiturounndT.:riurdariumriluararuroT nn::rr{u{ua"d.rurniauuncrftrfiariudnr'l

pneumatic cett tflu;'tuddabirnn acoustlc resonance fla{ middle ear iizuri.rdru poserior duan

ornocfi tympanic aoitus uirai.rfi fossa incudis d.rriludruiifi short proces, tar in*, ag ra;

pyramidal eminance d,rfi stapeOius muscle ognraluuarfi tendon zo,t srapedius musde anuaan

urnrrgrfl ou3n$rlonta{ eminance n'rtoiru superior wall fi tegmen tympani d.rriluntqn

ur.r1fiu:anrr.r cranial caMV (brain cavity) riu tympanlc region uinrudosrrluu3nrufirrirynrnfi

nr:fisrdalu middle ear alar{'rud'ilil'lu craniat cavitv loi dT ut'''ruiru inferior warr riludruii'aqj

n'ruuutoit Jugula bulb frn:"gnur.:1do fundus tympani ,iuroi.o middle ear cavity riu .uroio-

vascular reseMor (2O, 21 , 22)

dufirnrslumr mictdle ear cavity qoira ru*rs membrane un"tdarorn middte ear cavity

fiornoriu mastoid antrum nrs'lu mastoid antrum 6rqd'ru mucous membrane r"iuriu drfim:fia

rdan, alu mlddte ear caviry fiarofinr:tnin:"-urduri, { r".toio cavitv loi nT ulu middte ear

dtta-sdrt'
cavlty nndlnnl:ttri|:n:3olEJuaren{ilm{ lnuasun:nEo1sn1{n1:uaulnaant{q (CO/ otnrau

fianfi mumus membrane t31d middte ear cavity un"nndurirtaanfitou (o2) fln middte ear cavity

lir{riurdaor n,r:unjn:o'larirt co2 aanornriurdutrilqi middle ear cavity fifintsr'rada pressure

lu mtoote ear cavtty r',nnrrrn:qa6rr;rt o2 rir{riurdan ri'rrfu6mu'ir pressure lu mtddte ear

cavity lfiu posltfue pressure (2g, 24, 25) uanorndnrsh mastold antrum tftfi pneumatc cellCopyright by Mahidol University
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c ' c o- ' tt tu d t i ' ouluBfia'ilnud1:a{n1tl}1nu middle ear cavity dnarg a1rnflfrasn1glu middle ear cavity,

rnasro{d antrum tt43 eustachian tub€ fiarnnonr:ri.rnd{t'rutiiatm.r middte ear d.r;rfirfirnmrr'6

lr .t .... a'drlnnanuarrnf,malu middle ear cavity, mastoid antrum uffi euslachian tub€ o:fiarananr:d'uta.t

tympanlc membrane udrirfirdsrarud4,:lnaairualnlFtnlalu middte ear cavity ni.utuiifinaoia

nr:#umr tympanic membrane rlSun:ta.tarmdfiglanararurn:d.rnar{dr{luresnran middle ear

t d q--g '---f v -,- 'a e etntmtuudnd?ulnsnflnu acoustlc admittance ?an middle ear untiludnd?ualnilunu am.rstc

impedance (26,27)

2. tympanic membrane

tympanic membrane rfludrudfiu:anrrt enemat ear rTu middte ear d?uuura{ tympantc

membrane rdmfrrll 55 "riu ear canal finmrmu1il:sil16u 0.074 fiafirrn: vertical dimenston

ni,{rj:cilr$ 9-t0 fiafirln: horizontal dimenston s'r'ril:cilrsu 8-9 fiafirrn: fiduiirf"r't$ gs

afn1fl{Sn6tuffi uncfrurnfnilt:mru ta finfiniu (22, 28) tympantc membrans fifirrisufirnrrm

uacfidnpntcliliua.r #uuuoufudrunaltta{ tympanic membrane ii manubruim ta.r matteus rmc

oqi ilnra manubrium !o.J malleus o;fil tympanic membrane rir}l'ir.r1unlu:aarjrriunir umbo

tympanlc membrane aruuuda{rnfia umoo risn'i1 pars flacdda un#xudtr6an?1 pars tensa tfia

ti otos*p" a:ro4urfiufilm{ U/rnpanic nembrane a#auua.rl*Trn otoscope Ganuinrufia#ou

ua.rlv,lddr light reflex nia cone of llght trympanic membrane rJ:"naudraldat;ia g #u 6a

2.1 outer tayer rflurdardaur{ j nax1ilnfirua,r ear canal

2.2 mediat tayer rilu fibrous tayer dordariiadruutfiriulafifinraitNft z dnua:rftd

- riulsii'fi n'lnis.tri'rrfi fi audia:nnro'rsaa noln umuo 6sn t1 radtat flb€r

- riulsdfirn:fia{drrnfiaurruuruaguSnnrauml tympanlc membrane rian,jr

drcular fiber

medlal tayer rflurdardadmrlu tympanic membrane u3trru pars tensa u'itiu hirrulu pars

fladch

2.3 inner tayer tilu mucous rnembrane tfinrfitnri'uriufiqani.rtar mlddle ear cavtty li
(4,28) Copyright by Mahidol University
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nr:mAoulu?ta,: rympanic membrane rfin{uriianf,urfis{rfiun, ordrhllu ear canat rir'bi

Tltanatararnrnrafiaufiuncrfinnr:tilf,auuilaratrrfiuarrnnfi tympanic membrane fiarnbi tynpanic

membrane rndaulrndnuo:fi3rluuunr:rnf,aulnlrlf,auuila.rlilnrlnrufiralr6la,rfiurn:"{u Bekesy

(irolu zsl Flnurlrurrfinrlrd eooo nz nr:ra6au111rra{ tympanic membrane iia-nurwrrfiauriu

'jj.uruvtu unfrnrufilrnn?1 2500 Hz nr:rafiaulurfigr.luuulilurjuau uanorndrmftr'ruirduiita,:

tympanic membrane itrndaulnrG'adr.riirj:cEnGnt^rfirfisr zg druryirfu Khanna uas Tonndorl

(ir.rlu so) finsrluuilrflul1 tympanic membrane u3nruir.rgra,ruu.r manuorium rfr z ir.rfim:

rnfiaulnrmndqtua#nmldrurnn'tr 6000 Hz pJuuunr:rndaulrnro",i'uduuurn{u upscomb (20)

ndrtjr tympanic membrane finT:rnf,aulu':rnfiauurur{uhirnfiauqnqudarorn tympanic membrane

druuutmshnn"uatfi ear canat urjund.drudr.r6orirh,i' rympantc membrane rnfiauhnrrniiauriu

uruviu

3. auditory ossicles

auditory ossicles tJ:cnaueirsn:tnn 3 du 6o matteus, Incus ua; stapes nrgnrfo g tiluii

dqfintiuTqa capsular ligament uono'rndfifi figamenr 6n e riufinn:rqn#r s tfuflilu middle

ear cavity Tnafi ttgament Z ,iruaoan tensor tympani ua! stapedius musde

n:sen malleus fitinil:cilrru zs fia6niufigr,tir,:niruaiau manubrium ra.r maileus tmc

finriu tlmpanic membrane sftud umoo ou6.:raui,ruuura{ tympanic membrane

n:snn Incus firirnrinrl:;ru1ru 30 fiaf,nir pir,:niraribago,aornn:"qn rnaleus Tqsfi

capsular ligament 6nli 'i'aria:n?fint8n matteus un3ntqn incus 6sn'tr incudo-malleolar joinr

n::en stapes rfluntgn'ilurfinidqafirfintinrhcilril z.s fiafinir figrJi.r.rai.rulnauri,raqj

elonlnn:lon incus Inafi capsular ligament fin1i'J'aoia:"n?1{nr3nn z dutifiE njr lncudo-stapedial

joint d{rilu'J'asiadtiufuu:.rtu ossicutar chain d'rurlarma.r stapes risn?r $apes footprate ?1{

aguu ovaf window ?a{ inner earTasfi fibrous annutar tigament fioli 1ra, 20, g1, g2)
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rdafiadurfisnrlntnu tympanic memorane rirbi tympanic membrane rfinnrandaulur

nr:mf,aulrrta{ tympanic membrane iiti*i ossictrtar cnain f{fiaa{fiu tympanic rnembrane rfinm:

rndaulnri, s matleus ua3 incus ocrndaulnruuulunrfifiauriu Dahmann 1dr,rlu zsy nu....

malleus ua; incus rnf,aulnruuulun:augunuuinru anterior prccess tad malleus fu srrort process

ta,r lncus cT niu stapes fiin'r:rn6au}nrriuriuuno"fiunurn:rndaulnruacfnsswnl:rndaulnr

' vX e 4 ; u 83; u e 8; a
Unnn1{nU?UAgnUn?1ilFNfla{16lg\tnr|1n:3nu n,tutUA{a1nn''lTnSn??O{nn1il!ilafiil'lEn stapes (19,

!t

zz) yosr (ss) nd, ririi:d'ur6ls.!fr.:ilrunarrununr:rndaulnrrar stapes footphre niuunud.r dru

anterior ua3 postedor ta\r stiapes footplate osrn6aulfirt;'r-aonfln cochlea rrnfiauqnqu uddru

postertor ?a{ stapes footplats finr:rnf,aulntiaailrn?i{;anurwnT:rnf,oulnrtal $apes footdare

Isa:rilrnfiauriuururflu rirrfls.!fiilrn:"d'uu]urf,s.ridfinmruEi.:rrnrnun'aneaultartar stapes foot-

ptate ornJ6autiluunuuoudt stapes footplate osfimflndouln? 2 dnu$"niargn"u6a rndaulnr

uuulanai'rurnuua"rndaulnluuuqnqlu rn:rnfiaulnrii'nuswri',rnmrrnyl:nnnu:{fidcdrhflu nr'"t

ear d.rrilunalnnr:ria.rriu inner ear adtud.r yosr (g3) ldri'rnT:flnu'rn'r:m6aulnrra{ sup€s

n:3nu

1r:or 9nu

luumnurr stapes ocm6aulnrtnfiauqn6uriiafir?ls{nmilfidrrfifinrrrud.ril:cilrru 130 dBspL x1

unrda rfr EN n:"{uri'r 1 50 dBSpL srapes o"rnf,aulnr#ruuuqnquunruuuls nndramu

4. middle ear muscles

rniddfe ear musdes th:naudrsni.urdu 2 nfia 6o sapedius muscte ua; tensor tympani

stapedius muscte rilunirrrdaiirf;ni{qnluirirmsnufimlilsnril:cilrru o.s fiafirila: fidufidormT.:

il:crnru +.9 n'urlfinfitrn: (wever ud3 Lsvyrcncs irotu so, szy stap€dius muscte aqjlu uony

canat uit':ruilmuta.t bony canat rfluiuiiut'irhJlu middte ear cavity 6an'j1 pyramidat eminance

tendon tan stapedius muscle rnuaanlrnrr;rflnrf;ngdaanta{ pyramtdal eminance undilfinriu

neck ta\tstapes riurh:arndtnnaadsn stapedius muscle 6a faclal nerve d:u rioot" ear musde

6nfsrrnd,:6E n?'r tensor tympanl nJunirurdaluqfun-ofifi*umrilsm$ zs iiaAuJnr fifud

fntmt 6 mfldfiaArlntalrdraqjlu bony canal rfifia eustachian tube drutlarazar bony canal

Eiuli'rlUtu middle ear cavity risnir mchlearliorm prccess lendon ?oir tensor rympant nuscle sCopyright by Mahidol University
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ruluaanr1m,lsaata{ mchteariform process lrtfinriu manubrium ta{ mallleus n.#ni.udutYo e

- A b ' I i I ' v 4 r'
ilnilag tu bony canal o3t?gaan1:6luta{na'lilruanoloo;:rJn'tun1t6l{nanannlurrla{ tn talu

rh"arndrrnaurds.t nirrrda tensor tynpani 6a trigeminal nerve (4,28, g2, 94)

n1r-nafiina{ni, udutft z riafiri, hi:cuu?o{ middte ear fi stiffness rfirdurn:r;nr:ilqd'r

ta.t stapedius muscte ir'lvi stapes ntdaudnufiJ{uacnrfl4orirtra{ tensor tympani rir'lri maileus

': o ' 'i t 
z dudfi'rhi ossicular chain stiff lrn{u uacqrnm#nldgutrlul4u{ rn:lUAAUn'lU}1U{tA\tn:3Enn{ 2 UUUnlt}1 ossicular chain stiff il1ntu UAg

ossicular cnain finaqjriu tyrnpanic membrane furnhi tympanic menbrane stir un{uoira nrrfiafr

ouoni.urdurf.: z fnddrsannflild'{?a{rils{n:"duidfinrufid'rld,fiu.ro.n stiffness rfiuardrj:rnau

d .io- iooo iaa Jo"t ' :
}1U{n lfiU:\tnlllUn:ilU{.tuAnEflAIlntilOUt6lgrtn?1ilnn'l!fid21U:3UU UAnOlnU n1T}1Stl1flO\tna1r,

io V
ruolunrunal\:alaasan resonanc€ '[u mioote ear liriiofirf,ssfi'finm$du"rnrn'r looo-2ooo nz lna

n1u:31ru (30)

IqsilnFuirnr:nqfirta.tniurdulundunaroasuan6ruro6nlo uorfifiurrnuarNlronlu-

3 g - - &e - ' t o V ' o 'o d d
qXn1fl4nnlt0{na1iltUAn{ 2 ilAUtn n'l:?1na??la{nnlillUaIU}IUUnA1.td?UlfiQlnOnlnil16ltliltl':

tJ-t-,
x1n:3nuEi,ilAs{arna{d'0il$rn$ 80 dBSL (33, 34) niaurnml 85 dBSPL (3s) finrufiuaurn'r

eooo ru ni'nfu ,fiamrnnrannfrraoniT urdarft z r;nutfirhi ossicutar chain stiff drfizuanan,:dr

rilusnrT lfidT m;n'rfl4od'rmonirrutdao:m{rinr:d0 sound pressure nt osstcutar drain nnn.t

d{drsnnrfisiln'rj:"uru 1s-20 dB niorj:cilr$ 0.6-0.7 oa era 1 dB ?a{r6s.riirfiil{uern:coTurds.t

J toto' ' io
ffrnnrnulndturfranr:nnd'rtarnarrurfialu4'i'unar.r (20, 33, 35) Pong uffi Peake (ar.rtu so)aq

nurrnr:nnn"'rmn sbpedius muscte dufi.ru:rfunrur:naariu{finmilfi looo-2000 nz lifu go dB

noidn.'rudr,.nnrr zooo nr anld'rfis.r 1o dB o"rfiuld'jTnriridtunr:Jarriurfis{Iorsnrlnorffrroo

nirrurdalu4#unarrfida6rrinfia ria.:riurdsolei;asrirrEls{n:geiufinmlfirfiu 2000 Hz uae{aa1fin

dn"J'arndrfia :"s"tlalfinirudaddrnodrlou stapedius muscte linar os iiaffiurfi uac tensor

tynpant linar tse fiafiiurfi d'rriurf,s.rdftdr.rnarrn:rfir#u du rflmfuilu nirrurdonordrtirnu

6.rhiarm:nia.rriurfiHold (20) nr:nadrrarnirlrdaluqfunn.uanornrfiaornrds.rEi.ruirnT:

n:ril3um nltn:ann1 n1:mdauln'rni.udarjrn 
'du 

nr:rdar nr:ndu n'l:'111? firirhinirurda

lurgfiunaT,rn ainila Copyright by Mahidol University
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5. eustachian tubo

eustachian tube riluna:rln:rsfintrilutil:srJ1$ 31-38 fiaf,rrn: rl:"noun':adrufiuluo.

osseous rj:suru 11-14 fiaAtr|nr d?ufirilu cartilage uac membranous il:3il'l$ 20-25 finAtltn:

Aa V '^ ' 'A
ube drufittlu osseous riuagfinriu middle ear cavity Inufi;rflnto\r tube osd{n?'rrfiuta{ middle

ear cavity rh:lrru + fiadrrn: tuue drudo;rf,nagrara frrmiu tuoe druiirflu cartitage fuad

id Ae
nofln tub€ d?ufirilu osseous taanata{ tubs Gnufitilu osseous uffi cartilage risnfl isthmus

d.rfiamilarril:srror z fiafiun: nir{il:silr$ t finfirrn: ti.rutn.,rui.ufrnrtw tube d.rd
, ' I ic v c : j<

il:;naunrsdtufinlu cartllage uac membranous agnan'urflurrnar d?ufitflu cartilage orfi;rJ:r.r

rnfiounwauac tube drufirnf,ao"riiu membranous drurJaT sm{ tuue dnoirund.rrilqd nasopha-

v . .9 I I

nTnx TorarJndmlilala tube uitrsu nasopharynx o:r1nagtarau,nn1na1iltfia tensor veli palatini ua:

tevator vett patatini nnri'rocfudruiiulu membranous rirbi uoe rils n,t:nnsirmoni'rudrrtoaarria

J- A a A
iirfinrfiantr nfiu rfisrfiSaqclnu (20, 22,26, 34)

eustachlan tube frrnrirfirtiuarnrrtnrslu middte ear cavity triar4ariualnfinlsuandn

riluant#fim:dorrf'tsrurfruor#r{ middte ear lirTniiqa unrir tuoe fiFdnfihrarlr:nrliua1n1f,

l,u rnioote ear cavity hialqnriuo'rmFtmuuanlifiarahinalnlunr:donana-.x'ru?a{ middte ear fin

rJnfiun"nfli4da dTrfinnerulrjdilna?o{aln,nlrngo"nrldrhqnuac tympanic membrane 6nrrn

U Loch ras Rasmussen 1irflu sr1 ndrrirtir pres$Jre tu mioote ear cavity orrtrTu pressurelu

ear canal 7 mrnH2o fiarahinr:ldEuanan 5-20 dB i{nr.l6 50-2000 Hz uanornd eusrachian

ruue f,rrilunt'rsu'rs ftuid tu middte ear cavity 6nd'ra nr:a'nraura.ndardau3nru posredor

nasopharyrx o"m'rbi ruoe flntfianr:qnd'uuatlraur:nfiT .nuldn'lililnfi lurdnn;fiJrgnlralr

mlddle ear il'rnn'11qiltari,fjao-n tub€ mrr6n#unlry'lnrjun"rfiaurfluuuruau rirfin'r:finrda

uStrru nasophargnx osfirn:un:ntr-urdu{ middle ear cavity U'.riauasn'flrifin tt"r.u ftuid li
lna:onn (r9, 20, 2g, g4)

Copyright by Mahidol University
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Tmnsfornsr acfion cf th€ rddde €ar

dunautarnr:d.rnar^ra'.r.rrur6lu{tu:cuunr:ldAurfurfinduriiafir'rdrflurfia.:ilrn:rnu tyrnpa-

nic mernbrane dro"finr:njf,sufif{murfrsot?irflund.r.t'runndourunnlntar middte ear rirhJlu inner

o o- , -- d .J r V
ear n1[?1 cochlear fiuid nffistFraautn? o.tnuu

dilo{ rfi a uil anfl ilnrrs Flalil

sensory celt lu inner sar oiudrprp,nrdrrJ"rltttio

(- - ' z Y J - < t tU o' r
iluEaru:n1:rrlf,suuilntuffniurfisorfinuaafrr-nno'rnrfis.rlnfuriiaiolnnalnn'lrin{1ufia'tst3

' c o 9a tt J - t t t d I s -
aslrso{ middle ear nrlnfinT:a.ryrdlrmunrhjlu inner earlnoatfiil:cf,nfinrn Inarlnfiuar

rltcfr nGnryfl u nr:d.: nnlmuol n d'l na1{nddrld n !i: impedance to{

rf,r e r.i'rnn'w m:drnaflf.$.!'rur.r'run'rnnr.:idfi tmoedance rrirriudarufirj:;frnfinrrrymnn?lmidn

nalral.rruruT u#rnatdfi impedance nrtriu Wever uns Lawrence ti,tlu 29) T{u?lnm6unrr

ta.rn6ur6lel{o1na1n1Fililf{tatnarlnsn:.roanrbfrri0uriiu,Jaoa{il:su$ godB rfiarornfinfimu

rfrs.lrfi$iiasffi 0.1 firfiunr.rrirurirlilf.rtauvrnrlqiua#aaac 99.9 rfiqn'r:an;aunfru o"rfiurrm:

d.rnn'.rsruliis.rornorrnn}}ftm,:rnnrTorfln5.rlfufiil:sfnfint'niasurn,fimo.nrft e firnaT,rfi hpe-

oance nrtriurrnfio a'rn1Ftfi impedance iirJ:cil'rru +t.s Toril (ohms) lutnrrii impedance ?onro{

r?1a'rfiil:su1ru 1ztilx10 ohms (20) f,rraiulu:cuun1:1;Bura.rrr4utiueuurioriin, :d.rnanfi.r.rrurfid.t

ornorn'rnldsi.rtaornnrdrbiun ftuid lu cochtear npifiarur:ndootanii'o.rrubioEJr{fiil:cfrnfinrlr

wever uffinrw dr.rlu zsy loifirnr:finurnranr:n1r'lu?ra{ middte ear na:"or-unr:bi0ulqsfunlrds

tympanic membrane, matteus uar incus ta.rdsrinnaa,rnalo.nfifu,:"ri'unT fldBuliuir d,rnu'rT fim:
a lYo r i 'qrpr6larn:ln0ulnsrods 2a dB fiFnrrtfi soo-zooo Hz uas s0o0-7000 Hz t?'lrtflhlnlrarpr6lunr:

bifudarouam6.rnriri{tunr:do,ra1.:rurilsrrar middte ear 6.r1oifinT :dnurmrritruro.r middre

e"r. tunr:draafla-.llrutesodnrrnrrsua;1d'api, middte 
"ar 

orrnrni, drfiu impeoance matching

transformer Tngo:rilfisu low-pressure, high-displaced vibration ta,:armflrftu high-force, low-displace

vlbratlon rda}.tn:"{u cochlear nuu hirnf,aulnr (29, 93) nalndfirhirfindnsilcd.rnar,fid.roialUd

1. areal rato nr#duidm'r \mpanlc membrane tnqin'jrdutita{ stap€s foorptare firhi'fi

sound pressure d stapes footptate r$iudurhcnrru tz nir niail:srnnr 24.6 dBCopyright by Mahidol University
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2. tever action rilunalnrnrnrluta{ ossicutar cnain d.riidnu*"niruff,uorrirlrii sound

pressure fi stapes rfil{urJ:gilr$ 1.3 
" 
tnrrSoil::r1su 2.5 dB

3. bulking action nT:fi tympanic membrane fif,nurwrilu;rJn:ru druld.rm.r tympanic

membrane rir'lriuinru umbo fi sound pressure ,fiudu e rn.

t & i oq ' : I
uanolnnalnril g oarofioilidtn sound pressure fi oval window tfriltuua'r n?1ild?a.t

o J t 
-d ' ^'Jr?lmfiun:squEttfrrJanonrtfiN?-uta{ sound pressure n?s nu?1 sound pressure fi oval window

I

a3il1nrn'r sound pressure fi ffipanic membrane tl:;mru go dB niamnmr 30 dB rirfirfiao

nrrrufi 2so0 Hzlnaairu tfodniuoruo.nnr:lil.r.ru?a{ middte ear ri"rfinaTrrurui.ri.ooiuuu"rflur.ra

ornlnxair.rro.r outer ear d.rfi resonance to.rlurgun:datrladd 2000 Hz unsirfirfis.rn.rr,firrn

n't1 2500 Hz lnari,u sound pressure d oval window fiosilrnn'n sound pressrr d t1-p"ni.

membrane UfN so dB (1g, 21,2g, go, 39, 95)

ttiecfnnlcal and acousflc olooedes of ltp mldde ear

-3flnnannlTn1\'nad'r619r:

o &a e ^ i ;n:3n1 UUna ',lnnlnnmflaaauYl

j"Jva'
tiiau:{n:crirnal-nq jnfi{ {nnocfi n1:nauduannou:tfi l'r

nii'nnr#luldriu:".,unun aqi rsuul"dil1 uffiraflrfls,r

rdau:.:rnn::nn, bircuufinr:,ndaufidaufiu:tsi'rusa.r:"uuorunr:rndoudrfu otrdrunT :rniiaufi

ron::tlu6snr,t tmpeoance n-.rrfu1,urn:m, nr impeoance ta{:rrlu6.rldornn, rNf,lyiud:$ ?'hrr:n

aA:g
llAsnl'l It:?t a\t n1:m AAU ntAd:sUUUU riraun'n

Z= FN

Iql!fi z 6a tmpedance fla{i;rJu r 6ou:':fi'l#un:"uu v fiannilrirro.t:suu

tumrrn#uriu admittance ?a!i3uu 6anmlirslun't:m6aufira.r:3ilurfiafiu:.1il1n:cfi1 ri'.r

rfu udrin"n.e ?a{::uu6.tloio.nau -t
Y=V/F

Torad v 6o admittance ?a{:ilruCopyright by Mahidol University
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m:tnf,aufitolutfin:rrirna:ruuuoufia'nurwrilu dynamic fiafirnnrJf,suurla,rnrlnat d.r

o"fio,:ru,liirulurjla{ sinusoidal force tfiau:.tfin:,m'raa:nurilu sinusoidat force finabiT-nnfi

nT:rnf,auiiriiu sirlusoioal d'rs u'u6a nmrrirtam-nqfio;rflu sinusoidal rdurfiarfiuu:.t

'lu:ruuunasrn:uil:cnaudrs mass, spring uffi friction doaodrl:rnaunrardulufrfirnun

lmpedance nia admittance ?a\t:iruu Inari{ s a.odrJ:"naufin'nnau6tua{nau:.:tudnurwnr,rgriu

;',:sialrrii

1. spring qrualffitat spring 6a iiu:.rdrunrunanr:ulf,suiruil;o riaaanu:tfir spring

trifinaan spring o:nuruTlnai'u{firunrjrrfiru rfiailaaa spdng frocrnfioufina-u{Arunrj.rrAl riu6a

riiahifiu:.:rrfu spring niariiau:.rrnrriu6uri ntrrS':lunr:rnf,aufizao spring o:mnfian riia

fiotcurnr:tn6aufitaru:'tuacntilti'ruuu sinusotd o"bi'rru:rmdnudi.nT.nrtrrEr tl+ :au uia

gO'6ot30n spring rt out of phase com@nent tfin forc€ lag velocity

ufinlusontilumia impedance firfiaa1n spring risrnr comptiant reactance 1-x61 tunr,r

'eJi-anaununrrnmalunr:mdaufrtatnawrurlu spring nia admittance ta{::ruufirfioorn spring fi

f:anlr compliant susceptance (Bc)

2. mass 6aturnun"rlrnfntat:;uu dtfi nruartifi qa eirun'l:rilf, au6runJ,tnianasiru n'r,t

rndauii riufia tunr#o"nrbi A &'& ' u' ' v j j
rnnaun Inuuasna{ [tu:.JrJ1 nn11u:{n'lu n1:tnaaunta{mAAUll UUflA tun'lTnfin'ltn mass mnAilnmUU3cnA{ttU:.JlJ1nn11u:{n'lun1:lnaAunta{ mass

j 
-b 

v r e d o o, ; )- d f t ,. q e r

rfrou:.tfr'tnrlnn'ntt:{nlunan mass fro:nrln mass mdaufinrunrT rrirq,rqnlnalunaflnu:.rfril

J ^ A A a . r-' A )a ' awavfl:$1mfnaaun?on[f[a3n'l1ll$luuu SinuSOid a3[q1'lu:.inaoufr:?nIa11nt5? 114 'rau

nia gO'fu6un ,*.. r. out of phase component tiln force lead vetocity

u:tdrumuaruuia trpedan.r drfiaaln r.s dfisndr r.ss re.ctan.. (xnil tun'wndu

fi'unlilirslurn:tnfiaufitaurydr.nuaiT u mass nia admittance zounrudrfinorn mass ii6sn'ir

mass srJsceptance (-Brn)

Copyright by Mahidol University
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3. friction tn'a fi u:r rrn:rirna:cuuuirrirbi:"uurnfi aufi n o drundoo:qrprfi ululqrjzor

ndrmunruiau d.rurrdTufifrrhirfisnr:qrprilund.rmunlriauhlfGandr fricrion rfiafior:ru.r

nr:rndaudtaluNfiun:d'lna:RJuuasnrurirtar fdcrion uuu sinusoid o"1imu:.rrn6oudrriu,

riumurhfuGsn friction rr in phase crmponent

impedance firfinorn friclion d6an'rr rssistance (R) uas admittance ta{:cuufirfiafln fdcrion

tiaml conductiance (G) (3, 36, 37, 38)

TYPE OF
ELEMENT

sYsrE!.,r FORCE .vELOCtIY
RELATIONSHIP

f,rECxA trcAt ACOUSTICAL

8c

SPRING cLosEo c^vtlY

lrrr-\7
\-4"{co.rRurl

Bm

ulss

fu'Afl^sst

oPEN TUAE

illll +l
\\-------^
/>77777777777777'

SLIOING FRICNON

?
tr5

fu'
fu"orssP^rvEl

;!nj uas"nrrildtJvrudta.ru:.ruasnrliltiduntrn6aufita{ spring, mass, friction (fln 7)

Intair.rta,r4rl::naud'lafnurwn, $land 6afi mass, spring un: fricrion dofinrmrmufi

riluri,r:a.runamarina":"uutfla'r lfirnirLmrfior:rur spring component luTn:.rai.tra.: middte ear

riurinliArir stiffness n5a compllance unuAt'r spring) rfiaiiu:.rvria sound pressure rirliltu ear

canar o#rbi tympanic membrane ua"[n:'rai'una{ middts ear rfiornr:m6aulnrd.ro"finr:qaudual

nauNl,udnuewn,.r .;riu
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rfialoT nln:lair.rtal middte ear ttnr rympanic membrane finrrnrqurf.rfirflu::uuna-

maniun":"riurfla.: fuldfiryr:rurTa:rairrd.rnammrordil:=naufilri impedeance nia admittance
, -JBn:vuua{u

1. spring rJ:;nuui, rl

- medtanlcal spdng lriun tigarenl, muscls, tendon lu mioote ear cavity, cochlear

v'rindow ua3 tympanic membnane

- acoustlc sptrng liuri a'rnrniiqnrinli'lu ear canal uacalnlFl'lu middte ear caviry

2. mass rhsnauo;rg

- mecfianical mass ldnri p"n ftacctda, osslctes, perilymph lu mchlear

- acoustic tnass liuno'tnlniiodlu ear canal, middle ear cavity, ua; mastoid alr cell

3. friction ilrnaunrEJ

- rnechanical fdction loiun mucors membrane, ligament uns bndon ton middle ear

nT:mdau}arta{ fiber d6a.rrfiitr1urda,6am.r tympanic membrane, osstqrtar joinr, cochtear ftuid

- acouslic trictlon liun ffirtndlntata1n1f,lu ear canal uns mlddle ear cavlty

(4,7,36,37,39)

In:.rairoza'r mlddle 
"ur' 

ti'rnurdo"r,aumraonou:.:nia sound pressure rdurdmriu mass

spring, fricrion dnauaua.rriuu:rfiun:sfirnrrdnuruvnrrnnnran#nd.ru.ui.irodu

'luntnrm lmpedance firfioorn mass, spring fiiction riuarlr:orirruil vector mli'lu
o rv .Anltltnt'l!fin.::un 2- 3g
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Acoustlc Irnpedonce 'Acoustlc Inpcdonco

€

o
o

o)
o
u
o

o
U

o
U
o
0c

Jt 000

Js00

0

-Js0o

-j r 000

-.jr sco

EL
o
I

a
f
o
u
o
c

o
U

o
o
o
o

J1000

Js00

0

-Js00

-j r 000

Xn - 750

xr - 500
Ex

U
)<
I

'.il500 L L

o

Res t e!ance

z - 2s0 fJs00

.z - 559 1.630

500 t000

(ln ocoustlc ohic)

0 500 1000

Re.lEtonce (ln ocoustlc ohag)

:ilfi 2 @

a'tngtJd 2 uaz 3 Xm rfludriiaqjuuunu y druurnniadruuu njatrurornlu mass

component riiaiiu:.rilTn:cfrtEta mass m:m6aufitalurna3uln?'wtin 114 Tou (+90'y dru -16

nludrda{uuunu y dT uauniadrum.rtdatoT nlu spring component rfiofiu:lurnrcyrrna spring

n'rrm6aufi?aruro#rnr1n?1lli? 1/4 flu (-90') iru n riludriia{uurnu x nr.rdruurn

rdatonnlu frictton u,:{firnn$drsa tricrion uacnnilr5lo"rfiadurriarriu to I -X6 uffi X6 nlu

vector iia{uuunurdmn-ud'ru1:nrruri'uld'irajlprsi6nr{rarafin iln}1fi' 2li vecror ra{ x i1l

1xg oqjn.ld, unuuds{fin1,u:cuuusufi reactancs drfiooT n spdng u1nm1rfrnrln mass d.:o"6an

rnrud'jr sriffness conrdled rirugrfd g ki veaor ?a0 x :?rr (X0 uqnr.roiruu"nuarufiwuufi

reactanca firfiso, n ,*r, urnnlr 6.r6un::uudaa rus controiled frtuiunr::rl impeoance fi

tfinorn x uas B u3a magnitude ta{ impodance (lZ) o"siaoAruruTnalinqufina.r pfhagorus

rda.rorn R ua3 x ulun'riiaJuuununrriu

magnltudo ?an lmpodan." dAruruorln nqu$flo.t pythagorus 6a

tz = {Rry

z - s00 -J!000

z - tug L,63"
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drurqu (phase angle) tan magnitude 6a

O = arctan (X/R)

v.dfiiunt:ntar adrnitianc€ firfino:rn mass, spring, friction uurnil'l:ou1:suu vecror rt'l

o-o o 3e .i
tttu n1:? tn:1;l1 tr{:un 4-5

I c Adrnl ttoncc Acoustic Admittonce

€
E

u

€
o
U

o
U
f
o

o
U

6

Jt.6

J0.I

0

-j0.s

-J1.6

Y.0.8 - jl.6
\ - l.7g /:A3o

0 0.8 t.6

oncc (tn ocoustlc nahoc)

o
E
E
E

u

€)
o
U
o
c

o
U
co
CL
o
I
I

0

Jl. 6

j0.8

0

-j0.8

-Jt. 6

-J2..

Conduct

€(I)
I

nlfi s:riii a

tunrtnduriurfiafio'ururm adminance ?a{raluacriluft;rJd 4 uas 5 dr veaor .ron 86

.9

nF -Bm arausfimrriu -Xc udr X6 dru veaor e u{a.onrjordsrriu veclor R ua;finr::rn

- ct a '
vector losltnqu6?a{ Pythagorus rnriu 6a

admftance magnirude (lYl) = r@+. A-

8t - -1.6
Ba - -2.0

y - 0.. . Jo.g
Y - 0.89 l-63o

0 0.8 1.6
(tn ocou3!tc @hos)

mc{ilra{ rnagnilude Y 6a O = arctan (B/G)
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tunr:uan:n1 impedance nia admittancs ta.ttsuuuou ff uatnuan.rld z fluuufia

1. polar notation uamtflu magnitude um phase angle

impedance ta.::;uufiuans14rJ polar notation 6a z A

admittance mlranufiuan$lu$J polar notation 6a y A-

Z. rsctangular notation uaonriiuilSrlru?a{ in phase component :rilri'u out of phase

component

impedance tamanuduarntu;rJmo rectangular notation 6a z = ntg

admittance ta{:flufiuAor.rlugrJta': rectangular notation 6o Y = G+14

R unc G 6a ln phase component fiuqiuuonu x (real axis) #u x uns B 6a out of phase

s'
component naglruunu y (imaginary axis) firbitriaT ruT:n:rrriuldTnsi6nNrntn6ndouan.rlns$

drurudnuni 1 drurndaon.,.nnri. I rfuaTorilu + nia - fitri'duaqitiur. ort of phase component

riufi mass nia spring lrnnmriu rirfi mass rlrn (mass controlled) o"loitrlu +jX, -jB ua;rfi spring

llrn (stiffness controlled) o"litflu -jx, +iB (3, 36, 38)

FrBqrsncv d€pen&n@ d acous{c lmmithtt@

ri'rd1d'ndrr.oi..r impedance rolr3uunaf,Tani :nrurils{ fi3a :"rrub{viT riu litrlrn

g oldrft"nau 6o mass, spring 1&triunr:dntnrfisrrTu spdng fiundmoiolUdo"ldAtj. tritrn.tt

nia compliance ttnu) uffi fiiction tiiofior:ann1:etou6{uan?oontJ 3 aldil:"naunau:lfilrn:;ir

oi.r*ui. mass uar stiffness riiu frequenry dopendsnr component sirfiortrurlud.utr* tus d.t

q ! '- -- -"-^--iru-firi.rrnun rr,ndaufiuour,,uir inndfi mass lrnfiuurlilot,ndaufildi.tilua{nu:3naunil nntrlilun nlunlun'l:rnnaul

J oot- Ao ,A
ua3n1rfir3n1t?1?nqnN mass il1nmn

rilu#ord,ruarnoiun-unrur5dun.r,nduududriludndruTnsnr.triuu:{fimn:mrniandrrld'irrflud'n-

drulnsn:rriun.rudzuou"ofimn:#r ;,lu stiffness rfuttru'irrir stiffness mnfiuurTrilotradaudtd

r5?r;u rirfialriu:rrinaau (stiffnesr riuu) uach;urrrinufir (strness il'rn) 1irda6'urlartdu::yiqM

R?g uuna mass s
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oaui?rjaasaano"nuerl*iu::riofiaauo"rn6aufinfruhlnauvrdrnrrhiu::rini4ufu riuFa $iffness

d e ' r e e o o' ) a t"' 9 u 'rrlud'aarulnuqfinun?'ulr,:'] [um:mnaun rriulnmn'rrrd'uyruo:;tam{ stitfness riunrtrurirlunr:

rnfiaufiriun:.rirlriurnrra'rr{ud:nnmo mass riunmrurirlunr:m6aufi el-sutuntrrifilr.iud:snirr

stifhess funrufitatu:rfimn:;rir6.rn:.rdT ruriunrrrudrrt'uf,t"nirt mass riun'lrrufitoru:rfiru'r

o &a < y' j j 
" . j 'a q'

n:srl'r fu6a stiffness osr|ud'ndruarnriunun?1ilflta.:u:.:frrurn::n1 (lfia{oln mass rr]ud'naruTsg

- ; A e t,
n:.0nuu:{tix,ln:fl1) d1l45u friction uurrjua\tnil53naufflfi impedance n{finaoqliltuagnunl1iln

j"
?a{uT{fiun:anr oqrr fdction tflu frequency independent component (40)

Feldman (2) Feldman uas Witey (4) na1't'l'l impedance fi tympanlc membrane tu tow

frequency riurfiororn elastic force nia stiffness i4rfinlu middle ear cavity unc ossicular attachment

rfiudeulnrj impedance fi rympanic membrane lu nign frequency tfinorn inertia forc€ nia mass

conponent rrluaru'lnrg uacfi mid frequency 1rJ::uru 800 Hz) impedance rfinorn mass lla3

'v a ') i'
stiffness m'rffu ocniutrfrnrrrlfion.rnu mass uac stiffness component ocfidnfir,{ana impedance fi

tympanic rnembrane Flt'J fiu

Shanks (36) ndt'i compliant reactance (-Xc) tiluu:{oi.un.utuo spring Franl:1mata.:

n f{mu dr ua si rfl r a il nr:lio-.: d

-Xs = 112 lllc

Insii c 6o compliance f 6o frequency

fln6n: o"niuld'ir compliant reactance r{lua'ndruzunfiuriu trequency riu6a spring osfi

u:oriT unr:lrata,tndomu (comptiant reactance) urnrfiofirilmnmrufidrlnail1u:filu

d.u mass reaclance (X61 rfluu:roi.rn.utuo mass sranr:lnata{flfin{luuaorotiiuarnr:

XP = 2 ILtnl

Iorsir' m 6a mass 't fia frequency

Fr'lu
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6q'-fv-:radflndnr rfiularr mass reactance rflud'sd'rulnsn:.tn-u frequency ulufa mass ocfrux
!

' r i aa j ,r

n1Un1U n1l []ln?a{ Y{n{\t'lU (m ass reactance) lJ1 n UJa rJ t6{thl m1il n6{ lfi A al'lil

Hughes uar Bertin (41) ndTtitdafirilu.:nmlfiq,:lnantru:ruu mass asfiurndrum:

rndaufirrnn'l'r stiffness unrfiaiirfls.rnmrddTlnaahu stitfness o"fiu:rdrurntnf,aufiunrnl mass

d.u friction o"fiuxdrunr:raf,ouftlnuUntf,suuila{mNn?1ilfiflarrfls{fitnazuruivuu

Shone uas Moflat (17) ndrritiiafirfrs.rnmildd{fiaanu::ilu u:{n''rutro{fir1rudrulnrU'

rfionrn $iftuess riu6adr -xb rnnm'lri. xr rdafio'r:rurlufltat susceptance nu1'r Bs il1nn?1

v & 'A oa J r
-86 Fl{ul.t peak ?oit susceptance t\j/mpanogram ocaqnfimu?n untilaill6lg'ln':1iln{{l?1nzu1uu:{

e ; a d A & a
nluta{:RtllfrtRq11n mass *il1nTuua3u:{mufln stiffness ana\: uuna Fr1 X6 il1nn,)1n1 -Xs

i - o . - -Vrnafio1:ru'ttulnlta{ $Jsceplance llu?'l -86 il1nnl1 Bs nnuu peak ta{ susceptance tympa-

a'
nogftlm 6.ragnrlmau fi:grlfi O

t-a-'\

A

Fr. --4\
h.g/.

:''
,-^ 

-/1. tlrot V

,-\/
V

;ilfi 6 uds.r$l;r.t?a{ susceptance tympanogram tdad probe tone frequency ar.rriu lorn 17)

Zwislocld drlu zel frnurn'rrr#uyluf,tar reactance ua; resistance riuntlfitaorfis.:

rrudT d bw frequency m reactan@ niudrnudlnlu reactance drfinorn stiffness udd nign fequency

ar reactance rflunrurnd.rnlu reaclance firfina1n r"r, #u reslstance finT rfiaunoiitu4nnlrfid,r
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:
o
:r

:to
s

I
c
oz

ll

c

,i u v . - i d r o

?un 7 llda{nl1ildrifiu6ta{ resistance ua3 reactanc€ nua21ilnfla{r-lsn [zwislockl a1{tu 22)

Margotls uasnlus (42) firnr:dnurnl resistance ornn4rud'radt 10 au alEI 25-41 fl fi

fi:"n-unr:loitsurJnfi nr?a{u;dr;yrun'r1ruAndnfi unslJfiil:ifiI:n4 Tnsfl;rfiNnrrrfi eeo-gro rz

nT:trlf,suuila{ pressure tfluuuu ascending direction uar descending direction ou'jr dr resistance

ta.rrtr e directton aJlu:;oiurfiaun.rduriocnldsuamil6ta,tr6ls{ drud. reacrance ocrfiilornnrau

}Lri'ruanrdatfirnrufimtrilst?i{ 2 direction uor ascending direction o"lidr reactan@ iiriluutnii

nmrddrn'itiiald o"r."ndin g direction

Johansen (ar'r'[u zo) fintndr acoustic impedance toinrilunr:*ua"rfiau:nrund.rt"uli

qrr: l= {-@d lor# l=impedance r=resistiance m=DdsS s=stiffness ria

nr:frnuttu'rrrfia::uufi mass tfir{u rdunr:fi fluid lu middle ear o'rnl:n otitis media rf,a,:nmr

dn'rrfiunT.rairubifi resonan@ frequency ra{::riufiocadludl.rn .uduir udfi:"uufi stffness rfin

{urdunr:rfin negative pressure lu rniOote ear cavity, m:qndutat euslachian tube s3a obsderosis

. RESISTANCE

' : , ,.'t":t:lli-\l!:'r--:-
,.'....,$i**'d

FEACIANCE

. tlArE lt0l
I r€llaLt lr2.

tourrg tRtOUtflCt 6rtte)

r6la.rn'nrdqoo"r6unr.ranuld6 resonance frequency rar:nufio:mqjtud.onrrd6 ri'.rpi{ a
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l@
d8

+10

o-) : 3trll6€93 cq.v€ f.iclion cu.v6
H:
x-x :

/ \ I
- -*. x I f,

,/

-G_
\-d .f

gilfi I udmn?'rr{illiud mass, stiffness, uar resistance ri'u frequency (Johansen ir.:lu ze)

Burke uffinrw (44) ldrirnr:dnur mlddte ear impedancs olnnqrd'rast 25 nu o1q

19-29 fl dfi:dun,:ld'autLna hifiu:ifiI:an rfian:oiudrs *nir" noise r^ru acoustic refre

'c.-:-''.'...--'''ri_--:-,-'toiset^|Uacou$icref|ex1,1{,t,2 ?1{ rmmmranElm reactance ua3 resistance finrT rufi. 125, 250,500, 750, 1000, 1500 Hz

a t t c \Y - ; : J
rJanl:nnM?ru11n1 reactance flr'lnuan mass, stiffness) aqa{aurfl'rdnr O rfiorfiunflrjfi tutrw

tirir resistiance dauilT.rnod uncmr;lnmnirsn6{riunr:dnurtat ctattke (zol drndrrdl rriction

nia resistance 1u:cuuo:finrn.:fi'lunnrnrldta.rr6ls{fi*,.nt"oiu fiaihhsilro 300 ohms dru

reactance o"fidrurnii low frequency 6urtr"u.* 2500 ohms ua"fidrriaaaoii nign frequency (rJ'rn

n?'l looo Hz)

Morton uns Jones tir.rlu 31) 6nuT impedance toit middte ear flnnqilri'radT.riifirn:ld

Surinfir'ruir reactance finr:ulf,suuila{milnmilfitatr?iarfrlnaatru::uu6ordfiHualnn'raurfuri.

i a a A ! : a' ' r I Y ! r .r'
urnriior6larfimlilfid{fiu d?u resistance finrnauttn{fiuilo;rilfisuuiln{nmil6ta.rrfr$!#{;rlfi g
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soo lo@ ?ooo
FrequerEy. 

"/t

ilfi 9 udn{n?'lildilr{'udta.r resistrance uns reactance riuntud (o1n Morton ud; Jens5 jrrtu srl

E?oo
'6^
cFo

o

lo
14

<?oo

".""8
2o0

o
co
oo
(E

Bess uac Humes (35) nnrflrnuufiu'i'ud:"nm.ru:.rdrumutar:".lufirfinorn mass ung

stffness riu nrrlfftunT rnjnfi rfu nlu rio:rjd r o

O -+ tlfrrfl'lcc ftc1o1J,*r1

fwynuul of "ihkon c ngt

s
.e
Gj

o
-f

6t.i:l

t-lel
I

o

.l - s t i r J_ru udn'lnmildilnufl::1411lu:{tl1un1un1:tndaulu??a{:flUfitnno'ln mass, stiffness nu

(b

\

nr.rdlun.tnfioulvrr lorn 95)
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flnflJ o"rfiuiri4mrudfi1 mass fiu:r#runrrrnfiaufiulaulur*ii stiffness fiu:rdrun.r:

^i--.1 -- ..'J - 4, t,. a - a' jmaaufrrnn untnaatrlfr{'ttu mass ocfru:rnrunr:rndauffunml stiffness nrftrLulqfirfiEl.t
jc'r ' -aflilnmlfiaat1ua3ntt:\tnlu?a{ stiffness il1nnflu:irfriuta{ mass rtun:aJufit $iffness controlled

': o dd o. r ' -unnl:suulafir?la.tmrr,fi{tlnanruorfiu:tnrural mass il'lnn11u$;1u?a{ stiffness fian:anuriu

fl .u., controlled rir:"uu1nfiu:.rri.uouo mass uac stiffnsss nirriuriiafirfrsin?1il6nd$nal.ilu

e--..-..e-{-+ .' st q-- ad d ; 3 o q - & ann?lnnuuna?ltllu resonance frequency ta{icuu 'lun:dfr:ruufr rnass rfrilfiu ocnrln:ruuuur

resonancs frequency d'rn'j, rlnfi udrirsuufi $iffness unfufio"rrrbi resonancs frequency q.rndr

ilnF

Shaw (a,l{tu 42) FlnErnrtas acoustic resistance uai acoustic reactance ilu?1

resistance t{lu trequency independence rfia.rornfinT nrflrjrildsuuilarnrtnrtlfitalrfis.t

acousllc reac{ance tilu frequency dependence rfjaoornfin'rnl6guuila{mxn11ilfira{rfrs.rTnarilf,su-

a$ustic

d?u

I 200

to@
8oo

600

:l{ro

; 200

3o
3 8oo
je-
j' nm

: 200

:o
i
; _?oo

!*-i -o-l
ll
: -t0@l

-20@

-3 000

-4 (xto

ur.J n.: or n n'r n u rilu n1ul n r da fi nrr I fi q.r du oi.r gr.tii' r I

:'.- 
R'irloreo Fd '

:-r.-

.

o.o2 0.05 0.r o.2

F.oqsoncy, &Ha

rrjfi-].L uarnmttdlfirJna.r reststance rns reactance riunlrildrauifa.l (shaw dr.rlu azy
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Zwislocki (43) lqfrrnr:frnur resistance ttn; reactance lunarnutlnfi n{r otosclerosis uag

nnl ossiolar separation lturr nr:tilf,suuiln.:n'r reactance ?atnoo 3 nq'rd'rodrlfia'nucrsrnfiauriu

6a nl reactance o:rilf,uuornnrautilun.urn,fiarfirnmldtauils.r ndlun{u ossicurar separation

nu'I1 finr:rrJdsuuilarn'l reactance alnalautrluarurnnaunqlilnfiua;nail otoscterosis tutnr"ri

z nqlufi'rfinr:rrJdauuilntnr r'"urtun.e trrnnlaurfluurnfinr.wdtnfgriu #udr resistance nau

irro"n,rfi o*iocrilfi Eruurla{nrrilfi ro{rds.r riir;rJid r z

1 000

0

-1000

-2000

-3000

-40c0

o.2 0.5

Sound frequency, kHz

uamrnlldxrt'ud:"rnrr'r resistance ua3 reactance riurnudro.rrfra,:lunquii'finrflrifu

Unq, nEil otosclerosis uacnail ossicular separation (o1n €)

c
.12

o
:)ou(!

oi
co
.g
U}
(l,

oc
.o

O)()c
4'
r)
o
OJg

:ld rz

mtJ::tfi uanrnnr slu mldclle ear cavity Tosairu tympanic membrane iiaruq:*iutu61ud,:d

firldEnn h/mpanometry niunfiifld'lunrflJ:crfiuanrrnrnrslu mtdcle ear caviry n'r.rjo,Insnr:{a

acoustic lmmittance ?a{ middle ear tut$"dnruduarntntudau-lfuuannjdauuiln,r ,i6nrrrnn,ra

nunal??1 tympanometry tilunr:n:rofifin'nilrnanrflJ:cfiuanr't?a{ middte ear uanorndrl-.:

riiunr:n:rofihtia.tn.:nrrruuauu.ro.n{rJ'.0 n:rolir5r lr1n"lu4nnrjlarq :r'r{,rtunqrfin:ro

#i I ;gliiit*, *r*!-.Jrr J
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s'rn 6.rfirn:1i tympanomerry

(4s, 46,47)

otosclerosis orfi trympanogram Flirounnonoornnarudu
. -J-nltnu!tnnnnn

:,trt riu nr:n:rotfi a6u "11u nr:ifi odantrufi nrlnfira.r middte ear

Terkildsen uas Thomsen lir.rtu s; rfluunnnu:nfiritf,s{fifintrrfi 220 Hz rrlz'lunr.i

nnflau h/mpanometry d.rrrJufiaailiuua"liriuadT ,rnirltrrrlunfifinn:.lonr:bi0urda,ro.rnd1il1:n

ifioii'sT:nta{ middle ear lduluadr.:fi uorfiarufinrJnfirar middt" 
"", 

u.ornr.rfin,r:ti probe tone

frequency 220 Hzlruld'tri'iaXaiidrslunr:ifiods 6{finr:6nu,rfiEnriu probe rone frequency tu

nlrnndau tr/mpanometry rfirrfir

Llden untnsuc (6) riluqnnanqlutni{ti probe tone frequency rnnnt,l 220 Hz turn:

nsdau tympanometry Inat"i prooe tone 8oo nz 1t'nr:rrldsuudarnrrilfiua,rmnlu ear canat tfin

ascendlng drectlon InsrilEsufln -200 mmH2o 6o +eoo mmH2o 'lunnr +s iurfi ua"aruaralu

:rltat impedance tympanogram n{lftad'wdtr''lunr:Flnsrfi s n{ru6a n{liifinr:1d'aur.lnfi oz nu

a1q 1e-43 fl la,qroda 27 fl) n{rri":oiir*ifinTrlfiqilnfi1un.r:ldfiudnd:carnnrdail (sensori-

neural hearing loss) zz 4 ararof,tt 47 fl un"narun'rasr,rfifinrrrufiorrLnfi1unr:kiEurfinitfiH.rr€la

(conductive hearlng loss) alqtads 41 il Torsutlntiiul:n otosclerosis 2s n orifis media s 13 uac

ossicular disruption 2 n aranr:finuttuirlune!#n'nr:ldEurlnfi nql otoscterosis uacnnrfifi
.Ja'il::arnfirfiailocfi tympanogram gnJn.nnfiauriu un'lu n rj uii n nr:utilut r€lunton m u n riu n 4 r,

,tT na, rmnr# hrrmpanogram figrJiro

t. iiualafi tympanic membrane uiaiinr:tnfioulnrrao tympanic membrane ltnmrilnfi

d.:fiamtli' curve ?a{ tympanogram nlfieuuila{ad'Nflsr5rlnilriulnfin,nruriuarmnri.r z oirura.r

tympanic membrane nm riu

z. nrru^nrlndmtnttloiuornrnlu middle ear cavity frT birfin norch 1u61uilrjrii'r|omn

ilnfi
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3. fi nuio '[u middle ear niafi tympanic membrane p€rforare o"nr'[ri tympanogram r{lufl

ttult:1u (flat tympanogram) rfialoln fluid oinhi gmpanic membrane rnfiaulnrjaa uacfirfiiu

tympanic membrane perforate orntno:lnnr.rru:aancaTnaluli'tl*i ttyrpanic membrane rnf,aulfir

4. fi ossicutar disruption d.ro"li broad undularing peak tympanogram

uanornd Liden uasnrrr (o) ri.rloirirnr:6nurnqruoiradrdifinr:lsiaurJn6 zo 4 InsU

probe tone frequency 220, 625 ua3 800 Hz atnnr:finurnudrn'r:1d probe tone frequency ,+iudu

otmT binr, lfintal notch rfiru{uun"rfin notch fin?1ilfiuarmnrilur.,rn*,rn{u rfia.rornfi impedance
, j. - afi nign frequency uasntrfi low frequency rfianrrrusiualmFt'lu ear canat riluurn uunorndn :

tfiot notch d posftive pressure rira'ntfiaornRl?; hysteresis ?ar tympanic membrane rfiafinr:

nJfiauuiln{nrufiuarnrrt'lu ear canal arnfirn{rudfiurunfi tympanic membr:ane uas tympanic

membrane fifim:tndaulnrmnoctfin W shape tympanogram rdali proue rone frequency 625 ua3

800 Hz usio"Unurdati probe tone frequency z2o Hz rrrhirrnEnrairnrrilfiqrJnfira{ tympanogram

d OZs uas 8OO Hz probe rone darorfisrlnn?1ilu1?ndu (wavq tength) ra{uqasa?1ndd*rrt'udriu

tulma{ middle ear cavity riu6afinrrlfia.:nrrilsrrn6uonias6lrfianr:arriaunduta.rnf,ufi

medial wall ?8'| middle ear cavity uac mediat surface to.l Impanic membrane firiluuaraua"finr:

rnf,aulrrurnfiorlnFdoarorirbifinr:nJdauurJaoJrJir,rta.r tympanogram turrurfirnud'uornrnlu

ear canal ua; middle ear cavity tnln-u unii prooe tone frequen cy Z2o Hz ocliltrunrufinilnfita.r

tyrnpanogram tiiaoornfintu6dro"finrlilslrndur''rn6.rhirfinnr:a#aun#urarn6ur?lsr:cn?rr

e&
zuu{n{ 2 n1u

udsn un3nil3 (6) fualJarnnr:finutj, rdafi probe tone frequency drrfi'uoaarbikilrt

:1{?a{ tympanogram unnnr':riud'rdrs'lunr:iiioosnr1ilfinilnfilu mioote 
"u, 

ld d'.rrfu6ldatrf,on

probe tone frequency iifi rfi"Iazuuluntriiiodsurnfi an

ndtornm:finu1tad Llden uacnruc tufl tgzo(o) fufiqidntnrdarriu prone rone frequency

lurnmnaau tympanometry uand,
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Liden ua3nru; (9) rirm:Flnur tympanometry +rnqiilruiiulu ossicutar disruprion 6ruru

10 nu a1s 14-60 fl liptooe tone frequency 220,625 uas 8oo Hz firn:rrlf,suurlal pressure lu

sar canal a'ln -2oo mmH2O fu +eoo mmH2O tunar +s iurfi zuarn:dnutrut 1nnuo"ld;rJ
j'rtza.r tympanogram fr zzo Hz n,tooln 800 Hz uarfiur.rnudtdgr.tirmr tympanogram fr zzo nt

n1nTln 625 Hz

rrra$Jfunr#grJir.rm.r tympanogram ii eoo nz nrrorn 22o Hzlun{l ossicutar dtsrupilon

v^
uutnotrln

. ; i " ne1. tr|atnil probe tone frequency riTbt comptiance ?al tympanic membnane r*iudu

2. probe tone frequency 800 rz rfiu frequency iitnin-u resonanc€ frequency ra{ mlddte

ear il1nrn1 220 Hz frThin:rokiamfinroun:r

Margolis uasn$3 (+2) firrnmndau tympanomerry Tna'li probe tone frequency 220-g1O tt
t'i pressure direction uuu ascending un: descending directon n{ruri'rari,r.rulunq'lnui{fin'r:1dEu

rJnfiarq 2s-41 fl oruru 10 nu }ifi*ial:n4 or:ro4uirlnnunrrrufindnfi ararn:Flnsrflum

rfioli proue tone frequency rfiduormrhigrm.ota{ BG tympanogram nJfiauurlnlaarifiEuuTna

nlfisuoln 181G, 3BlG, sBgG, 5B3G ntrArd'u or-.4rJit ts nr:uldtluuiln.r;rJ:r.rzat BG r1rnpa-

nogram onl probe tone frequenry drfitoanrn:njdauuilarta.:nT reac.tance r-,nnrau (stitifness

reactance) niudrrln (mass reactance) mil frequency ;it+iudu drudr reslstance riufirirnrdlx'

nldauuda{mu frequency ti,tiufl adr.rl:finrunarri'rodr.r4nnullldfinr:uJf,auurJargrJir.rta.r

tyrnpanogram nzunngJuuurdard*l probe tone frequency uonorndnr:nJf,auurJn,ryrJfl{?tan tympa-

nogam f'rdua{riu pressure direction 6nd'?adilurn:flnr*rn{,rdnum tympanogram grl 5B3G ua:

flitta'r BG tympanogtut dfittlnfio"rfin{urijuti prrrrrr. direcilon ruu ascending direcilon

tnluu

dru Y tympanogram utunu?rorrfis mutil-peaked y tympanog."r tfiu BG tympanogram

nlupl seao mt sBsG udfrr,tu'jtfinlun:ddulugrJ 3Ble 1; mufii-peaked y tympanosram
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uamfitar reactance riludrurnutariiudrnufia{tniriuFi. o uonnlnd mufii-peaked y tympano-

gram arotfiooln anifact taoraia.rfia tds.J:unrufirfinornnr:m6auln,:raoi,r,:nruuacnr:nf,u

GZUEIU
o:

c

??o tto 500 6to 000 , ro ,60 8ro
PROBE FREQUENCy (Hz)

}tii rs uaq.tnr:lilfisuurJa'qtliT.rza{ tympanognm mil probe tone frequency rfiald ascenoing

ua3 descendin g di rection ta.r nq l d'r a dl.tunarnu

'= fll:1.:ta.r tympanogram iifirUnA I = mulfi-peaked Y tympanogftm

(r1n 42)

colletti (48) 6ntnrn:uJduuurJa.rplirn?a{ irnpedance rympanogram InsM probe tone

frequency 2oo-2o0o Hz iinr:nldsuutlat pressure lu ear canat fln +200 nrmH2O 6.r -zoo mmH2o

udrirnuirld'flat tympanogrr orli pressure fln +400 mmH2o fu -aoo nrmH2o a-n:1nrt

nJdauurlat pressure 10 mmH2o/seconct nrjld'radrdtr'lurn:finp'rfi e nq'l 6a nq*ifim:ldgu

ru = lJfidarya

a

rJnfi zo q uatnqruiifirrar8anrnlurlffunaloTnrruu{rfiu orosderosts 20 { ua'rfirrirrin $ape-Copyright by Mahidol University
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dectony 11 { ossicrllar discontinuity 6 r nf.:rnanoin rnynngoptasty 3 1.4 drotesteatom" udfi

tympanic memebrane rln6 Z {[n3 ssrous ofitis media 10 { atanl:frnu,lnum

- ' i- q'o r Ad1. na!friln1:lnBuilnffiipJn{ta$ tympanogram rilfiuuuilnnmil probe tone frequency 6a
,'

fi bw frequency tfio V shape mid frequency (rJ::rnru 11oo- 1300 Hz) rfin W shape ua#

high frequency (lrnnfl 1300 Hz) rfin Ashape

2. n{liifirraT Gdn'Ifllu middte ear figr.lir.rta{ tympanogram rilf,auudann.ril probe tone

frequency rdurfiurriun{ruiifinT:bifiurLnfi unocrfinn'r:uJf,auurlnrgr.tir.rludrr frequency n.r.rriu 6a

otosclerosls rfin w snape d 850-1850 Hz n{run#.rairri'a stiap€decromy rfin w snape ii 5oo-1ooo

Hz drunqlr'ra"lair6'n myringoplasty rfia w shape fi frequency qlmrua"drnirndliifinr:loifiu

ilnfi

tma:ill nT:li proue tone frequen cy 220 Hz tunrmndau tympanomerry o"biilaqardur

nu:3uunl:d{nn{{'luto,t mlctdte ear lrirrrin multipe frequency tyrnpanometry osxraefiodu

uunlrntad middle 
""r 

loiloaq frequency fiti.tri,nr w shape tympanogram narurlufl tgzo

(49),1977 (50) rmfirirnr:dnur multlple frequency tympanometrv 6ndtild'ruarn:fincrafu6ruunl:

flnullufl rgzs

Alberti ua3 Jerger (51) finurnr:td high frequency probe tone tympanometry lunr:ifioda

I:ator middle ear rirnr:flnunTnuli probe tone frequency 220 uas 800 Hz nnrudroJrriitt'tunrr

frnurrilunqliifinr:loiauunhua"n{ffifinr:loiaufinrlnfilu:rrTuorrr g huru 114} T ildra{n,rr

fi'nurrnrum

1. 969 { (85%) hfinmruunnnT.rm.rgrJir.r lmpedance tlrupanogram rfianJduu prooe

tone frequency

2. 174 4 F5%) ftrJir.rm.r impedance tympanogram unnn'uri'uriianJfiauurJal prooe

tone frequency Inunur, tat 4 rfin w shape d aoo H. turru#toi V shape fr zzo n lu r+r 4

TrurT finrufinrJnf,tat tympanic membrane il:;rnu z0 { rnet1laranr:flnr*r,lr 800 Hz q611pa-Copyright by Mahidol University
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nometry luln'hi'ia1alurn:ifioq-umnm'r 220 Hz tympanomerry uqari.r,rl:fimrnr:rfin w shape

. q . o& ao
tympanogram tul.4ilnnuuroru2uuasrnn [nrn'l:finlrufindn6ta0 tympanic membrane riludru

nr;'rffirbirfia W snape nj/mpanogftm

urnmrrf, arnniianli ombe tone frequerrcrr

ennrn?finH1 tympanomerry Inuti prooe tone frequency nalsgn?ruti *rtr.i',nl,itriuur6o

tfisrn-unrflfianld prone tone frequency ri'.rd

Feldman (2) uu"u{rif iprobe tone frequency riuunm 800 Hz aro'li soo-200 Hz r?1

namfl nr:ld prooe tone frequency lniriu resonanc€ frsquency rurnrfiu o"nrbi resonance fiara

nafl:rlrar tympanogram xlnn?lataflnnsrBamntu middte ear

van camp rasnntr (g) uu"urhifi 060, 678 Hz rdaro.rnfi frequency unn?1 660 Hz oc

nu multlpeaked tympanogram ldrurndulunufi'fim:1d'tsurln6fr.rbinr:if,odafiqnarnli uunornd

nr:firflalarllddrlna;i.u ear canal ud3 rni6l6lls ssl sound pressure ra{rfis{nrufidrd 
"u'

canal, tynpanic membrane uffi middle ear ovrnrriulfia.rornrila{nrrufidtfuo;iinrlilErrn6u (wave-

length) Nlnm'la?'ltttn??a\t ear canal d.run proue tip fi.r tympanic membrane riu6a rdafirfi$l

nfluddrlnari',u 
"ur, 

canal ttn! middle ear ocrflu parattet acousilc slement d.ni,rnfinnr:'lunr:nrn.

amustic immittance fi ttympanic membrane upiirfirfia.rnrrrufigrlnnri,ru ear canat ua: middle ear
t'co;hrilu paraltel acou$ic element rfia{ornrfis.rnT rl6a,rfin.rrilstnfiu;asml;la.rnrrufi6'rua"

tiasnlrnflr,srlla{ ear canal firbi souno pressure fi ear canal 
"'alornit 

rympanic membrane

Feldman uffi wilber (4) ndTi. nr:fi ossicular turalion, malteotar ftxation nia adhesion

ocmrld middle ear fi stiffnes, rurndu nr:li to* frequency probs tone tympanometry 'lunr:ifiod'rl

fufiuurtilliioclialailnfi rf.rdtijamrnd tow frequency :arutra.l middre ear $p:lu slffness conr,olecr
I J I Jo 9

aHun? unnr'lr hlgh frequency probe tone o:nilnlrfiorrlnfim.ttrEnBanrndfiarada $iffness ?a{

414 91
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t Y jo o -
middle ear [n d?unm6dnltlfrnrlrr stffness ?o{ middte ear anm rtu ossicutar disruption d.:o;

fn'lfi resonance frequency ta'J middte ear firnerilnfi nT:li high frequency probe tone q'nu:r1

:1{?a{ tympanogram fiarlnfid.r'i'nrounmnr:1i,tow frequency probe tone fiGr{urfis{m:rdfiauurla.r

amplitude mluu

Margolis ttffi shanks (5, gz) nn'n']'l rfialorn ear canat ttac middte ear tiluTn:,Jdir*ifian

- V o -tnorn:?a acoustic immittance ot.tttuocna.ttt1lo-1r idoriuadrl:6rfi{riti'

m acoustlc immittance di'nldiirtnrstao probe tip d.ro"da,rfior:surnrairnura{:;uuaun:iluag

:niutu'tuthcnourfiatrirdrlo lutuutururfu lnput impedance loi:slJuonioani. impedance

laiusln"atFithcnaulu:!'uuun"u:lfin:"drnaa.rrir-l:cnaulu:cuuocfidrnirn-u unri,uilu:"uuaun:il

lnput lmpedance ?an::iluasillnm.r impedance tarunara.:drl:cnau'lutuuuacu:.]fin:cfi,tna'lu

:cuuocml riu fi na rdaa.r rirr"naunnatiu ft impedance rnr fu

,z'rndrrrrlunl:t-n acoustic immaanc" tiuri'rf i probe tone frequency riosnlr 1000 Hz

d-i.
43il sound pressure firnn:gnlna ear canal, tympanic membrane u,as middle ear rmd'u uaalf,.:

rfiaiirfis{nrrrdrial n'jr 1000 Hz baazuru:nru ear canat, tympanic membrane uffi middte ear G

rilu parallel acoustic element riu6a unn"drufirJfid'ulrTudojariurnfiauaalu:suururud,rrdrvrdnm:

monr:mrn. acoustlc imminance d tympanic membrane t1 ear canal uas middle ear o"oia,:rilu

parallel acoustic element

t'aotter lJrotu sz; nd.r.i resonanc€ frequency ra,r middte 
"ur. 

o"u{tniriu 800 Hz

nr:ti to* frequency probe tone lunrrin hpedance o;orriornr:ifiodsl:arat middte 
"u, 

d.r

aaonialriu Shanks un: Shelton f/) ' Lllty (11, ssl it#1ri'r nT:'li low frequency q/mpanomelry

o"triiapdnlurj:;Isflifirn;u{tirufifi middte ear cavny, qmpanic membrane ua; eusrachian tube

finrJnfiuoislJfinrulrlumilttiiua'nrfinrJnfita.r ossicutar chain nr:li proue rone frequency

iilniti'u resonan@ frequency lunr:finur acousttc lmminance ?a{ middle ear ornrbiyrunr:

nldauuilaolir:atu mlddle ear liirn InarJnfi resonance m\r middte 
"", 

o"uqjii,l:;illnr .tzoo It
uoifiorr^ru resonance peat< r6n j fi zso-goo t+ ituCopyright by Mahidol University



35

ully (53) uunr{rifi probe tone frequenry ioun r 1000 Hz rn:r;o"nrbior:robijrsdu

tiialotnfinr, ufi tooo Hz fin?rils'nnfiurhgilrfls gs.e rrufirrn#arun4fi ga 'c d{fia.r1!a1?il1n

n?1n11ilEr1lto\t ear canat frr'biaru:n't-nndurdu.riilin:"{uniundurfis$ia#aunduornln:.rairl

tt 'aa.j middle ear lqil:oilnu

Hunter uru Margolis (54) narritnr:'li probe tone frequency xl1nn,],I 2ooo nz o;udarua

l- i a t oulnEnntiiatornfi artifact uncnl'lt probe tone frequency uasmr 150 Hz wiirfis.!:unrurtrnrirbi

catibrate rf, a.rn:{ukiarn

Van camp unsnrus (55) ndrtlr nr:li prooe rone frequency 500-7oo Hz ogurlnatald

i1a tflactfin notched tympanogram turgunfiloiriaa up,'[irud.r frequency lnfi*rilrsarfiqnlunr:

lio, unrrnfi fi n a Err.:lrfi nrilr.rui d'sdrulnrl,osld 660 Hz.

Valvik uatao" 1so1 narrt''l n1:Ylndau tympanornetry Tnal.i prooe tone frequency lnjri'u

resonancs frequency oJtrnanr:nlfiuuuilnJ sliffness uas mass tfl{ middle ear Tnsrzrflnu.lytu?1 n,l

o'.i'
nrqnfunr{'rqs nltofiflunsarutfis{tuurnn:Stuta{ resonancs frequenry ta{ middle ear tunql

Jo l -o
nufrfrnr:lnEuilnfifinrrnrriu gso-tzso, 1049, 261 Hz srilirriu

Parandsr nEN tv'nDanom€tH

lunr:flnsriaila?an ty*p*ogm tfu Fetdman m; wilber (4) Margotis u,ar shant6 (5)

fion:sur 3 parameter 6a shape, amptitude uas tyfnpanornetdc peak pressure (Ipp) dlfi:rr!
a uX

actagoo{u

'1. shape

;rJirmal rympanogftm hiiaprdarriufnunrcnr:drmuTorer:rxmn tympanic mernbraneCopyright by Mahidol University
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uat ossicular chain uanorndf':bi'u-aXnrdarriu resonance ?o,t midctte ear 6nira 1a1 :r]:r.:ra.r

tyrnpanogram rfiqolnm:fiilSdlri'udoioriwo.r resistiance (R) ua; reacrance (x) componsnt nr:fi

nsrfianrnlu middle ear fiarnnanl?a{ R uac x doiarabigrtir.rta.r tympanognm uornsn.r'nm1nfi

'lurn:iiiodal:am.r4firnar.rhsnlTnndau tympanomerry 6.r1i snape rflu paramerer firnd.r

2. amplitude

Van Camp uacnsw (3) Feldman uas Wilb€r (4) ndmd, amptitude, static acoustic

immittance mia satc compliance fio acousic lmmittance ra{ middte 
""r 

fi{q1n'lu8u,lu?o\r tympanic

membrane

v e d o9orloTiufinr:l,tArar amplitude u6ln{Fn acoustic immittance ?a{ middle ea, ununr:liAtr

static acoustic imrnittiance tfialornmn:gru ANsl s3.39,1987 firnunbi$aric acousric tmrnittancs rilu

acoustic immittance ?an middle ear tru"rindr pressure '[u external ear canal agfi atmospneric

pressure un"lifinT:r,rndrta.:ndrlrdo'lu mioote ear uorlunrmortau q/mpanometry. lurlog.iunluifi

nrriltt'lunr:{n nr:r-Tufin ungnrflJ:afiunr:uldauuila{ acoustic lmmitrance ra.: middte ear lu

tsu#firn:njfiruurlao air pressure lu ear canat atn'tfi:a:u6rUldr{lunr:r-a staric acoustic irnmit-

tance nuiafirnuniindmdr.:du 1r, s, sz1

o9o
d'l?1:un1:ttrnn1 stiatic compliance u6fn{m acoustic immittance ton middte ear tiiatorn

nr:flntnm acousilc immittiance '[u:;u:u:ngrfuli prooe tone frequency 226 Hz drnr#firfisl

nrrlfi 226 Hz lnaatru:a:u spring uritua.rrirhrnaufidn6naorad,r acoustic imminance il1nnt1

mass unlurlopiufinT:li prcbs lone frequency rnnml 226 Hz oftrfum:liA,ri1 sraric comptiance

ocrflunrrliArdhiqnda.r (s6, ss)

lurnrnrdr amplitucts nio sanic acoustic irnmittance d tympanic membrane rfusEiaotn ear

canal conec{ion rfialraloiril acoustic immittance ra{ ear canat votume uir6,rri.rnrdlutUuuo.nri.

acoustic immittance iiitlt'luturutar probe flp (3, 32, 59, sg) hrafiLm: conect ear canal ueuCopyright by Mahidol University



37

4 t' 
^-- 

j q
[a?um'lrn:FlnEluutAan correct ear canal fi pressure lauacnt acoustic immittance 'lu:auruto.t

probe tip riuarolifirunrj.rfi amoient pressure miali peak ran tympanogram fitddsnr:rdanl.i
tv-tato

nlunurnttnumnaTufrzuananrAlu?uffl amplitude n3a sutic acoustic immittance fi trTmpanic

- &o ' e
membrane n'lriu'[unr:uda\:arlnfiua{ amplitude esrto{uon pressuro iil"u'lurnt correct ear canal

uncfirunilriilt'tu n1Tn1n"t acousric trnmitance tu:suruzar probe tip ;?El

n'r:finlrJn6tai amplilude o:rirEifiodanr:fir,rarfidn1nfloir middte ea, kirfiooolnnl:fi

nu'l6dR1t'{tal middle ear fiarabi amplitude rilf,suuila{ d.raT og.rnmrniafirnirn,r amptitude ilnfi
.. 3 ' j< . .t'' Juano-lnun''r amplitude s\rt?snu{ h/rnpanogram frrilu singte peak lnuuuau?u

3. tympanometdc peak pressure [IPP)

TPP udffifi.t pressure status'[u rnidclle ear (4) Insfior:anr1 psat( ?a{ b/rnpanogram

rfinfi ear canal pressute m,l: fid,fjaoorn peak ra{ rympanogrcm nlunrunrjriiudnnf,oyt{{flu

r?laoarilr:nrfiunrc.nu rniddte 
"ar 

kilrnfiqrd,ran.rrdocrfiqdurda pressure tu mioote ear [?r1ri'u

pressure tu ear canal

van camp uacn$s (3) Margolis rnc shanks (5) ndtyjrfi.:uri Tpp oc#r'fiJdriu rioot"
,e

ear pressure uqfir^tum TPP fialnttorn middle ear pressure tfiatmn

n. lnstrument tag tunr:nodau tympanometry o"oia.rli transducer nlurialdr.i'rhJtu ear

canal nl1ilnfin?a{arnrafrrbi pressure dtta.utia z dTrnrrd'u Ei.rriruJuriasrrua;unuoa,t{?ifi

x
pressurg n,l\lnulj1n?lu

t. ear hysteresis nruarnih viscoelastic ?a! tympanic membrane uffi middle ear firtrirfin

R1?; hysteresis tfiafinrlrlf,guuilai pressure lu ear canal 'lutn:moaau tympanometry d,:fiaratri

rfin TPP dfirontj.:d..:niutirf i probe tone frequency, pressure direction nta rate oirsriu

n. asymmetry ?o.l resistance component ynlti TPP ?a{ Y,B,G hTmpanogru. odluArunrjr

'o99nfinuttilasnndaul|:oilnu
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membrane lutrunneau tympanometry

pressure

38

middle ear cavfty rfia.:otnn,nrn6oulnrral h/mpanic

d.:riiuarmn&rA'epiiqni{rirbi rpp erhls1n middte ear

unadr.rl:fimlorndrlnnfina, .miT.rduonrbi Tpp m.Jaln middte ear pressure lnrfiu

30 daPa

Feldman mc Wlber (4) Northem (47) na1?'r'r TPP a1ilr:nil:crfiu middte ear

pressure ldqnoi'al *15 mmH2o

Decraerner uasnrus (60) nd.rdr rpp lru\tn'uanfir mtddte ear pressure oir"1 rfia,rornfi

. J- t €
R'113 hystere$s nlnafln visco€lastic ?a{ soft tissue ta{ middle ear il,ltilsrta\l unau'}0I:frmil Tpp

oal:srtrrunr mlddle ear pressure fianarnUrfiu ls dapa

rmilnm twnmnomArvTasfiorobe tone fiBousnov 630. 660. 678 t-tz

Hall uac Chandler (1) Hall (18) natrrlu4r.tnfid'lutncluflu h/mpanogram nlu stngte

pear riufia lilgrt rererv rfludrutnr! udfittu mfi norched tympanogram lurXrJnfidru Van de

Heyning uasn$c (t6) 6,ruannr:tfin notched tympanogram lur"4ilnfiaanornmfinrJnfifialu4rJnfios

nolfi extremata{ B, G ttas Y tympanogram htfiu 5, 3, 3 extrema nrlfird'u tta3 pressure 811?1n

e).trema iia{uanqnhirfiu zs uac 100 daPa lu gmpanogram iifi s nu" 5 exrrema ntrird'u

Feldrnan ua; wilber (4) ndr.t. nr:li prooe tone frequency tnilfru.rriu resonancs

frequency flan mtddts ear osnr'lrirfin notched tympanogram ld

X]lacR
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Shanks ua; Shelton 6l) nn.ri. r:16t1rn:nuonldrr:aru1u middte ear rflu $ffness

controlled, mass controlreo niaaqjii resonan@ za{:niulnam:qpJir.rna,r norcfred B tympanogram

riltdrqttao notch o{6lnir:"du tail value i'qrflu:cuu stiffness controtted ri'rpd,Tqnto.t norchtttt

aqifin; tail value dorrilusuu mass controtled un"riT orfiT an?o.r notch aqjd:"ri'u tait vatue fia
;, . ^e

iiaqifi resonance ta{rilu rdali prooe tone frequency 678 Hz stiffness o;fi impedance il'lnnl1

4ov&etav
mass d.:l:gn?1:ilu stffiess controlled n{uuonFrlrlsto{ notch osna{astnf,o:rnu tail value n1

, ,", , v , & a
1{U?lagFllnXr:cri'U tail valus udFt:rruuufina'lfianrn flnnrfiorrurpJ:rtral notched B tym-

panogmm doarodrsuan notched tympanogram ftr.tnfiuacfiailnfil; vlargolis uas Popelka (oz) rir

a'nr:dnmrrul1fl1fl.lto{ notched B tympanogram lunqruoirasr.tfifiuruafi tympanic membrane uac

nqil ossicular disruption nurrpfirqn?a{ nolch aqjdrni'r:rfiu tail value

Margolls uffi Shanks (37) wiley ra3 Block (52) ndrtjtdali probe tone trequency lni

riu resonance frequency to.t midclle ear ocml?i amplitude ta\t tympanogram rfi'ildu

Vanhuyse mcn$3 (61) ndmi'r impedance ii{o,1or'1u:ruT u?a,r probe rip duug'rTun..u

?1u'ruuura{a'ln'lr{ nruduarnrd Fn'rN15?ta{r?ls{ nrrlldzar16larei'rprprrufili dufifamr.rra.r

ear canal uasuwnlttlnilnrEJ probe tip 'no tympanic membrane

&rniuntudm.rdrgrprrurds.riitu'lunrrnnctau t\jrmpanornetry uu,mrrum nr:ld nign rre-

quency probe tone o"nrbirfior W notched tympanogram tu4rJnfibi ttrafiursnr:rfin w notcfied

tympanogram Insfior:rurnnla'rviud:natu r."u"t"n.o (X) Bac resistance (n) dfinT:nJf,uuuila.rnril

pressure'lu ear canat d'rgrrfi ra drilrrid'uta.r X ocfinrauu.r:,iia ear canal pressure fidtrirri'u

o daPa dottu.r X tympanogram furlirudu A shape druri, n rfurrurliia ear canal pressure

rilunuogfidl R illnmldo ear canat pressure riluurndnrias d.t n tympanogram ftrJir.rrfiau

uuuilu (flat) nrrtdtvlud:nnrtt X uffi n fiarad4ilir{m.! Be tyrnpanogram d.rnTliuioaanrtlu

a nq'rd'rda}td

n{ld r pJ tete € ras G tympanogram fi t extrema) rfinriia A2<x2 4ng ear canat

pressure drurir x uac R fi ear canat pressure hdriu 0 dapa rfu lru'irdr Xo.-RoCopyright by Mahidol University
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nqffi 2 $l 3B1G (B ua: G lmpanograrn fi g uas 1 exrrema nrxindu; rfiqrfia R2>*
io

tld; o>Xg>-Rg fr ear canal pressure 'lnafiu 0 daPa unfi negative unr positve pressure rl,tngnu

it x2*2

n{lii s N SBSG (B um G tympanogram fi g exrrema) rfindia rux u,a: ocXgdg fi ear

.al
canal pressurelnadu 0 daPa unfi negative uac positive pressure rnnglru,l,l x2>R2

n{*ia $l smc (B ua; Gtympanogram fi s uac3e}rtremanrrufir#u; rfinrfia X> R nn

gar canal pressure

grJirrrol BG tympanogram finamlrfrroiuulu;rlir.rdnuloitu4rtn6d.rrzrs-.rnnrrrfilrFx

6nr'r rirfufin Y, B, G tympanogram lriorriuu#r ort"*ost extrema to,: G tympanogram asag

mglu outermost eldrema ?on B hr/mpanogram uanoT ndrmbinnrefu sharp w shaped tyrnpanogram

fi r rulurgJnfi riuarorfi nornrniarfi afitirr.o

l8l G

4*
(dr I
_--A*,

38rG

383G

ftl +^1ll\,
-v--

583G

tbt

$Jfi 14 uaaonnldrri'ud:nnir.rd1 x uffi n i4fi.hi,nu y, B, c qmpanogram uuud,r.r jiinulri'lu

4rJnG lorn or;Copyright by Mahidol University
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Creten ua3n$s (62) finur3rJuuuta{ R, X tympanogram IssArurua,r R, X r1n B, c

tympanogftm Inali'gn: X = -B/(82+G2; ua" R = q4s262y nr a, o ;fti'1u6n#urilunr a, e

ta{ tympanic membrane uff middle ear. d.:Arurulio'rndr B, c ii probe tip d.rriluririilnq{qara.t

tympanogram auirsdr B, G fi ear canal dtrfiudr B, c ii ear canat pressure -400 dapa

nrfirnr:flnuTlnali proue tone frequency 220 ras 6Go Hz arnnr:finurdlir*uirrir x ulf,uu

ornnraulrJnrtnrurntfia probe tone frequency rfiruotn zzo tfru 660 Hz turn"#rir n hirildsuuilB!

adr.rl:finrtnT:u.l6auurJnr probe tone frequency hifirhigrriroflo.r x, R tympanogram nlf,auur]ar

6a;rJiro xtympanogram rfluAshape uarpJir.r n t'yrp"nogram riluuuuuuunu flat) ffrgr}d rs

gUid rs udFN:rl:1,rta,J X, R q/rnpanogram rfiali prooe tone frequency 220,660 Hz (a,ln 62)

uono.ndrmd.n^ruirfi sharp W shape ta{ B, G, X, R tympanogram lunqrd'rad'nitfirn:

r-o d- . ^tr ^ J ; a o .jtssuunnuffiil tympanic membrane ilnn f,{rnntuoln artifact fla.:tnsa{sa n{fl1fr 16
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:rld ro u6ln{ sharp W-shaped tympanogram iirfiordulunufi'finr:1d'AuUn6d.rrfin{uoT n artifacr ?a.:

rnia.:fia (a1n 02)

Hunter ua; Margolis (54) uan':n:'lY'lnr:tfin tympanogram pJuuuono"l Ft1il Vanhuyse

mooer lu4{lnqiUna tnati prob€ tone frequency 200-2000 Hz fin'r:ulf,auuila{ pressure lu ear

canal uuu descending direcrion dn:1nr:rilfisuutJat pressure 15 daPa /second ft:.riid f Z

Exlstencs Regions for Vanhtryse Types
ln Normal Adults

reroF'fi|

aEro B
iascI
sgo I
oa,".I

s.sEgESE
Frequency (Hzf

uamn:rr'{rntfingrJirrta{ tympanograr ,fjuti probe tone frequency 2oo-2ooo Hz

descending dlrectlon rats 15 daPa/semnd (a1n 54)

b
E;
=C'o
ll-

\!oo.ct ftt
EIU
5(!

p,
(tl
ul
@.u)
!
z 8860

?!d-lz
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a'rnnt'rrfiuldiT rfia probe tone frequency Stdu gr.lir,: tympanogmm o"fiuioudu uan

ornfilrmf.rna'l?11 notched tympanogram firlnfiu"u nr:rfin notdl a:nnar ua;rflu norch uaug

nr:fi notch aqjn.lui.uituactilu not.h nirrnrouamdrnnlfiarlnfilu middte ear li

Van camp unsnilc (3, 63) n#rer dr n ilrilduuuilnronru probe rone frequency una:

.ittlfisunril ear canal pressure fia R finraora.trfiarfiH ear canal pressure mnnr#nr n rrjf,su-

utlaonrt pressure fifiarahi TPP ?a{ B, c tympanogram aglufirufirjron{fi'u aaril:finril witson

ua;n$c (63) lnfinurrGsurfiau amptitude fla,r y, B, G tympanogram fiAruruorn peak y, B, G

i{oqjlud,T ur.ti.rn,triu gree oiT.rri'u1 nudl riia$ probe tone frequency z2o tn loin.r amptitude ra.,1

Y, B, c tympanogram rhriufidrriaan?'rfiSatyirriu o.og mmhos ua"rfi'ali probe rone frequency

.-9.a

660 Hz nnr amplitude nrduuasn'lrn3arnrilu 0.29 mmhos rrnaflrr Tpp ?an y, B, G tyrnpa-

_d.e_q-.g_..___i^_'_----q--- j" u - t, a , . e
nogram nlnntun'lu?1u{n'h:nulutfugnnlnlfllFtdaufl:ailnUUUSatananl amplitude UAgljln

Bess uas Humes (35) firnunbinr Tpp ?o{{a;lnqidnaoqiludr{ {40 uru -1oo dapa

Ostergard uac caner (os) riT nr:dnunm1xlfrilfi'udra.r rpp riunrT ufinrjnfirar middte ear

Yrufl ts '[u rs 4t1'fi TPP lrnnm +49 rnmH2o fia'rnr:ra,rT:n1u:suunr.:r6uu,ralodruuu

alnrtYll{{uacniafinmilfinrJnfuat tyrnpanic membrane nT6.:uumTbili +s0 mmHeO r{lunr

rlnhml tpp uanqrndtms-.ntul1 tympanogftlm i{firir comptiance (amptitude ?ran tympanogram)

;osarua"fi Tpp i{ positive pressure a'{drrJr:nuan6.rnr:fi eftusion ki6.r ozz

ostergard tlac carter (os) ndrlm positive pressure tumioote ear cavity r{ulrilu:"g"u:nra.r

otitis media uuurdsuytau nr:orunia nr:a&lrirru n

Margolis uar Heller (66) natm Inailnfiuirfinr:rfior nsgartue pressure tu middte ear

cauity ld'rfia{o1n mucosa lu mtoote ear cavity qnflln"rdi udtirfi negarive pressure il1n9 u6rn\:

nr:fi ciliary action ?ar eustachlan tube fi
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flnuacnr:lilufifndqorin &rrnilrn: tfin posirive pressure lu middte ear uounulu:sssu:nra{ outis

meoia tiiardsunn'uriia.:3lnfinr:urun:;orsfirto'rnrdariiaiifinrdari'rhftu middte ear caviry

wiley ua!n$3 (68) narr.. finr:finutfisrriunr:fo acoustic immittance il,lnil,ls ud

llatn:nriTiaryamlirtrluldrfja,:ornrndarfiafiti'1un.r:finu.rnrrriu finr: catibrarion rniarfiaun;

i6nr*4tz'lunr:nnaounrtfu ri'.rutuluuna"nfifin6.rar:firirunaliti'lunr:ifiofs rrr6.:ldrirn.r:

Flnurmrlnfita.t acoustic immittiance lun{rud"laririifinr:ldiur.tn6rilurra 50 Fru nfi.: zz nu a.rs

20-30 il f.nut ess 4 Xi probe tone frequency 220 uar 660 Hz finr:nJdauurJar pressure qrn

-250 daPa fio +250 daPa a"n:1m:tilf,fluutlas pressure 50 daPa/second fiot:cur tyrnpanogram

tugrJroo B, G uac Y ararn:dnurfiri'rd

1. g,lto rdali prooe tone frequency 220 Hz ln'e, G, Y tympanogram rilu singte peak

i o'tilatt probe tone frequency 660 Hz ta 1B1G 192 r4 [/5.8./,) 3B1G 44 n (7.4./.) 3B3G 14 1"4

(5.5olo) uffi 5B3G 3lx (1.2%)

z. amplitude foornnr B, G mia y fi peak at oirad'r B, G mia y fi pressure -2s0

daPa/second

.A-q-l i : ilila[T probe tone frequency 220 Hz r'tu?'l n1rqdauasdturiiu,Jtuuil'lnt5tufla{ ampli-

tude ta{ Y tympanogram fi e dr6a 0.74+o.2g mmhos rdatd prooe tons frequen cy z2o mc 660 Hz

uirbi slngte-peaked tympanogram uac 0.9410.55 mmhos riiali prooe tone frequency 220 uag

. 'tt o s : ' J : -i660 Hz un?tn single-peaked uarnotched tympanogram nrrudrau drunrrofruuffidruriirl.lruu

rl,tn:51uxa{ amplitude na{ B ud; G tympanograrn 6a 0.69+0.26 uff 0.28+0.14 mmhos n'grfi.rfiu

rfi'ald prooe tone frequency 660 Hz numnrrodsuardrutfiflnruuil'rrr:S'lufla{ amptirude

Y, B, G tympanogram 6a 3.06+1.72, 2.og+'t.Os, 2.24+1.36 mmhos nrlfirri'u

uunornd,rlnsnoodnurnr amptirude lorslid.r B, G, y fi peat< aun. g, G, y fi-600 dapa

nu'jrlridr amplitude rrndur{rd 2zo .Las 660 Hz rfi'arGaurfisuriunrmrnr amptirude Inaliri.r e,

G, Y d peak aun'l B, G, y fi -zSO O"pu

3. TPP irn:radrarmr slngte-peaksd tyrnpanogram lrurrritodsfla{ Tpp=11.8 dapa

nr#fi TPP d positive pr€ssure uuurda.ro'rnli pressurs direc,tion !fin ascendlng dtrec"ilon

1A.l
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irlii rg uanrnrunu.rza{ TPP rda'liprone rone frequency 220, 660 Hz (o1n 6g)

witey un3nilc (o) nu?rd'rilnfirar amptirude uac Tpp 3a{ rympanogram fildornnr:finur

n{.rdn"rtorndrrJnfitunqr16nu:nrfin t6nnr:n uacr6nTq rtr6ouucfir'lrm:finrrlnfiluuna"nq.rarq

Himmelfarb uasnruc (69) fintnrirrlnhto't amplitude ua; TPP fln tympanogrur za.:na*,

v- I -dc t'.-- , - t 'o . varshasr{frnnttnEuilnfr tympanic membrane ilnduachilil::adl:n[ o-ruru 90 nu a1q 18{o fl

lorarof,u 23 fl) TnsMtnda.l Grason Stadler otoadmittance meter model 1720 ld proOe tone

frequency 220 .Lar 660 Hz frrnfunr:nldsuutla{ pressure tu ear canat riuti ascending direction

lunr:uanr B tympanogram uas desc€nding direction tunl:uam G tympanogram finT:nlfisuuila.l

pressure dr.r +eoo mmH2o tumrnrnT amplitude rfufirir mmhos d peax uud.nri. mmrros fi

pressure -200 mmH2O uac TPP 6a pressure iirfin peat< aram:fintnfiri',rd

t. nT,odsnarcirurfimruuilrnrllura{ amptitude v fizzo Hz, v i{ 660 Hz, e ii ooo Hz un:

e fi ooo Hz fia 0.6+0.3, 2.15+1.02, 129+0.66 ]lffi 1.65+0.88 mmhos

b'a.A-2. TPP aflluul\: -57 mmH2o n'c +39.9 mmH2o nl B, G ttffi y tympanogam unr?.luusu1

h.i'f i tso mmH2o ,Auri.rrna
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Feldman uns Syracuse O0) na1'l't1 tympanic membrane, ossicles, a1n'lFflu middle ear

cavity, mastoid space unc cochlear tluio riluTn:.raiT,rfifiarananr:dryrfirnurfis.:rird4duluttrdu ri.

In:.raitnaa.dfittJnAfiuabin'ruarur:nlunr:d.rnann-iorurfls,:uJfisuuiln,ilil rfiannaau tyrrrpa-

.A
nometry snunr:tilfiguuila.:ta.: $atic acoustic impedance ria amplitude to\t tympanogftm ru6.t

loifirnr:frnurnrilnfitao amptitude ornnniloiT aur.r z nqr' 6a naruu:nu1unqruiifinr:ldEurlnAnia

finr:lifiufiarlnFtiiarh;arnrldard.rfi tympanic membrane rlnfiiTuru 100 { n{rd z nlun{r'ii

e---!-'a-.r4--'-,-{^frnr:lnEuilnfiun tympanlc membrane fiqtlnn qsflo1:6u1n2rrzuailn6ornnr:dnrl:ifi n1:n:?an

.J o'
unc tyrnpanogrm lnatt prob€ tone frequency 660 Hz rilu W shape nirsriu W shaped *0"-
nogram m.rqir.irai{l heal perforation ra{ rympanic membrane

aranr:flnurlun{ui{finr:ldEurlnAniofinr:ldtsufinrlnBtfisil:ca.nrX,duu d.rfi tympanic

membrane rlnfi nu'iT m amplirude ?ro{ y fi zzo Hz, v ii 660 Hz, e ii eeo Hz uas o fi ooo Hz

6o o.gs fi': o.es 1.gg flo 4.5 0.9 flo 2.45 uns t fio a.z mmhos milfirfiu luaauilu 80olo ranse)

4 .l 'Jo t'o 'aatanr:Fnui[un4ufrfrnt:1sEuilnfiunfi tympanic membrane finrln6 nu?l n1 ampntude ra{

vfizzoHz, y fiooo nr, ad oooHz uase fiooo Hz 6a o.gs d.r z.o 4.55 fir 11.1 o.o 6.r

4.45 rn! +.2S fu 10.1 mmhos nrruitd'u 1uaorflflu 80% range)

eegV
dlfirugur1\lta{ tympanogam uu nu w shape nr 2 nailn?au1.r uq w shap€ tonnau

ft z unnnrri'rnnaruu:naarofnlou

nraflrT dnlfltad tympanic membrane riluilod'Hdfrr6'ryoranranordau tympanometry ,i.

finmtfinrlnfita\: tympanic membrane urnru;rJirrtan tympanogram fiqilnfiar;r{t'nrourirli nign

frequency probe tone un;nr:fior:rurnr amptitude tfurnm"alfio"linrnturfiniln6ro.r middte

ear rafl't::'lsdtri fi amlfi nrlnfi ras tympanic membrane rnluuu

Wilson uasnfw (64) frnur srrape, amplitude unc TPP to{ tyrnpanogram a'lnnQil

u,"radT.rdfinT:ldAuunA{'ru1u 24 Au aT qrodu 25.6 il Tasliradol Grason stadter oroadrnitrance

modef 1723 tiproUe tone frequency 226 uas 678 nz fin'r:nl6riuurla{ pressure tu ear cand tf,n

ascending direction d prrrrr. -400 fll 300 daPa dnmrntrjdsuurla.o prossure 25 daPa/secondCopyright by Mahidol University
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lurnnnrnr amplitude riufirir mmhos fi pear fla\t rympanogram auirsm mmhos fi pressure -390

daPa

.- ' '4 -. d q-1 au 3
t{am:f,nu1rlratU probe tone frequency 226 Hz nntil

1. shape lrur, trlu singte-peaked tympanogram

2. amplitude finrrofiaua"drurfis.rruuilrn:g1u?a\: amptirude y 60 0.64+0.17 mmhos rfia

tympanogram fi ZO ua" 678 l1z tfiu single peak uar 1.41*0.69 mmhos rfia tr4npanogram fr ZzA

Hz rilu single peak ua" d ezs Hz rilu norcn

Harn:finutiiali proOe tone frequency 678 ffz fid',rd

1. shape rrurt r{lu:rj iBlG 19 nu gBlG 7 nu 3BgG 1 nu ua;sBgG 3 nu

2. amplitude finT rqdtlua"#utfiu'rruuun:S1uta{ amptitude Y, B, G firfiu singte-peakect

tympanogram 6a t.ge+0.03, 1.go+0.39 unc 1.g6+0.50 mmhos srrifi'ldu druntof,riua"drurfia,r

lllulnn:l5ruta.J amplitude Y, B, e dnlu notched trTmpanogram 6o 3.75+1.36, O.g2+1.24 tlat

3.22+ 1 .29 mmhos rnlfirriu

3. TPP rmflnurfiturrj.rta.r tpp Tnsnliiaurfisunrunrjo Tpp ?an B unr c tympanogram

riruounumsfiT urnrjr TPP unnorl\triuuasrfiarmaanAlu?ua'l B, G n:rorlunuo pr".rure rdsrriu

pressurc fitfia peat< v udrrir}lnf:surfisuriunr B, G # peat( B, G lnunxyflrrfiriruorndr.rriu

riaaurn tufi'ruaordsrriurfiarmAru?un'l Y x'rn peak Y uJiisurfiauriunr y n:.:6runu{ pressure

rdarriu pressure fitfin peak B, e finu'j'rfinmuunnntn-uriaslrn

Creten uacnos C/1) f,nwt tympanogram ra.:nql6'rad,l0 3 nqil nnlu:nrilunaudfin.t

lsi'aulnfi rflufiH z+ nu n{r 20 nu a1u 2o-2e fl nrjri{ z rilunejr{rirolunf,iin 4 na oryn iifi

nT:ldEutJnfi a'rs 1-80 fl iruru 7zs rJ nrjuil' s rilun{litfinr:ldaufinrLnfiziiarJ:sarn4rdardtri

I -o n e
lntfrnornn:Trfrnilnfitao cochlear fluld a1s 1-90 fl 6nu'lu aae 4 lt probe tone frequency z2o LLr-

660 Hz fn:T nT:nJf,suuilN pressure 20 daPa/seconct nanr:Flnvrfifi,rdCopyright by Mahidol University
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1. nqlu:nrflun{rdfintld'aur-lnh arq zo-zs fl vtul riiald proue rone rrequeney no

nz ftrJirlrflu single-peaked tympanogram unrfiali ooo nz fi:1ljr.rulu notched tympanognam tfioro,

181G 56.8% 3B1G 28.1% 3B3G 6% ttdc 5B3G 9.1olo d?umtof,suacerurfiinruuxlenslu

' j 'v
ta'ttsgnvn?1.1 extrema frosmuuanqn (outermost extrema) ?o{ Y, B, G tympanogram fifi s

extrema ua3 B tympanogram fifi s extrema 6a gz+tg, 31+17, 28+18 uas 66+2s oapa ontArdu

fla{ B,G tympanogEm

3. nailfr 3
o ' )a r -o

panogram tfi ilaunailniln1:[nguunol

2. n,jrd z rflun{riifim:ldfiurLnh a1q 1-80 fl d,:u1unq'rufififln".uuoa.:aranaflir.r

il a nr:d n u'niruir;rlir.rm.r B, G tympan o g rarn U u or n nr,r ri'u u ria r EI n,t.t riuq-

a 'Ja r-o o , /
nlunqilfi iln'lrtnEuat-nilnnfiloil:cmn{rAa il y{u119il:1,!?o{ B,G tym-

Margolis uat coycoolea (72) finur trTmpanogram dloi'ornnr:1d' probe rone frequency

'"_l__.q_...A... -^4 a t-o ,or'a. yo
226-2ooo Hz nailn?as1ttilur4rlit 14 nu tltr 14 nu a1s 19-48 fl ilnr:lnEurlnfi lililrJ:ctd

I'intao middle .", 
"toqlrivn:nrufiorilnfilinT:rrlf,suuilar 

pressure lu ear canat rfin dsscending

dlreaion dn:TnT:nJdsuuila{ pressure 250 daPa/second rlanl:Anmtrum ru'arfiu probe tone

frequency grJ:T.ltao tyrnpanogram octilfiuuuila{qril Vanhuyse model mroduuncdrurfiEJ,truu

rrtn:Slutan prob€ tone frequenry ;i*rhigrfir.rrar bj/rnpanogram riiugil 1B1G-gB1c, gBlc-gBgc

3B3G-583G 6a 1O1O+228,1570+330 unc 1701 +26 Hz nTrfirri'u

Van de Heynlng uacnrw (10) nar.'rrnr:ld 220 Hz tympanomerry lum:ifiodanar8

dRlTl?o,t ossicular chaln giin luxalion, necrosls uas disruption riurino"loftUrl{ta\: admlttance (y)

q/rnpanogram tflu singte pear< dfi peak atinnn tun:fidfi ryrnpanic membrane finrjnfiiuriufir,rs,l6

6tR1n?an ossicular cnan rdu otosclerosis nt:iri zzo Hz tynpanometry fio"ld tyrnpanogram fi

peak $riurdarriuiinutunar ossicular dlsrupton rirbiaAod'riAorvrarnbi n'r:li probe tons

frequency 660 Hz aurtniiiodausnhn ossicular disruption riunrrlfiorrlnfim,: trTmpanic membrane

loignoia.rrrnn'j.n.ttd probe tone frequency 220 Hz

van de Heynlng uasnrw (16) firnr:Finur tympanometry Inali prone tone frequen cy zzo

ras 660 Hz ornnql#rarirt z nqu nnru:nnllunqrud'eaeiT Ol'nlu myrtngopexia uacfinarfian,ln?a.:Copyright by Mahidol University
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incudo-stapsdialJoinr iruru t+ nu n{*i elircmpomt bone 8 dufifi mioote ear ilnh rirnr:

nrslu +-so #rlil.rfidorfis'tin irrat remporat bone ufirbirfin ossicutar

disruption ri,arafitdorn e n{rn'radr.rhln]isurfisun-uarararna#in,:bi'AurJnfi6ruru 80 nu a.rq

't8-22fl arnnr:finurfis-od

. i q,1 & - ' ia1. tratt prob€ tons frequency 22o Hz nu't1 tympanogram ta.:nr Z nqruotroartfrfr

arufinilndtal middle ear tilu single-peaked tympanograr #rnr,rua:fim peax amptitude mu
;-

tfi srriunr peak amplitude fla.rnqilnilnfi lrn

2. riiali proue lone frequency 600 Hz ilu?1 n{rri'rarhrrtr z n{ruiin'nmrfioiln6za.r

middle ear tfia w shape tympanogram unnartaln W shape tympanogram to.rnqrufifinr:ldEurlnfi

!116niltlan'l:6'nu'nr nrtli probe tone frsquency 660 Hz tunrrnoraau tympanomelry

osd'ratunr:iflods disruption necrosis uac tuxation ro,l ossicuta cnain 1i6n.r.t z2o Hz udori,r.rl:

firnilocltu false positive a'rnrniyrnatau tympanometry rJln 6.rnr:1d tympanometry irruriu prr

tone audiometry uar otoscopic examination

chesnutr uasnrw F3) ,n1n'l:il'loln{s.utun;tj.u z uu iifinrloiEuaorrJnfizfinn.r:u.r

rfra.:rdail riaufiT airoinrtlnndau tympanometry lu{tirunft z nu Inali probe tone frequenry 220

,rac 660 Hz d,:ldaranr:noaaud'od

r. {tiruauu:na1q z fl dtfinr:luiEufiu,unadonrnnrfls{rd"u#. z n rfianndau h/m-

panometry tizzo t+ ldtympanogram typs A udti ooo Hz nu?'r trjrmpanogam ra.:rtr e 4rflu w

shape tympanogram dfifrnurucrdsrfiui4rrulu{rha ossicutar disruption, heat perforarion rar tym-

i^
panic membrane tfiafiqr:mr amplitude (tonr: typ€ A tympanogftm) nu,t1 amplitude ra{ suscep-

tiance uas conductance tympanognm lu4ira6.rn'Jrdrr.tndudlu4rmaqjludrrln6rto 2 probe tone

fiequency rfiafirnr:airn'n4irurrutfin'lrlfirnln6tat ossicutar chain ruu stapss fixaton ua;

incudo stapedial Jolnt dsruptlon
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z. {riranuiiaa{a'rq 34 fl 4rmfinr:lifiuuna dru4irafin,'ildfiufinrlnfitfinm:utila.:

rdau:oiurlT un6n{ tfianoraau tympanometry nu't'l tympanognm ta.:4iTurflu tvp" n rijati

probe tone frequency 220 aaz660 Hz uastfiafia1:fu'l amplitude ta! type A tympanogram lrum fi

amptirude drnirdTr.tnfi rdarirnr:r,nfia4{ralrurlfiu epitympanic rec€ss fixation ua; incudo

stapsdial Joint disruplion

ovrfium 660 Hz tympanogram hiriarynlunr:ifiosi'a ossicutar disruption m.r{r.irunuu:nld

t'orrou fiT nirLqiri.unud z fiulu ossicutar disruption ud oeo Hz tympanogram hnilu:rluuutar

osslcular dsrupflon rda.:mn{r.irafi epitympanic recsss fixation irsd.trfiu laleralmosl oisoroer fiT bi

fl orftrnrsrfi an1fl to{ ossicular chain

Shone ua; Moftat (tz) riT nr:finsrn'r compliance ii{rTrurnio.r electro acoustic impedance

Isa'li probe tone frequen cy z2o Hz tGsurfiauriuri'r admlttance f{itTu,n,nduo oroaomtttance Ins$

probe tone frequency 22Q,66o Hz lun{r'Eiira otosclerosis 20 nu a14 14-71 fl arqrof,u 48.3 il

riiutrs o nu nr!.r ta nu r':rorXuirlrinunmufirnlnfita.: tympanic membrane linrnilfisuuiln.l

pressure tiior ascending uas descending direction'[urir.r tzoo rnmH2O dn:rnr:nJdsu pressure 15

rnmH2o/secono rffisutfi uuzuadtn'riudrilnhtal Feldman (74)

a a- J
ilan1lflnMilnnu

1. lunr:fintnnr mmptiance rfio'ld probe tone frequency 220 Hz nuirfii'l compliance

.,'
mn?luna 18 {

2. lunr:6nu'rnr admittance rfiali probe tone frequency 220 t1z nuirfidr adrnittance

d'rn'itlnfi re 4

3. lum:frnvrar admittance tfiatd probe tone frequency 660 Hz rruirfidr adrnittance

iirndTrJnfi es t uas6.tndrrJnfi z 4
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ttldilatanl:finurm nr:iniT admittance Insli probe tone frequency 660 nt o"trit'aXa

'lun'r:ifiqo"u otosclerosis 1d''qnd'atni'rnr:innr comptiance rffi admittiance Isuli probe rone fre-

quency 22o Hz &rrnirnr:fl'nuriivrumfi z a til,i'ri. admittance d ooo Hz qrnerilnfiororfiu

tn:rcfi tympanic membrane radaulnrrrnrnrUna donT:in admittance finrul':ttnnanrufin

ilnou

Roberto ua; Zto C/5) firnr:finur tympanometry Inali prooe tone frequen cy 220 uaz

660 Hz o'rn 14 temporal uone fiarqrrucrf,stin 20-45 fl lrifiu:iaT:nn firnr:Flnurlu ts-Zc ilt-

Iilfff.rriisflis lim:rilf,auutla,t pressure tiior descending direction lunr:uant susceprance

tympanogEm uac ascending direc'tion lunr:uaa.r conductancs qmpanogram finT:njf,Eluuilno

pressure ludr.: tzoo mmH2o o'n:rnr:rrJdauuilar pressure 20 mmH2o/second 6'u'lu amptitude

3a{ susceptance Bat conduc{ance Vmpanogram iinlu typ" n Ins$dr B, G fi peak audrsnl B, e

fi rail value 'lun,:f,nuroct1rl;tfionarBan'ryrlu middte ear Issnr:fia tigament ra\r infls uffi

malleus dn rensor tympanl d'or uapedius tendon firhirnq ossicutar disruption uac ossicular

fixation ruanr:frnurrrufl

1. temporal bone dl'nr:gin ligament 1a{ malleus, incus n-q tensor tympani uac n-q

stiapedius tendon ttu type A hynpanogram riial"i prooe tone frequen ey zzo Hz uac 660 Hz ua;fi

amptitude oqjludrrLna

2. temporal Oone dfi ossicular disruptlon rdali prooe tone frequen cy 2Zo Hz llu type A

.abq/mpanogram {,t amplituds 10{ type A tympanogram aglunrilnauorag::oruuu (upper limit) ?a.t

nrrJnfi udti'rirbi eustachlan tube tilsocldnr amptnuoe mnnrrnrrlnfirfja.rmnrfia tuoe rila

tJ3mn: midctle ear cavily fiurnfurir'trift stiffness ana{ ua"rdali probe tone frequency 660 Hz

ilU W shape tr/mpanogam

3. tempoml Oone iifi ossirular fixation nu type A tympanograr rdali probe tone fre-

qusncy 22o ua3660 Hz amplilude ?a{ tympanogr"r riaaa.rrdati proOe tone frequency 660 Hz

un nr ro6 afouoa qjtu n.tt nfi nta 6'rndrn'.rrln 6rfinria El
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+. fli'r.tua; amplitude aan 220 un; 660 Hz tympanogram rfiaFlnurlu temporat oone hj

unnnto,lnnurlnfi d'rarn:nriraradtdornnr:dnurn{odlrftr'lun.:ifioo-sl:nra.rndunar$uaf,finld

rmaflm 600 Hz tympanogram o"biiaryardr6mrn z2o Hz tympanogram funr:lirf.r

220 uat 660 Hz lunT:ifiod'rfl:nra{ middte ear

Beattie ua; Leamy 6ra1 fiT n'ufrntnnrilnfitar amplitude uas TPP ?a{ tympanognm Isu

ldn{urfi'rarir.r z nqu nqilu:na1q 17-2sfl otpof,a zo il rilums z nu nrlr 13 nu n{rd e'Ittia

o1q o0-7s fl arqrof,a os fl rilunf{ 20 nu nqrud':aair.rft z nqrfi:"dunT:ldAurJnA bjn*ia
f f o'Ttu{ ttlnnaauTnal4niar otoadrneter 6a Grason Stadler (moctel 1720) noraaunnln'rosNnail

u:nlnald probe tone frequency 220 uas 660 Hz ti ascenOing uac desc€nding direcrion dlfirn:

nldauurJa.r pressure tudr.: tsoo mmH2o rate 30 mmH2o/second d.un{r'id e nanaulntrf i
prob€ tone frequency 660 Hz li pressure direction ttas rate *rfiaunqlu:n arnnr:fintnfiri'rd

1. amplitude

- nejrud t finrrodsunsdrutfiaituuilln:Slutal amptitude to{ Y tympanogram rfiali
'j'j

probe tone frequency 220 ln rnrn"u o.gg+0.04 mmH2o unmlrofidua;a1urfia{ruuMn:$1u?a{

ampfirude to{ Y, B, c tympanogrm rdali probe tone frequency 660 Hz fio s.4g+2.09, 1.46+1.9

2.69+ 1.9 mmH2O nrlfirn'u
,A

- nqffi z iislrof,suasarurfiatruuil'ln:I'tufla.r amplilude tao Y, B, G tympanogram

i o'rfia'lz probe tone frequency 660 Hzda 5.25t3.25, 2.41+1.4, 5.04+3.39 mmH2O nudrnu

2. TPP riiald proue tone frequency 660 Hz

- nrlri t fidtqfit ua"drurfitruuuu'rn:s1ura.rfirunrj.r Tpp ra.l B, G tympanognm

rdold ascenoing direction 6a -g.g+e+.z uas -9.8+2g.g mmH2o srtrfiT n'u un"rdali descending

dlrection 6a -tOg+Ze.t uas -12.0+29.2 mmH2O nrilirrri'u
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- ndld e fidrrodsun;d1urfis.lruuil1err$rura,r6T umrjr Tpp ?a{ B, G tympanogram

rfiali ascenolng direction 6a -tz.z+26.7 uas 9.7+30.4 mmH2o n'wfirri'u un"riia'li desc€nding

direction 6a -ze.z+29.8 ua; 1l.g+9s.2 mmH2O nrxArri'u

Beery un;nru: gnl rirnr:Finur tympanometry rfiam'unru*1unr:ifiofifl middle ear

ettusion loruti prcoe tone frequen cy 220 uas 660 Hz lurfinfifiI:nta$ middle ,ur un"fiiar.i,r{i40"

ia.rfir myringotomy rflurra 4i! nu nrls ez nu drrarq 2-15 fl arqrofia 6-7 fl finr:nlf,suuilnr

pressure tud'm -aoo fio *eoo mmH2o TorH$ ascending direction *rniuuam B tympanogram ua;

tz ascending direction a'rnir.ruam G tympanogram zuanr:finurnum

1. pJir.rmr tympanogram #uh,rqirf,u singte peak 6.roia,:fio'r:rur arnptitude irrn-up

jT#ulu stngte peak d d.rnr:fiqr:rurTnsld 060 Hz B tympanogram arrur:nifioda eftusion loiqn

duo ggoz. uanornd;ili'um.t 060 Hz B tympanogram fidiuuuu:'ru (flaq mx1:neiiofs effusion

lOOfl9lO{ 80o/o

2. TPP lifirri'udriunr:fi effusion

Margolls ua3 Popelka 1oz; loinoraau h/mpanometry Toruli prone tone frequen cy 220 adg

6G0 Hz n{rufradr.:uti.rrilu s n{r,d'rif

nrjud r fi s nu :criunr:ldfiuilnfi n:ro4lurrunrT rufinr]nfi uns tympanogrur d 660 Hz

tflu slngte peak rJnfi

n{lid e fi g au :ri'unr:loiBurln6uag B tympanograr ii eoo Hz rflu norch

nr!# s fi z nu :;ri'un'r:loifiurJnd n:ror-rllnunmlfinrlnfi nu norched B, G tyrnpa-

)
nognm fr 660 Hz

n{uti a fi t nu :rn"unr:loifiurln6 nmo{flu arropic scar fi tympanic membqne

naj# s fi t nu fi:cdurnfldfiufiolrlnfirfja.rmnrf,u congenital ossicutar disruption

arnnr:dnurfioftd
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1. shap€ nnn{lri'raJr.ofiflitm.r reactance (x) tympanogram rilu beil shape ua:

resistance (R) tympanogram rilu nar riiali probs tone froquency 220 LLa3 660 Hz hilruer x

tympanogram tilu notch uridr e-e tympanogram osrfiu notch ft'rniudr x finr:uJfiauuilarornm

ail (compliant reactance) tflunrurn (mass reactance) ffiamfio'r:rur notch ga.: B tympanogram

drfinqrnnr:li probs tone frequency 660 Hz nuiry,ddri4qoma{ notch lunqruii z ua"nqli{ g dr

nlunqritinr:ldEuilnAuas middte ear rlnfiriuaqjq.rndr:"ri'u rait vatue uan.rfurfialflsinrrrfi eoo

nz lnns.nu middte ear o"fiu:rrirutar:ruufirfinorn stiffness rf,udrulnrp' uoilun{u*i + ua"n{rd s

t^rumltiidriiqnta{ not"n agArnir:roiu tatt vatue uan.rfi.:u:.roirura{:cuurfiavrn mass uiudru
q'Ji''ltryfunroornnqlfi 2 uacnailfi 3 rrr6.ralJmnrjuti + ua"n{rlii s nlun{l#finmfian1fl'lu

notcrled q/mpanogram

dr x riludTur#rr,ut

middle ear

2. amplltude fitr:rurornn:rr{udrwn'r X uns R r,ul.riiod probs tone frequency 220 Hz

m x o:il'rnnrTd'r n fi,r.lfi1d singte-peaked tympanogram lu4nn{rud'radr,r n{rfifirrarGanrn'lu4

ocfidr x mc R A1n'l1n{rrJnh riiatil prooe tone frequency 660 Hz r'{ul'r n{nii r fidr x rar R

nigriuvn}frdsinste-peaked tympanosram lunrj# e ua"n{rd s fiFi'r x riasndrFir n rirlnld'

ornnrrfim:ru.n'r x tund#d r fundrtii g drrfundiliirLnarfuo"rfiuldir

riufiardarfis{nmrufi G60 Hz lmaairu:ruuocfi suffness rflusirnrunru:r

i.unrutar:ruu unrdafior:rurdr x lund#{ + ua"na*rd s dr x osrflunrurn riu6o mass rilu

dr nr u nru:,r drunru"aauarufi r fi rilffi nrr u, uuo H, tnu l.iru

q - o Jo ^ I o-'ttradm 'tum:uan notched tympanogram to.t{ilnfiunct1fifinsrfianrnuluaTo'ltnr x fi
aOtfioornm:'lt probe tone frequency 660 Hz Tnaq, tilu $iffness nia mass reactancs ualfiot:o'r

1oi4diri,*qom{ notch ra.! B tympanogram firiindr.o.ui'riroiu

Dscraemer uasnrw (oo) rirnr:Flngrdr, unrjo TPP flo.r tympanogram Toruld proue tone

frequency 220 ua:660 Hz finr:nlduuurJnt pressure lu ear cana fiuuu ascending uac desc€nding

directton nrjuri'raJr,ruri.rrf,u z nq'l

.'i <.-_..<o r'-._. ,-4.- anAiln 1 luununiln1:tnEluilnn ll43 tympanic membrane ilnn iLtilo-r:ruloflrcnufry{U

sngr"-p".k; BG tympanosramCopyright by Mahidol University
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'i e )oa
nailfi 2 tilu 6 temporal bone fiftfi tympanic membrane laanaaaunralu ao-so fi$&r

ilf.rr?lsfiin ,ro*"nruuuoaliubi pressure tu middte ear cavity ogfi amoienr pressure naaor ns,rd

d & a ,A , o i-tfialqrntrunndau tympanometry tiuorofinr:rrlfiauurlar pressure lu midote ear cavity frrflno-rn

m:mf,aufita{ tympanic membrane uailJimnira{a1n'lrilu middte ear

zuam:Flnuriid'.rd

1. n{rui4 r nudr rdalil probe tone frequency rnofuoctfin rpP fidrrunrjroitrri'udrs do

nnnamm TPP UGtflu pressuro lu midOle ear o3.t9 tnflr TPP tddsuuilasnril probe tone

flquency

2. n{ruid e rrudr

- TPP ta.: B, c, Y, x fid,liln:triu o oapa drrilu pressure'[u mtoote ear cavity fi

rliulilurnrcnnaau

- mrnadauffld ascencling direction osnu?tfin TPP fi posltive pressure *lun ,
bv

nnnaufflu descending direction o:rtumrfin TPP fi negative pressure

nrloifiT nr:irn:r#da}L'jr probe tone frequen cy 220 r5a ooo Hz rfiil'rcdili{o"1r'lunr:nr

TPp Isunrrfior:rurfirunrj{?a{ TPP rfiali prooe tone frequen cy 220 uffi 660 Hz '[u temporat bone

durfisrriu fiafiA wilcoxon signed Rank test lunT:irn:.nd'nui'rti.r 2 probe tone frequency

ar ilr:nil:ctfi u middte ea r p ressu re hi un n nr.r riu a dr.r fi ria fr r drpnl{ dfi A
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rHsdiinn m nnnnfiau twnmnfirgtrv

Procsdrtal vadaHes

l. firrnorrrnildrruurlal pcxiflrre lu ear canat (presfl.rre drecfion )

tympanometry rilunrrin acoustic immittance d.rrfiuqruaruri6m.rflRndta.r tympanic mem-

brane uas rniddle ear lutru"fifinr:tildsuutlar pressure luda.nlfuuand,rfinr:ulf,auuilao pressure

2 tiinfia ascending direc{ion d.rfinr:trlf,suutla{q'rn negative pressure rflu positive pressure un3

descending direction d.lfin'r:n.tdsuutlalotn positive pressure tilu negative pressure

Van carnp uasnsus (s) nd.'t.. pressure direction fiarada paranpter rto g dnra{ rympa-

nogram 6a ascending direction fiambigrlirtto\r tympanogram du{aunrr descending direction fi

amplitude dtntr descending direction lun:fidtd'single-peaked tympanogram ua"rntrirfih Tpp

fi positive pressure lutsu"ii descending direction firbirnor Tpp ii negative pressure n,r#

pressure direction rirbirnn rpp lufi'rurnrj.rrirrfi'ufrfjarornqruaruu-fi viscoetasric roit tympantc

membrane unc middle ear

Margolis uas Shanks (37) naT ri'tnr:ti ascending direction o#rhirfin mu[ip€aked

\npanogram lrnnjrli descending direction rfiaoornfinr:uldsuuila{d1 reactance }lnl.rnrurn

(mass'reacrance) il1nn't't uuno.nd ascending direction frfirbifi amplitude ra{ tympanogram

il1nn'I1 descending direction udaeirol:finrilv{u?1 pressure direction fiarnna amptitude nan 226 Hz

rympanogram tiuuurn

Alberti ua; Jerger (51) Finprotatao pressure direclion dagrlir.:ra,r tympanograrh Ins'li

probe tone frequency 800 Hz finr:uJfisuuild{ pressure ludro +zoo rnmH2O 6.r -zoo mmH2o mte

zo mmH2o/second num descending dirsction firhiErtirrm{ tympanograr duiaurn,l aspending

direction rfi',r;rLii r s Copyright by Mahidol University
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Air Pressure. mm H rO

grtii rg uaa.rgrJir.rtan $r/mpanogram daliascending uas descending direction (fln 51)

Hall ua; Chandler (t) finur Y tyrnpanognm ta{nail#roir.r 1g2 au ld proge tone

frequency 226 Hz dsr:T rn:uldauuilat pressure 50 daPa/secono unc'linr:rrldsuuila{ pressur€

tiin ascending uac descending direction atanr:6inurnu?'l direction fizuaoia anplnude unv fpe rr-.:d

1. amplirude nr:'[i pressrre direction triior ascending direction fi{fiU amplitrlcte tan

tympanognm aonfl firnrrun:tnrrlu descending direction 62/o 21"/o ltas 16% nufiT 6'u

2. TPP fiT unrjma.r tpp rdolil as""nding ua: descending directlon fid'rdr.rriul*rurru

31.2 daPa ascending direction ri{rirnn TPP id positive pressurs (tJ:smsu +170 daqa) ung

descending direction firbirfia TPP d negatve pressure 1tJ:;rnru -110 ctaPa)

Osguthope ua; Lam f/8) dntnatazar pressure direction lun'rmaaou trTmpairometry

Tnuli proue tone frequen cy 220 uns 660 nz n{rri'eorhriluuur z n-r n:ro4uirhinunm{ar^nrJnfi

atanr:fintnrut descenOing direction firbirnsr single-peaked tympanogram tutocfi aqcendng

direction tfio notcfred tympanogram rmnartltiluruaoln viscoelastic ?an tympanic membrqne unt

rnlddle ear dofinr:nauaua{na z pressurs ctirecfion +{oiT.rri'u
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Shanks uar Wilson O9) finurzuatat pressure direction no shape, amplitude uai-[pp fla.r

tympanogram lun{:r#radr{ 24 au arqrodu 29.s fl finr:ldiurJna hin*ial:nfla{ miqdb ear

nnaauTnatd prob€ tone frequency 220 aar 678 Hz aranT:Fintnfidrf

1. shape rdoli prooe tone frequency 220 nz riTbirfiq singte-poakect tympanogram 23

nurft z direcrion unctfin notched tympanogram r nuriiuti ascending direction riiati prope rone

frequency 678 Hz irLirnorrfr single-peaked uas notched tympanogram Insfi ascending firection

'fiT hirfin nordred h/mpanognm il1nrn1 descending direcrion

2. amplltude pressure direction fizuasra amplitude ?a{ B tympanogram adrrfirfla*r6'r.u

nrtafifirdali probe tone frequency 678 Hz Torsfi ascenoing direction ri,bi amptirude ra{ B h/m-

panogram tiuan'j. descending direction rtrdrfjo.ro'rnnr:1d probe tone frequency 678 Hz unc

ascending direction firh.i'rno notched tympanogram unnmfufirbi amptitude riuun'lT drrl tr'l

narm,m:fii1:il1n1 arnplitude ta{ B tympanogr?m ,iiuli nbn frequency prob€ tone ar{ornrhi

urjnarafinnarnloi

3. TPP pressure direclion fiaraoia TPP ?a{ Y, B, G tympanogram rto z proOe tqno tre-

quency ariT tfiriufrrn'rpnfirlfiA rfiali ascending direction qstfin TPp d posnlve pressure lrnnm

rda'li oescending direclion fiariiati ascending direcrion ntqdata.tfirunu.,: rpp 6a t I fu 28 ctapa

d zzo u, ua; 10 iw zg oapa d azs H. uoiriiuti descending direclion nui,drrqf,atarhrunrjr

Tpp 6o -to ft -z dapafr zzo n rac -g 6r rz dapa fi arc w

uun-ndrmftnum pressuro direction fiaradadT ear canal votume 6nries rdutri or.-

cending direction fr'rbirl:mrun'r ear canal volum" lnryn'hrdali ascenoing direciton o.p1-o.oa

4nurdnrrufittor:tfiamrnfinr:rndaufita{ probo tip ascending direction inr:nJisuurJao pressur€)

srn negatlve pressure firbi proue tip rdaulirlni tympanic msmbrane undufirbid'r ear canal

volume (o1n probe tp 6.r tTmpnlc membrane) fauarlut*# O..."nding direc,tion firn:nJdfluuilnn

pressure orn positive pressure dto"r.i'u probe tip aanoln tympanlc membrane frflririr ear canal

votume u.n{u
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Wlson uaraos (64) fintnilalot pressure direction na shap€, amplitude lta3 TPP ta{

I/mpanogram Tauli prooe tone frequency 22G rffi 078 nz nq:rri'radr.rrftuaufifim:1d'AuUnA 24 au

ararqda z5.o fl uaclirn:rilf,auuda.r pressure lu ear canal a1n -400 fi.r 300 dapa dn:rnr:

rildsuuilN pressure 25 daPa/second ararn:f,nurfidrd

1. shape nr:li pressure direclion uuu ascending direction o"mhftrfit?a{ tympa-

nogram {uiaunir descending direction rdali proue tone frequency 678 Hz uer pressure direction

t ta t q'
l,illlfinnaFl:1{mtU probe tone frequency 220ln

2. amplitude r,,u..n :li ascending direction oanrbifi amplitude to{ tympanogrur tiuu

nr.rft'uti descending direction duoo.nn.:li descending diroction oafia notcfred tympanogram

riuun'i,tl; ascending direction noiti',fi-t*.lon,ts singte-peakect tympanogram o"rrurrnr:'ld

ascendlng directon ocnrl?itfin amplilude flan tympanogram mnmrli oescending direction

3. TPP ril ascending ud; {sscsnding direction riflri TPP m{ B unr G tympanogram

unnnrrfu

rdatd uroncting direction nu.. lqrJ tato TPP za{ B tympanogm u{d positve

^ A o . - - i-
pressure il1nn?1 TPP ta.l G tympanogram n\t 2 probe tone frequenry dlUtu:il 3B1G frtnafln

o'
n.l:'tf prob€ tone frequency 660 Hz nutt TPP ?la{ G tympanogram ogfi positive pressure il1nn?1

TPP ta{ B tympanogram 82o/o lrds TPP loit B, G tympanogram rfinlu6runrj.:rfis'lriu tgZ

ot o- t ofialz descending direction nu'r'r lu:rJ tetO TPP ua{ B tympanogram agfi posltive

pressure il'rnn'I1 TPP !a{ G tympanograr rf.r Z probs tone frequency firfis{ zSz drulugil Sef O

i^ o'
frrilamnnrft{ probe tone frequency 660 Hz num TPP ta{ G tympanogram u1nm1 TPP ?an B

tympanograrn 38clo ud3 TPP nan B, G tympanogram rfinlufilufii.rrdsrriu gt"z.

Margolis ua; Smith (80) ntrl??1 pressure direction ftarnna anplitude rad tympanogram

+oo-J
tnsasn'1114 peak ta\t tr,mpanogftm ulfiauuila{uo'Lirirtri tail value rrlisuurlar amplltude ta{ G

tympanogram firfiaonnnrrld ascenoing direction fid'rmnn'ir descending direction adr.rfiu"a&rd'rp

.---iq,1 - i-
n1ndosftilattr probe tono frequency 220 u;ar 660 Hz uar amplitude ?a{ B tympanogram frrfrorq1nCopyright by Mahidol University
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nr:fi ur."nding direcrion fin'nioanrl dsscending direction adr.rftu"ufirn'rpmroafifirfiald prcoe

tone frequencY 660 Hz

Decraemer rasnruc (60) rirm:finurruara{ pressure direction no rpp Inrflino'rd'radr.t

rflu temporal bone iiri.:fi tympanic membrane tfrnlr, 5 temporat bone ri'rnr:finmtudro +o-so

d'rlu.rrnfr.rrdsfiin ?susnqdouo:tliulri pressure lu midote ear cavity rnrriu ambient pressure (0

daPa) atam:finurttuitdali descending direction o;tfior TPP fi negative pressure udrdal.i

ascending direction o;tfia TPP fi positive pressure ra"'rgrtii zo udarirrl:fimiln1:rdf,auuila.J Tpp

q1il pressure direction iifftrirnu 10 daPa nr:fi tpp nlfisuuilarmil pressure direction d,firo.n

vismelastic ?o.t soft rissue lu middle ear firbirfiorRms hysterssis 6a nT'l#In:oair{ro{ middte ear

hr nau au a.r ora u:0fi m n*rirln sd'ufi

C

:rtii zo udno TPP ta,l Y, B, G, X tyrnpanogrerm riialiproOe tone frequency 22O uas 660 Hz

ascending uns descending direction (fln 60)

Margolis uar Goycoolea (72) 6nuT Arunrj.rta{ TPP ?on Y h/npanogrm Tnali prooe tone

frsquency 226 ttz n{rd'radrsrilu4'1fiq;n^rnnrlruarrnnmsalq 19-4g fl vruru so q v{il?,rCopyright by Mahidol University
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rfial,i ascenong direction octfin TPP fi positive pressure udrdat"i descending direclion ocrfin rpp fi

negative pressure rtrapir nr:li pressure direction dr.rri'uuirrirbirfinArurnrj.rran Tpp drrriud

tiluataotn nonlinear properties ta{ tympanic membrane uon-ndrt.frnumdrrunu,rml Tpp tu
at'

rfl Flnfun tn un nn1il0"r nril flz'la

Kabapshi uasnils (81) finurzuatat pressure direction na shape mc TPP ra.:

tympanogram tunrjury"luqfdfinr:1ifiur.tnficruru ss 4 iim:rildsuuilar pressrre ludr,: +2oo

mmH2O a-n:rnr:til6auutla{ pressure 70 mmH2O/semnd unsli prooe tone frequen cy 226 Hz

aranT :frns-rfira"od

v .. - o o' --- .i r . o '
1. TPP n{ 2 direction n1!?1 TPP tilAsuttlotn atmospheric pressure-luurr *50 mmH2O

Ins ascendlng direction octfin TPP fi positive pressuro uarriTlidescending direction ocrfis tpp fi

negattue pressure #odd"oo.nqildrud6 Msmelastic ta{ h/mpantc membrane dniTlirfianre"

hysteresis flnn'rrfi directlon fiarana6runrj.r?a{ TPP uamfir rpp lrilduan,rn1?ta{ middle ear

pressure oi{sj unaa'lill:nn1ilna{n{tz TPP u6ln{m middle ear pressure fi{n1alunltodstat

Arunrjr TPp firfioornnT:liri.r 2 directton osuan{6{nrtan middte ear pressure ldfinirn'r:1irfia,: r

direc,tion

2. shape n1 2 direction rhbirnn single-peaked tympanogram

Margolis uffiarll3 (42)

prob€ tons frequency 22O-91O Hz

fi nwrruata.o pressure direction gnpanogram Inafi

25-41 fl oruru to

dagtlitm.r

nu atanr:flnurvwjr rdat'i pressure direcson tfln ascending direction onrbftU:r,rra{ ryrnpa-

e-
nogram {udaun2'r descending diredion

Z anarrnuldlluurjm plassulo (rab)

rate fiinGlranafri amplltude ua: shape rn:tfiil rate ?iilri amplitude rfiu{uuav snapeCopyright by Mahidol University
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duioudu lfjal-nar reactance tddsuuilaralnnlau (compliant reactancs) ritunrurn (mass reac-

uncel firhi middte ear iu:ri'rum:drnana-,:,:T uriaun{d{n,#o:.ruiruriasa{ffft1Jn:rualnnuu

uau arotfinornqrualffi viscoelastic tat tympanic membrane uas middle ear drrfiuuuu nonlinear

fl6 rlogiufiuurTiliioJti rate rfir{utun'r'inndau tympanometry durorn fast rate draMlilnm

lunr:nnaaurioua.r 1s;

Shanks ua3anp (8) na1??1 middle ear finr:nauauo,rrad,rid*,rn:rduuuu non-linear

fi.rriu immittance ?ra,r middte ear 6ra'mulfisuurjaoldnrru rate fftd uonorndn.rnauduo{?ro{

raialfiaii'tfiiufinzunnrmaaauornnr:ld fast rate arofir}inrrinrfia artifact fr1 immittance ran

middle ear 6{rilf,uuuiln.r

tmfinptru':1 fast rate fi'rbi amplitude ?a{ single-peaked y, B, G tympanogram qnnxl

nr:li stow rt, tdatorn fast rate fi{ri mioote ear fiu:ritunr:d.rnarrf,r,:'ruriaaa{ uanornd

nr:'[i t"rt rrate rirbirfin notched tympanogram ,.nn..n.rli slow rate uas notch firfin{uo"dnnir

rfialmnfinr:nJf,suuilardr roactance olnnlnu (compliant reactancs) r'ir{rirurn (mass reactance)

a
r1n?lu

lGbayashi uacnrrtr (8'l) 6nu1zuata.t rale Fro amplitude ta{ tympanogram tun{Nfiradr,rii

a tto r af Q'
nn'frlnEuilnnta8tf probe tone frequency 226 Hz rate 8, 35 uac 70 mmH2O/second num

arnptitude o"rdldurdati r"t",fi ud,

Shanks ltar Wilson (79) narr']1 n11ilunnrn{1o\tn1u?1uir fpp riiali direction oir.rriufi

*'.nduti.ti ,ate rfir{ulo,srqwr"rdati probe tone frequency 226 Hz rmr*ia'iT rfluaraalnnr:nau

duait?a{ middt e 
""r 

n a d.rd rr n:"siu rl n ner6nGnnor n rnda,r fi ai4ti'lu nlrn n dau

osguthorpe uac Lam f/8) Flnuratatat rat" na arnplilude ?a\r tympanogram n{rudradr,r

riluum z dr n:ro4udrhnrunrrrftnrlnfi f i prsssure direction 220,060 Hz rate 12.5, 50 mmH2C/

second amnr:frnurnuir ampthud" o"rfiudu,iiali rr" rfiu{uCopyright by Mahidol University
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Koebsell uas t\Iargotis (82) finuratarol r"t" ru amplitude tun{la"':adriifinr.ild'AuUnfi

46 nu a1q 3.7-5.8 fl larqrofiu e.s+ fl) 6ruru aa 4 loali rate 50 uas 2oo daPay'second aram:

flnunnum rate fiatana amptitude ta.r Y tympanogmm adTrfiriafird'rpm.rafifi F=0.001) 6a rdalt

rate 200 daPalsemnd o:li amplitude mnmrli rate 50 dapa/second tY.rd,fjarornnnrau-i6

viscoetastic ta{ tympanic membrane drfim:nauaua,rdad$ir',rn:"duuuu nonlinear

tympanometer

ua3 Heller (66) finurzuatar ,"t" ro TPP ras amplitude Inuli screening

n{rd'rodr.rrflur6n so nu a'rtr 2.s-s.8 fl lorqrof,a 4.7 fl) 6ruru sz 4 ua"ry'lnru'

Margolls ua3

48 nu o1q 19.s-61.5 fl larqrofia 3o.s fl) iruru ez rX qnaufi:"ri'urn:1dfiuiln6 n:ronuirlJrru

- ' ^oY Aa .inllilAlounn tt probe lone frequency 226 Hz descending directlon Ehsn1:nlnsuuila{ pressure

41fl +200 fit -goo oapa rate 200 uas 400 daPalsecond aranr:frnut'ru?'l rate fiHana

amplitude ?an Y tympanogram adT.rfiria&rniqmta6firf.rlun{rr6nua"n{r{lnrglna amplirude a3

tfirnu ratr firfildu uac rate fiaradafirunrj{ Tpp tmqiln{utir.rfiriaardqrnr,ra66Tqsfi Tpp oc

tfinfi negarive pressure mndu,du,fixr rare urrasrtlrfintrfiT unu.rrao tpp rijoti rar" 2oo uas 400

daPa/semnd oirtriuhirfiu 3.3 dapa drudrrunri.: rpp tunarrfinriunu'ir rate hifiarndamunri.r

rpp iirfindu

Feldrnan uacnrw (83) finurruntar rate no shape, amptitucte uas TPP nE'roiraJtrrfluEi

trridfinr:ld'aurlnfitTuru 1o nu uarnqrud'racirrrilurfinorqlrjrfiu rs flfifirrsr6enrnlu mioore

ear un tympanic membrane rJn6 truru zt nuli descending direction d.rfin'rarJfiuuurJao pressure

fln -4OO fi.: zOO mmH2O rerte 25 uac 75 mmH2O/second aranr:flnu'rfidld

1. shape uurnu3nJuuumr Paradise Ba3n[ll3 1d.rfivr:ru'r TPP ua; amplitude) r'rufl

,duti rr" 25 uns 75 mmH2o/secono wbigrJjT.roirlriurh"mru 23-27% ?a.ru

z. amptitude nr:li rate sirviurirbidr amptitude nrtriuno,r z n4rr"T our.:6o rfiarfil rare

d o q : A - f, o ' Jo A o - ^Jfroan,tln amplitude rvuJtun?s q{tunnlnru?rEnGanrlflu mtddte 
"u, 

fi urpriuoe rfitrurnn?1nqil

dfin'r:ldaulnfi z rrir nr:nldfluuila,t amptitude mil lzrte drfinotnnmc hysteresis ?o.t tympantc

mernbrane ua; middle ear fillarrrnlnnauefuait na rn:nldsuuila{ prcsstrre tdfiun

41491"
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3. TPP rate fiara$A'ru11u{ta{ TPP unnm.:riuatir.rfirisi,r6'rymla66 F<0.01) rt{ 2

n{lfiradr.r n{ufi'nnr:1d'aurlnfiriiald fasr rate o"nTtriArunrjmar tpp aqinrr nesarive pressure

rrT nnmriiali dow rate tltmru 25.8 mmH2o funfiLn{ruiifinsrfianrnlu middte ear rfiati tast

rate onrbifuundlta.o ree agnr'r negative pressure riasn;riiald dow rats il:cilrru 36.2mmH2o

Decraemer ra3afla (60) nar.ir n'',:ld ,,"t" riuuni. 50 dapa/secono hilddrsnnn.'r?c

hysteresis d.rrilurnr#rfinorn intemal friction force ?an soft tissue lriu fitti.r ni.urdu riur6on6,r

tyrnpanic membrane)

S. innuffgrlurrtlmrfrou (Number of tympanornsuc runs)

Van camp uasnnw (3) narmT irurun{rlun'rmnaoufiarnirbi amptitude uac shape

ta{ tympanogram ttJdauurjntdo rirnnaauna'rsa*o,iart?idr amptirude rfil{uuh" snape {udau

u.ndu nr:rrlf,suuilaldrfin-n impedance fla{ tympanic membrane ud: mi{flls ear tiaaa.ruacfi

nr:nlf,sruuila{nl reactanc" lU{dTurn (mass reactanoy urn{u

osguthorpe ua; Lam f/8) flnuratatatorurunf.rlunrrnadaunanl amplitude flu?1

lunr:nsaau to n{.r firbi amptitude to,t B, G tympanogram rfiil{uTnaroda tzz Tasfinr:nnaou

g a$u:nridf amplitude rfirfir z'2" ttrhs'rrnr:fi amptitude rfirdunrmru'runfrfinnaaudrfin

o.nn.:rndaudtal prooe rip fiThi ear canal volume uldsuuila{d{fiarasiarir amptitude uanqrnd

nfi n o dau nar s n{.r s".rfi 'fl ?irfi o n otch ed tym pano g ram rli ldud n d.l fl

wilson uarnrw (04) ndm'ir;rLir,rsan tympanogram osfuiauyrnduri,rrfil6,rurun$.r1u

n'lrnndou uaclun'nilordou lo n9.rornn,lvi amplitude ?a{ B, G tympanogram rfil{uil:srJ1m

0.04 mmhos riiali prooe tone frequen cy 226 Hz ua"riiali probe tone frequency 67g tlzoanrhi

amplftude ?o{ B, G tympanogram rfiildurhcilril o.o2 ttas 0.09 mmhos nrilfi1n-u mrfiru amptitude

dnuruT nlunl:yrnrtau g-s n{ru:n
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rmaflrr nlTnsdau?ln, Un{.tfi,tl?i prpssure tu ear canat rilf,uuuila.rlrniiaralvi4cuatdfi

Mscoelastic tao middle ear ulfiauuilnt6afi impedance riasffAfiidri amptitude uffi shaps 'ds5

tympanogmm trlf,auurla,rllirsua;nr:rildtruuila.rdtJld',fir.n-# probe rip lndaufi

_t+

a-.T.-i'-'t'-'{-'-G'-'$'-'t-=s'-t

| 2 . 3 a E O ? C C rO

o:-
tJ
9

o
:2
z

o
2

i

o

2.1 o-.Cl-.g.-o.-r)'O- 
e -,c'-9j

aa

+hw
o
:
9 r.e

fo
o

o.8

| 231 5 6 ? Sero 1 23a 3 0 ? 8 9rO
IRIAL

grlii zr uan{nr:rildsuurJat arnptitude tar Y, B, G tympanogram nrri, urunf.rtunrmnaau

r ot
tFrstt ascsnding uffi descendng direction (fln 64)

4. ar canal conecflon

acouslic immittanc€ it{nb'1u:nrrutar prcbe tip rfur{lu imrnittance ra{ ear canat votume

:rlriu lmmittance m{ tympanlc membrane unc middle ear dlrfu acousic immittance ro{ middle

"ur 
dfr,lu:arlumit tympanlc rnembrane 6olitrnm:rn acoustic imrnittance ta{ ear canal volume

rinaanorn acoustic immittanco ii'fr'1d'1u:$Jril?a{ prcbe tipCopyright by Mahidol University
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Van Camp [a3nnl3 (3) Margolis tras Shanks (5) Shanks uasail3 (84) nar],t1 r6:lnr:

' lcto- o'fi1n'l acoustic immittan@ tal ear canal volume uua3qa{:n1 ear canal volume nauQl.tltiGnt:'la

uaanoaa'irirhflu ear canar e6drfluifiiiejtarn6,:firn:dnurla.rlnalinTmndau tympanor"ry do

rilurn:{n acoustic immittance tait sar canal, tympanic membrane un; middle ear lutnrsfifinr:

.i,anlfiguuilal prsssure lu ear canal n'l pressure lu ear canal rilu negative ria positive pressure

rlnj tympanic membrane orfi impedance Mnduaun:#.rrqa.r.rru}Jrnil1:nr.t'lu tympanlc membr3ne

rir{ miOOfe eat li amustic immittanc€ thiat#i probe tip lurnnrtufia acousric imminance ra.r ear

canal volume rfig{odrgdrn i6nr:nr acoustic immittiance toir ear canal volume n-{nnm6aner ear

canal conection nd'lornrfu6.rrirhlnrrir acoustic imrnittanc€ ta{ middle ear Torairn'ln1 acoustic

immittance lu:cltluta{ probe tlp audtsn. acoustic immittance ta{ ear canal volume urflurir

acoustic lmmlttance m.t tyrnpanic membrane d.rfiaarir $atic acoustic immittrance n3o amplitude to.t

d,
tympanogram uuto.t

tmfla'l??1 n1: corecr ear canal Tnali pressure lu ear canat firfll posilive uns negative

pressure o"nrlnld'pir amplitude Eir.rri'ubi n1: correct ear canal Tnali negarive pressure ordra

trirn.ri. immittance ?a{ mtddte ear tu:curuta{ tympanic membran" ldqniarn'jrrn:f i posnive

pressure rfjo'rornii negative pressure fiat resistance lrnmrfi positive pressure luznr"finr reac-

.j
tance fi negative uas positive tmriu nlrffil' negative pressure lu ear canal rnn6; (il'lnm1fi5a

. o o -- ; ' o -
tn1nil -400 daPa) ail1tn impedanc€ ta{ tympanic mernbrane il1nfrdnt?ulfifi1n1 acoustic immit-

lance ta{ ear canal volume uac middle 
"", 

onoiuouanf,

Shanks ua; Lilly (85) nn,mrnr:rl:sil1iln1 ear canat votume iinaufiT drplun'un.n,r

acoustic lrnmittance ta{ middle ear tia 
"u, 

canal volume lrnonr'bidr impedance to,t ear canal

- J o t J-c'o o n'
volume nna{ ffilalAillnnAn1 imp€Clance n'lalalu:fllu1a'l probo tip U4il11,14}1'ln1 impedance ?a{

mlddle ear fianarnki ot-.tuourirarrutnil:cilr$41 ear canal volurne 1n'lnir6sori'unro3.rurnrnrl:

e "ql ' r- - :3nacnl$ln1n1 impedance ta{ mlddle ear lnQnnalil'lnE{Eu
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shanks ua; Liily (85) lduanrnr:rl:"urron'r ear canal volums laslinrrnnaau tympa-

nometry fi proOe lone frequency 220 ttas 660 Hz nJisurfisuriuifinr:in ear canal volume Isan:l

ilan.l:finulTturt nrd:;r1iln1 ear canal volume Intfl; tympanometry ri.r e prooe tone frequency

fi ear canat pressure -4oo daPa rfuo"lidr ear canal votume tnirfia,tti'ud.ii{tldTtut:.:ua"riiali

ear canat pressure il1nm1 -400 dapa fiuurlrilq"G'd1 ear canat volume tnirfifl.tdr ear canal

^&volums a:{9mntu ft:rlfi zz

zzoY

se*

;ro
E

;
=lJ
9oe
J
z
(,
q 0.6

trj

-m o 200

EAR CANAL PRESSURE (doPol

ilfr zz uan{nr:tlliiautfiau ear canal volume fi1do.nn.-ndau rympanometry riu ear canal

voturne iiisG'Iran:{,iiati rur canat pressur r'to gn-u (fln gs)

nrtJ:;urum ear canal volume fiottnrofioralnld'dr acoustic immittance fi tyrpuni.

membrane fior^rarntldra Burke uasnsw (a+) fintnrir rssistance uag spslpllspce ?rai tympanlc

membrane uar middte ear fifim:rl:crlrunl ear canat votume luzurnnrrgriuuacflurnfi{nld'otl

r o- a ' j 'tqatu probe tone frequency 226 HZ aranr:FlnuT,ruTlnl resistance ua; 6p6pli41ce n1.'nut$on'l

ear canal votume dr.rri'u rii:r.lii es
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gld 23 uamdr reslslranc€ ua3 complialce finldsuuila{mil ear canat votume (fln 44)

nr:il::msum ear canal volume d'uri'ufiHn1frd'dT impeoance ra\r midcle ear s'l,rriuuar

o o 'oo t o

alan'lll4luoQgrlo?'{a1ntn Burke ua3nfll3 (44)nufl mnlTsmflm ear canal volume il1nrn1n1

ii{tliTtuu,:t 0.3 enulrinrtufirrnrrnlnluirh reaclanc€ unc resistance rnfiaunr reactanc€ ua3

reslstancs mnndilnudtflu otosdercsis un;rrhsilril ear canat votume riat,ndrdriifnldlrsnro
a ^ r 9.

0.3 enutrin[cnrfitiln:o:lqn'l resistance uas reactance rfifiaungilaudrflu disarticr.rlation

..;ff-"
/

.. . H@aAL
, I OIOSqInG|t

i . E€lcular(

E5 eg,) tq, l:lo |( |:fr

I

z

3

a

;

l. J.l
T)fr 24 udn{m rsactancs, reslstance nluaguuilanmilm ear canal volume rtJtrlurfisuriunr

g

6
E

;
:

F
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,, I a O!.c
,' ' - olcc
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11nn1:Anu1finar.u'ttl-..rd'unu'rr pressure lu ear canat riiud.rerA'rptiri{riri.r ear canal

volume l.l6auurta.rd.:fizuabi acoustic immittance to\t ear canal volume uac middle ear nlfiauuilailil
&a
uu6a nr amplitude ra{ tympanograrn njfisuurln.:}lons Margotis un: shanks (37) na,r??1

amplitude dtiornnr: coned ear canal fi positive pressure fi5a positive tail vatue ra{ tyrnpanogram

a'l i$iln1uagrn'l amplitude frornrn: conect ear canal fi negative pressure nia negative tail value

Sdd€ci vadaHs

1. o1q (ase)

Nixon uncnruc (ir.:tu ao1 nnm'r. :srunr:1ifiuta,:nuocfinr:ulf,suuila.rrfiaorqrrn{u

riu6a connective tissue ta{ middle ear frocfinr:ujfisuuila{d'rad.ro"fiaraorannlnn,:drnanfrmutao

middle ear Osterhammd ttnc Osterharnmel (ee) 6{?irnr:frnr*rarata\:aluuasrnFfnont compliance

ta{{ n{rri'raiT.rrflunuii'firnrl;fiuilnA hirnafiil:ifiT:nno{{funalr lJfir.To{E rds{turia.rntril

finrJnfita.r4rfiannaau tympanorptry y{u type A tympanogram Insfi ree uqjludrr *50 mmH2o fi

.t A ^ o --- a 'acoustic reflex lufin.t 2 ?n{ nailmatn$flu?u 286 nu mg 1zt3 nu }1r!{ 143 nu uu.Jtrlu 5 nqil
,t'

6a n{norq 10-12 fl, 19-19 fl, 2o-2g fl,30-g9 fl, 4o-4g fl, so-sg fl, oo-og fl uacrJrnnrl 70 fl

nnrtau tympanometry Tnsl;tndat Madsen zo-Tzelectroacoustic impedance bridge firmrindr sut,

- n9'
compliancs Isalfm compliance fi 0 mmH2O ailolsm mmpliance fi +200 mmH2O Han'l:6nu'l

TIU11

1. dr $atic comptiance zaoutflrrafiuurTririrrrnn'n?radrilFtnt!.rnnn{mrqudrfi'a

A t oal 
I 

de e

T m:rcnnr.rdfi fi llnumunn 6ndrlua sfi fi u ua'rdrgm,rafi fi

2. m $atic compliance fi drmniiEnr&lu nrrf,t'rsrnsrl,tnnfoludrtalq go-g9 it
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MEAN VALUES MENE\NOA/IEN

o.? |}r9 20-29 ost.+49 S59 6(}6)
AGE

a

.b

A

2

o

.e

.6

.4

.2

o

:rJii zs uanrntodsrarm staric compliance luuna"'ir.rar{ (orn 86)

Margolis uar Heller (66) dnuatatata"rsna amplitude uac TPP ?a{ tympanogram ytu

'i'-a.ot'o-o
l1olqnn,l\tnusr{amtfi amplitude ua3 TPP 1a{ tympanogram unnnlinuaflfiilugrnnruyrl{dfra

,"o.i,n-o
tfiasornfirn:rilfiauutlam1{nlu anatomy uas physiologD/ ta{ middle ear 6{finlrnauduo\rqarfla{

-,;A^J.Ja-^er
n il'ln:cnU gn\t nU mfl UA gUUilA\tUacln ntUa gfi FlOtUa{1UOn1 glOitUlIUE

tot

Hall (18) nat?'la'lsfiaradari'r amplitude ?a{ tympanogram Tnu amplitude fiuudrilrfil

{uludr.raT s 1-g5 fl uararana{riialamndu

Harty (irdu g7') dntn tz temporat bones dtfia1q?rwreilAendrunu:nrfinfi.r ga fl fiu

mrfiaarqlrndu elastic tissue 'lu ossianlar joint fiaoa{ua; elastic fiber tu tendon ?a.! stap€dius

musds un nus na a n tiludurf, n g nT rrlf, suudatdaroft ara na acoustic tmmittance bi

Halt (87) frnurzuatomlam;n^rfiaam $afic comptlance n{td'rari'wrft?1lrt 9g6 nu

o-91 fl olqrods 40 fl dfi micldte .ur, ilna&,anarnl1o1n tympanogram rype A rpp lirfiu

a1a

-50

rNccffi
9?4288A2849062p

STANDAFIO OEVATIO'\S
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mmH2O tracfi acoustic reflex ilnnrfinulnunargfiarananr comptiance uacatsil:3lr1tu 31-40 fl

'A Yg a dwfiar comptiance {.rfi{nua;nnn{rfiao1qrfiilflu nliiarorflaornfrnr:rilfiauuilantan middte ear

musde , ossiellar chain n5a connective tissue lu middle ear

Jerger ua3nilc 1as1 finurtGsutfiaunr stratic compliance InsU probe tone frequency 226

nz ndusiraJl.ra'ru G-90 fl utiooonrilu 2 nail 6a ndrun'finr:loiAurLnfii,u'ru 91s nu uncnnilfifittarl

nT:lifiufiarJnfisiiarJ:carn4r6ia#,rfi acoustlc reftex uas:caiunT:loiBuhirfiu 70 dB iruru gg5 nu

4 ' i ' i ;3
zuanr:Fnurmr11 t'r{a1q 30-39 fl q;finr static compliance mrifiqnuacnna{rfioarqrfilfiu d'rgrJfi

zB t?1nar?1n1#dr,rarqdfim static comptiance u'lnn..t ouls6uororfino.ndroa.qdaqiluto

c { r v-v a oq'- Jq V ' -aa -- A rnN1uf,{A',lO6lils.ldnutds.til1nn1t?lna1ilruatufiuunafiaaufia1a{il compliance mntu unafl1l:t:

finurdartrrGaurfiaunr comptiance m.rnqrdradfialq 30-sg flfifinr:druaiards.rri.rriudtri,i'uaia

riia.roi"rvrumfinrrrtunnnr.:riuriasil'rn nrtoaflmnr:fi comptiance ra.luqa""ir,rarqrir,rriurdollr
,e

alnunnsd?{arufi anatomy uar physiotogy ?a{ middte ear nr.triu

...o...

a'
a.'o----tt--.-o

o- '-''-..'-
". o'

. Men
o Women

a

"lo"--.o-..-.o::::..
"E

0.

q

.0.
(,
c
G'

40.
E
o
oo.

(,
t-o.z
c
o
6
50.5o
o

;0.3
D
c
g
(')0.1

20-29 4G49
Age. yr

180

grlii ee Bdn{n1 stattc comptiancs ?anrflFttlsuffitndnr!.rtuurinrrir{o1q (fln 89)
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- -' o a ' q ' A o' ' v
sweltzer (aNlu 87) frnulnr reactance, resistancelunqlnraur.: 2 ndilfi.0iiu1\:alsnNdu

nailu:na1s 19-33 fl iruru 21 au naxfida{a1u 59-85 fl 6ruru 15 au ruan1:flnE1yru,t1
iait

nEiln da{ 1r m resislance, reactiance a1 rn1 nqri u:n

Btood ua3 Greenberg (irtlu 87) Flnur amptitude fla{ Y tympanogram 'lun{rfiradr.rii

finr:liBurtnfi zo nu utirrfiu s dr'rarqda a1s so-se fl, oo-sg fl uacil'lnnr1 70 fl Torald prooe
a,

tone frequency 226 Hz ilnm:nnslilumntodutao amplitude anarrfiaarqrfiildufia o.as 0.81

ttf,c 0.6 rnmhos nrrfirfru

Thompson rffinrw (87) dntn amptttude zo,r Y, B, G tympanogram tun{ruri'radroiifirn:

ttoqta'ol-o
rnsuunn]lacrililnrrcrfis{nan1flfinn11ilfindnnlun1:msu flu?u 60 nu a:riJ 20-79 fl ruanr:

nnu1ilu'r'lm{a1q 20-29 fl finT amplitude ?a{ Y, B, G tympanogram qoiiqnoa".rnna$udrlarq

so-60 fl drmrqrJ:"uril oo-79 flo:fidr amptitude rfirdudnnfond,r udad'r.r1:finurdairn:r#

ara?a{alqqan'r amplltucle num; amplitude hirilf,suuiln{n1ila1sasl.rfiriafirdrpnfidfiA n1

a:rjr, n'r:ujdsurila$nr.tdiT mT atu rniddle ear hifi6n6oananri'riflunr:d.rqey{do{'lu?a{ mtddte

ea, ludr.tar q zo-7g fld rmnarlfirrfimr amptitude arofinr:uldauuila{enilaiqudrniia.rfiafl;'

tunT :n naaulilrnillrnrfiuti lanr:njf, rlu uiln.rfl d

Porrer (90) Finuuammlqnam arnptitude fla{ Y, B, G tympanogram Tnsli probe tone

frequency 220 ua! 660 Hz nqln"raJr.ruJ*rlu s nq'rufia nejra-trarjdnnr:ldfiuilnfiiruru 18 nu

o'rs 18-40 fl alsrofis zs fl norrdniifirn:loiAurlnfiinu'ru 1g nu a:ut 7-'t4 fl arsrods g flIttlt

' a )a t'o o . i c 'nEildnfifin1:lorfiufiEnJnfitiinrJtarnqrilariruru 18 nu a1q T-14 fl aT qrof,u g fl ua:rfia

ilnGrau tympanomerry nu?'r TPP rfinlu pressure *50 mmH2O nanr:Ffnurfifod

A oo - o ' &1. rfia'lz probe tone frequency 220 Hz lunrmadaunaildraslin-d g nqil Tlu?1

mrofiafla{ amplitude ?a\t Y tympanogram 6a 0.79, 0.65, 0.59 mmhos atrf,nri'u nlrodsml

amplttude mn B tympanogram 6a o.zt, 0.60, 0.54 mmhos ua"fi#urdrnruuMntltu o.zz, 0.1g,
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0.21 mmhos atlarffu altqfiaqa{ amplitude lan G tyrnpanogram 6o 0.3S, 0.24, O.2g rnmhos

at ;
ua3ild'ru!fiu{ruumn:5'ru 0.08, 0.06, 0.13 mmhos mrjArdu

i o' o ' Y '2. rfialt probe tone frequency 660 Hz tunrmndaunEiln-?autn'd 3 nqrl ytu't1

nlraf,sta,t amplitude m.t Y bmpanogram 6a 2.9g, 2.g1, 1.7't mmhos n'ru&rdu mrof,sta{

amplitude ?iN B tympanogram 6a t.ot, 1.01, o.9r mmhos ua"fidrurfia.ruuun:S1u 0.48, 0.41,

0.39 mmhos nu6noiu mtafis?a{ amplitude za{ G tympanogram 6a 2.1s,2.06,'1.45 mmhos uac

a' j
ilanulus.ltuurJ1nr51u 1.01, 1.01, 0.73 mmhos mila1nu

flnnlTnnatauntldfiAilu?1nl amplitude ?o.: B, c tympanogram rfiali proUe tone

frequency zzo Hz tun{lfiradrtf'r s nqruqnon.rodrrfiria*rdrgnrrafifi (pco.ot) rarn'l ampmude

ta{ e tympanogram riiali prooe tone frequency 660 nz tunqrud'ratirtttr s nailunnrlrtaar.tfiu-a

irA'rpntafifi F<0.01) tt1nn11?1n11ilrnner1\rfirfinf,udtin:rudlrfiFrnuuoua'lorfiaa'lnnlrfiilmG

dn1vflu mictdle ear fftilmilT:r6fiodsldniarfinornTnxair,rtar middte ear nJdtruuila{diaals

rflil?lu

Himmelfarb ua; Popelka (91) 6nu, tympanogram railfinurnrfin 34 nualq e-ge #'1

In'r nqu":air.:r1nnufirl:ffinr:d.rn::rir,rngnaanrln6 frnurlosli probe tone frequency z2o aas

660 Hz nnnr:f, nvrfi ri',rd

i o'
rfia'lr probe tone frequency 220 Hz thsilr$ 50% tannqilri'rautiigrJ:rn?lan tympanogram

rilu tate il:siltsu 2s% tflu 3B1G tympanogram uanltcilrsu es* rilu 3B3G tyrnpanogram

j ql ' a i o'riia'lt probe tone frequency 660 Hz 1'{u?1 tl:srrru lsz iigrJ:r.rtad tr/mpanogram rfifiautfialf,

probe lone frequency z2o tiz 6n esz nu?1 B rympanogftm fifli'urfiouuuu:1u 6ag ir a nrl
Jr9,

n1u positive pressurs qnnflnru negative prsssure d?u G tympanogram rilu sngte uia oounte-

peal<ecl tyrnpanogam ua:tfiaArururi. n, x o.nn g, o rruitfioli prooe tone frequen cy 22o Hz

nltoda?a{ n finn'irdrtsfiuzao x ua"rdali probs tone frequency 660 Hz x fidtfiauu,irriu

dr n nraf irdT x unsR fin'r:rildauurlarrrrarqdrfiarabftrLirm{ r/mpanogram rilf,uuuila.t
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Spruque ua3nils (92) 6lnurlL:tna{ tympanogram Inaf i proUe tone frequency 220 uag

660 Hz n{:rd'ratirtnlulfinu:nrfiaars z4-1go frltl.t sruru 44 nu d.rfirh:n"finr:norn::ri

rJrifin,:aaonuaal:ifindtnaaailnfi aranr:frnurnuitfiatd prooe tone rrequen cy 22o Hz rfin

notched tympanogram il:crJ'uu eSz tutn"iiti probe tone frequency 660 Hz tfin notcfred tyrnpa-

nogram tfig{ 1olo unctfin singte-peaked tyrnpanogram 99% r1'lnaTrl1n1rnu notched q/mpanogram

tun{ufinriia'li prooe tone freuqen cy 220 nz riurfja,:orn:"uunT:lifiurau6nfi resonance fre-

quency tj:ciltgu 220-660 Hz d,rrmfiorrTrilu resonance frequency ta{ ear canal mnn'lrriiu

resonance frequency fla{ middte 
"", 

uun-nd,trftttu'lr notched tympanogam iirfindurdat"i proue

tone frequen cy 220 rz rfurilu notch fidnunuaq{d{rfiafirdstar, rudfirlnarllu mass component at

fi6nfinavrnlun'rin?uqiln1:d.rnar'{f.n'rud.rsrt.rirrfiur,itnrpd"u'ir mass fi6nBr,rnlrnriiofirtlar

nT rrdpnrT looo Hz lrnazuTu:ruu

Ho[e uasnruc (9g) nn..i.n'r*u notched tympanogram rdati prooe tone frequen cy 226

nz lunqrrfinnr:ntfurfiorornfinErrato{ middte ear il1nn?lrfiorornnr:rnfiaulnlrar ear canat watl

d.rnTlddnurnr:rilf,suuilaoriuoi.qurinar?a{ ear canat ro*6nars so fulurrusiifinr:nlfisuudn,l

pressure fln -250 fi.r soo oapa uirnuirlJfrnr:ntdauuila{riur,nquJna,ma{ ear canat milnl:
.i.o'Y

tuduuuua{ pressure tutu#moaau tympanometry m?raril notched tympanogram rtrdoa;rJir

notched tympanogram rfioornlnxairruasmrfir.trum.t middts ear ri,rlraruq:nirfirud

Holte uaiailc (94) nsdau tympanometry Tnuli proUe tone frequen cy 226, 335, 450,

560, 710 uas 900 Hz n{rdrariTorilurfina'rq t {u fi.r + 6au Ufimr"rdwnanr:rfianmlfis
r ao tto ot a

rlnfi'lunrrlorfiu 1r ascending uas descending direction sr-rusr -500 fu goO Oapa rate 250 dapa/

second aranr:dntnfiri'.rd

1. shape 4nnquu.q fiuurTrirufio"rfior shapo ta,r tyrnpanogram dui'ouduriiati proue

-.' '3-.A-.--q -q 1q-- ' :.J -^- v | ' j
tone frequency rnntuflrtrfiouriu4lrrguotff ggs ua; 450 Hz osrfin shape {urauil1nn?1 rflalorn

:cuurn:1ifiuta.nfinfi resonance frequency d qso rlt d.:dr.rriuqihrp' uanornd mass ua; resistance

f.rfi dnfirnraora frr acoustic immittance ?a{ middle ear rau6nlrnnl.ru,rri1n*Copyright by Mahidol University
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2. arnptitude qnnqm, qfiuurhili4o"fi amptitude nan Y tympanograrn lrndudali prooe

tone frequen"y lrn{u n".qr.tfi zz udasir.rl:fimilm amplitude ta{ Y tympanogram talrf;nfirionr

tiuuni.roo4'tnq4n prooe rone frequency tltodrdar-n middle ear cavity talrfinfirurnuosnl1

4'troqiarirtti input admittance ?a{ middte 
""r 

tiuu*.d.stn:r input admittanc€ ra{ middle ear i

nT arJdsuuilarnruGrtn:ta.to1mFflu middle ear cavity

---'' -_-___--___'

,-'

.'" nt'

.:' ./''#
€6

E
E

B

E

t
E

t

2
€
E

F
e

C

t
E

o!s !m@

gli4 zz u6tn{m amptitude ra{ Y tympanogram tun{rurdnua"r,ilr.rt-u o =1-7 ?-u | =11-12 {lr

Q =26-47 iu I =51-66 fu [ =103-113 ?-lJ A =adult (o1n 94)

Beattle uar Leamy C/6) firnrrdnurarazara, qnan, amplitude uas TPP fla0 tyrnpanogEm

- c t o'
tnutt probe tone frequoncy 220 uas 660 Hz tt ascending ua: descending direcflon rate 30

nunH2o/second n{ln'radT,riitr'lunr:dntnorh,rlu e n{u 6a nqxarq 17-29 flurunquatt 60-z8

fl d.rni z nqrfi:rdunT:lifiurlnauarlJs*ial:nr1 ^unrrfln*.nu;. 

! '

t. neird r fidr amptitude mnnrrn{ud 2 rmrr1lmaTqriiudrurlmdrrornr:dnwrdT

adm ittance d.r rmuuanr'r sr:iinrrl n 6tuod. 
"or*an." 

lu ndu;]rru. u
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2. pressure dirsc{ion fiaraoia TPP ta.it B G tynpanogran tunailarsrnnmr so fladr.rfiria

frrfiqmr.rafifi udltifioradu TPP ?o.Jnqila'lq 17-29 fl ri'rtuUarrr:nnarrld'jtfluarno-rnR1?;

hysteresis nianmrufi ndnfitai:cuun, :utds.l

Z lnf, (sex)

Margolis uar Heller (66) dnurn-liisutfiau arnplitude to.t Y tyrnpanogram lun{rurfi'rodr.:

rrfntlsuastflmnf.: nnaauTnal;rnia{ screening tympanometer li prooe tone frequen cy zZG Hz

a'-o'v
arant:finurnu?1 amplitude fla.l Y tympanogram lunarud'ro0tty{Fltlaunnor.lolnrnFlnt!.rau'ufi

ria*rA'rpnr.rafiA;{; rate 200 daPalsecond ouiri.t'i rate 400 daPa/semnd uir amplitud" ouotfo z

nralilusrnorrtriu rm6tuu"id;1; fast rate rfiaaanrrrurnnrmar amptitude lun{nmsuacnilFMr!.1

uuno.ndtt.ftf,nutrJisurfiaufiTunrj{ Tpp ta{ h/mpanogram rru'jTfirurnrj.r Tpp rauflnmalil

unnnroolnlvrnfirln

Hall (1s) ndrtiTlns#rlilnr static conpliance ?anrnFtflarnnmtnnnrftrfiarornnrf,

trgfi ear canal volume u,tnnllni{f,firln

Jerger unrn$s (sg) flnrfltf:sutfiuuar satic compliance ro{md{1aua:rnnr{ra1u 6-90

d r ot t o t to a ' ' ail tns1l probe tone frequency 22O Hz naila?osltnnnuilnr:tnEuilnfr zuanr:frnu,llrurlnlods

ua#rurfjs.rruurnnrs'rurarm rurt" comptiance ra.rrnf,fi{{;aunir,nrtma rn{illoihiruar.rarfisr

riumuunnnr\:to{n1 static compliance :s14?1\nr{F1t'ruua;lnnnfr rmnamrfirithlmnr:iim:

alvo
nnulrRfllnu anatomy unr physiology ?la{ middle ear luunasx?\ra1quafis]111{r1rFf

Hall (88) f,nurrrliisurfiuunl $atic comptiance lun{rdrarirrflfltls t8s nuun:rnfiud.t

151 nu a1s 6-91 fl arqroda +s.s fld.rfi middle ear ilnfi flntnlnali prob€ tone frequency 226 t-tz

t{anr:frnMilu'irrir static compliance fla{rlrnnr!.:mnn'rtlrrttrs6ntiouri.u.qriuun'jr so fl uF;

tirarq st-oo fl dr statlc compllance ta\:rflffi'lsa;mnrnrrnrtnfr un"ffiuurqr,.nnr. 60 fl

statlc compliance ta{n'rFftluunrrnrmfi.rocfi Firryirfiu d.rgld zaCopyright by Mahidol University
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$1fi 29 ltdq{m static compliance tairnf,tlauarwrdnr!.r (q'ln 88)

Brooks (95) frrn'r:f,nu acoustic comptiance lun{td'radroi{finr:1d'Euilndarg 5-11 fl

tflun'rnr,Uinulu 320 4 nrnn{.r6ru1u 322 rn '[i prooe tone frequency 220 Hz zunnr:finu'lytu'11

musus'rutornr compliance soirrnFtuloua;rnnnfr 6a o.oe uar 0.69 cc rmna, mrlu{arfin 4

fla{t}rFlt1sacfi comptiance il'lnn?'rtflanrvrnrr!.nJ:;r1ru 5-10% faqilrnrg'nmnmril:clrru 1s-2s%

unclu{st:ro"fiilrnnmr6nriaa rf.rdurjamrnloartl}J,r*nmufurtiT.rlnrjn'rtnnn{.r ear canat n w

tympanic membrane fituT orhaqin'jrdrsd.tfiruabi acousric comptiance zo{nnrFlulaonrotnrnnnt!.r

tm6lfirnr:narrau h/mpanometry tfiamzu.orga,r ear canal volum" Toslindrn-rasfiwtFturdung

- o Ja ' - -Styral1su{n il a1 q q10 nu n\:u

nq'uaTg 4-6 fl 50 nu (100 r{) n{uu.q 7-8 fl so nu (100 {)
nExalq 9-11 fl 50 au (100 14) nailo1g 20-45 fl so nu (100 13)

n{mrq 4G-70 fl so nu (1oo 41 uffinailo1lril1nn'r1 71 fl es nu (s0 {)

E

Bo

alantflnulltufl tu1nfla\: ear canal volume ta.:nrFltlaunnnl{a1nl1rrtn{,:oarlfiu-a

fird'cpmoafi filut1nn{uorqanriu'tun{ra1q 4-6 fl fi.rgrtd es rura:ilzuanr:fi ntn'irCopyright by Mahidol University
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m:fi ear canal

compliance un

1. ear canal volums ta.ttnfitltlo"tnepn'rtnnrn{.rrfiaaTql1nn?1 5 fl

tatn'rnrrsfiturnlrrjnrT n'rnnt!.rfrrbizuln?ai tympanic membrane tnru'nirA!fi

nmirg

2. middle ear comptiance osrfiiln'ruarq ti.ou.qtiuuo"tfiiltS?uadroarqu.no",firi.a.:rtt

vftdarorfiaqrnnT:nldsuurlal elastlcity ra{ rympanic msmbrane uffi middte ear

7
E

1.6U

=
J
o
J 1.2

z
()
(E

ui 0.8

g!fi 29 udn{ ear canal volume to{tnFfulrlua;u,rrtnf.:ludr.rorqnr,r "1 1 oT n 95)

3. bodyposidon

n'ufim.:tnattua{sr;riufias (pedlyrnph'lu cocnteal fiu:rriumma{r?1a? (hydrostatic pres-

surel rfildu 100-200 mmH2o o;nTbind.rmurf,s.rlnnrJru tympanic membrane nora.r ltuee ir.rtu

94) body inverslon fidrufirhi intracraniat pressure ta.t cerebrospinal ftuid rfiilduuasrfia.rorn

cerebrospinalfluid adAoriu perilymph nfi cochlea aqeduct 6{ftU perilymph fi pressure rlitdudrel

fir}ili'u oval wlndow uac round window aanoln cochlea fiarafirbi acoustic immittance nidsuuilnilFi

( Davson irrlu se1 Copyright by Mahidol University
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Macrae (96) firnl:dnuraatol body position nanr acpustic immittance nql6'rod,r.rrilu

mua'rq 18-3s fl oruru 10 nu finr:ldOur.tna hifirL::dlal:nn nsdau tympanomerry lorahin{l

""'tathaglunr 
upright uaryrl invert uirrirm:rGautfiau amptitude ua; Tpp rar tlrmpanogrr d

loiornn,:naauutio e lir l.i probe tone frequency 660 Hz aranr:6nurnu,r.r

't. n'l invert rhbi anptirude ta{ B tympanograr ,fiudu +.2, ampiltude ta{ G tympano-

gram annn 60%

z. nr invert fiTbi rpp ta': B, G tympanogrr uqifi positive pressure il1nn?1n1 updghr

rfja.roT nm tnvert firbi intracraniat venous btood pressure rfir{ufiarnbi mucosa fiuJu mtddte ear

caMty firJ3r,srafir{ufirbi pr"rrrr" lu mtdote ear cavity dudu

ttrfirnrmnaauda,fiaqir pressure tu mioote ear cavity idrdduiffrifiuf,rium:nldau-

uila.: amplilude flan B, G tympanogam o3.:fi':ahflasnnaaunqun'radr.rluliT upright u#ltrindl

n'laa1nm

flntrlv'|u?1

aulntu

vatsatva ,fiarfi^, pressure '[u mioote ear cavity uirdonoaau tympanomerry aran'r:

amplitude ?a{ B, G bympanogram lJuJduuurla.rlutnrsd ree aqji{ posirive pressure

nr6,ra1j'iTnr:nldsuutlm amptitude ro{ h/mpanogram rfiannaau'lunr inven rfulill#

A JJ ..Jlnnolnmflliulluta{ middle ear pressure untfrnotnrn:tvirtutao hydrostatic pressure ta.t

perilymph

Daniel uasarw (97) anurruazat body position eranl acoustic lrnmittance Insyhnr:

noaaunqln"'ladr#finr:ld0r.nJnh zs nu a1s 2o-s9 fl oTsrq6s 2s.B il Inahinejruri'ruri.o"{1u

. c, o oenrflom uau}l't'lu uaunir uauncunnlut$cnoctau tympanometry lt probe tone frequency 220 Hz

udrf,nr*rar amplitude uas TPP ta{ B tympanogram aranr:dnutnudT rirtiirt:finr amptitude Err.r

ornlirduaJT 'riu"a&rdrgnr{d6fiuac ree a{ii negative pressure uT nnrrriT6uil:srnru 13 mmH2o

n'rbi*rqHnmnT:rfil{uta,t pressure lu perityrnpn uaillSilrnma{ mucosa duJu rioot" ea, d.,rrirbi

miiJdte fi lmpedance ,'lndu uun-nfuxfuqnzoilnnfifiruada acous{c lmminance ro,t mlddte ear

Tqsn:rnh; osslcular chatn ii stiffness drtriurdan{ruoiradr.raqjtuviT oirriurnrnnaau mrion:.rri,r1d

Copyright by Mahidol University



80

ossicutar ctrain fi sriffness ri"un..ri.dud'.niuli'nhn:.r6uflurirdfim'ldlrrfi'rrur?ls.lr;,ru middle ear

ls'rrnf{att

EMrcrunmtvadablc

de Jonge tta; Cummings (9g) Flnurm:rildsuutlnmao middle ear pressure tuudniu

n{rd'rad'r.l{lur6nfs6su 20 nu aranr:finr*rnumfinT:nldsuuila.tta{ mlddle ear pressure rnn6.t

-&atvl150 dapa (95% range) ri.rriu6,rnamirn'nurlarua qmpanogram fifioT:rur middle ear pressure

atd
tngito?l'l'ltng?

j-aevd

Feldman (2) nAml1 n:3aun'l'liltluut:s1n1fln1{nu?l:an11ildna1nEnilU1nslnn'hlnUilq

arnbi immittance ta{{nlrriulsi uannlnd acoustic immittance a".rrrlf,auuila{n'lriltmn:fla.ta1mf,

Insfi acousilc impedance ocriludnd'tuarnfiuriurJiillntta{a1mnlutn# acoustic admittance rilu

ft
zi n dlu Inu n5{ nuil5 il'] qfl a{a1n'1fi

Shankes (36, 99) nua.'j. acoustic immlttance ta{a'rmFffiaqjlu 
"ur 

canat of.:un probe tip

fu trTmpanic membrane rino"{uaqjriuan.rrurriarrdu qrun4fi n-rrrdu uacnl'rtln-uu:ttnmFl

fufizunhi acoustic immlttance ta{ ear canal volume fim:

ruJdsu urln.rdaann nrnrlf,auuila{qrur4fioln 20; rilu sz 
" 

fird acouslic immlttance ta{ ear

canat votume ulf,suuila,r;oamn nr:nldsuurjuon .ududurhiorn o tilu looo/o frtrifiruananr:

nldauuilal acoustic immittiance ta{ ear canal volume adfifiriai, 6'rgnrldn6 uErnr:uJf,suuiln.t

ta{ ear canat volume arir'lfiuld'i'or

n:"oiurirncrarfufi Hnhirfi on1flilfi suuila{ acoustic immittanoe

d'r rfu6ohi atn1:n i1 n1 acou sti c lm m i ttance dbior n nr:n o, aau

luan'rudd6orntriutfucranrtriuutrJisurfi sufiulti

Cudahy (40) ni..i. finrrroiuu::mn'lFf 760 mmHg 1n'lrlduu::sT nrfld:;durirn"ral

nurr ornrn t cc fi lmpedanc€ 1100 ohm rdafirfiEtrnrrud zeo nz }aaqiru rirrlSurn:nanoln'rf,Copyright by Mahidol University
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nlf,suuila.r impedance fio:nlfiEluuila,rhLdrs uacsirfirela.tnmlfin'r.rriulnaatrufiufi impedance ta.:

a1n1f,rilf,suuUa.:rdurTurfja.:otn impedance ritu frequency dependance uuno.nd im@ance ta.t

arnT neTofi nr:nJf, Euuila{milqsufiQfi ta.ta'ln1Fl6n;?u

Inshmsil wtbus

cudahy (40) nriT.i. rndarfiai4titunlr'n1n1 acoustic irnminance to{ middle ear

il:cnounrg e arulnql16o audio oscillator, pressure purp, ear insert, voltmeter, vedio display

uac recorder

lUnrmqaau tympanometry riutilunr:in acoustic immittance to{ h/mpanic membrane unr

middle ear lu:cu'rutat probe tip dnuru:za{ probe 6.rfizunnanr:{n aclustic immittance dra

-i'-'h-o'eerufinunufia'r6'rtrlta{ probe fr[rlunr:rn acoustic immittance 6a o;nalfi lmpedance 60fr'lr{uon'u

tmpedance morl dotiu.rriunr:firJfi#lrfi'uddari'uta'rrnia,rfiariu mtddte ear fiuiinrird'ntat probe

acn?unil impsdance tar probe proue iifiduitnrirri'Fl;ascfi impeoance u1n uuno.nd

rJ3mn:ta,:armflfifizunpra lmpedance tar probe oi.u firil3un:ta{ornrntioa probe fiA'{fi

lmp€dance rJ''rn dtrfuri'rdnuTnl acoustic lmmittance za{ middle ear Tns$rndarfiadii prooe

ruloon,0nuuasu:N'ln:fla{a'lmrflu ear canal dtri'ufio"nrhitd'rir acoustic immittance drtriufir,
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ifiiTrfiurmilnrn

m:Fl nsr n{.tdrfi u'iu X uit nfi ii nlanfru aiarasnrt4 n T:{fl snurn:rurBu d fi 
T rfi u nr:rfi uda X a

Ina{e6'u idufiuiaXafrudrfiaun:ngrnrd,rrdoufrtnrnr fl.d. 2538 tfu:csctral z tdau Infl

rfiuiapludr{rlil 7.g0-B.go u. ua: 12.00-14.00 u. tfiatornarr,'r:nlirndaffia'lummnaauki

6rsa1n onrqia6'uln'l.ianrufiua"rniarfiara.rn6finlaprri'rl'iauacnl:{n k{nsrura:rurEud

te

naui?arN

nqrnraur.rnJurinflnurtJieprgrlnatnimnmrfioilnfita.rm:danr1il?lil'ls k{t'tsrura

:rrr6ud ,irnririil:,:nEnu'laflrrGuf, oa"n{rnufiillnt?oi1in'lsnautlfrr.truotr{il:ctnd a'lq

:cni,l.t 2o-g0 fl arqrof,a 23.s3 fl tionur oo nu (120 t4) tilutnnms 30 nu (60 {) rnrtn{.r so

nu (60 rl) Inafirnru"fn'l:dnr6anrftd

1. hifiu:iakardurriu4 ri'u 4ri-'rnurn firfluori'ttu4

2. ftifiornr:r6utjrflrfiarn-uhnnr{r6unrslodruuulu{uiifi'rnrtfiuiaryania z funau

odv
mn1flnu?a{a

3. fi:"nun.r:lifiurlnfiriiofrrnr:nnaounr:liEurirsrfis.tuiqnd @ure tone audometry)

n.|.l atr conducrion teC) itmrrJd 250-8000 Hz rn'fl1'l bone conductlon (BC) iinT.ld 500-4000 Hz

fiatirirlJrfiu 2s dBHL 4namrfi (ANsl, 196e)

4. rdon:roinalfinnlnra.r{funnr.rlnsnrrnn.lau tympanometry i{net,d 226 Hz \i

type A tympanogram 1tz1 ua;fim:n:rqnflaitnfir'rdalu4firnafi (stapedlal reflex) dialirfru.:n:"{'u

o9
[u{l'l{rh m nu ua;{t1{ n:.t t1lJ
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raia.riioiilt'lunrmaaau

1. rntalfionnaaum:ldfiu (audiometer) tfiniiti'lunfifin lctinicat audiometer) do vaosen

iu oa ezz 1z'lunrmn6taun,rnllrri*ruiunrrluiBur?iu.ru3qndntl air conduction fiamlfi zso-eooo

Hz uarnrt bone cpnduction finfirufi 500- 21000 Hz

z. rn?a.rfianndau6tl::nn.rrouo4frno.o (digital impedance instrument) 6ia Virtuat iu

roo"r gro Tnali proue tone frequen cy 226 uac 630 Hz :;fiuAfliloi{ta{t?la.! 85 dBSPL finr:

rrlf,auuiln.: pressure lu ear canal riin ascending direction uacdn:rnrflrJdguuila'J pressure 125

dapa/second ruanrrrirfluro{ middle ear ffiu6leNaonil.ln'}0aanrvttflun:rTl (tympanogram) [t6tFl.l

n11d1ri'ud:sfi1r acoustic imminance fla{ middle ear riunr:rtlf,suutlaotatnrrlri'uarmnluda.rrl

duuon Insriiali probe tone frequency 226 Hz ocfior:rrrtilun:rr'ln'lrrufirur{ud:rn'jr.r acoustic

admittance rYU ear canal pressure (Y tympanogram) ua"rdati probe tone frequency 630 Hz os

fior:rutrilun:rlln':rldlviud:"nfl.r acoustlc admittance, susc€ptance, conductance riu ear canal

pressure dolni'ori admittance (Y), susceptance-conductance (BG) Wpanogram

3. rn3o.rfirurfia{a (prinrer)

fuaoulurnmaeau

1. nsaaunr:lifiulqsdtfls'Juiqndnr.r air conduction (AC) iin .ud 250-8000 Hz uas

electronics Tu OBbone conduction (BC) fin1tld 5OO-4000 Hz ririlrn€a{ audiometer fia Madsen

822

2. nndauGt1TrnRlTttan{frnua. (tympanometryl d'lumla.r Oigitat impedance lnstrument

rro 
virtual 1u rr,looa sro Inati prooe tone frequency 226 Hz :ctt-untlufi,lflotr6lsr 85 dBsPL

fim:gjdsuuila{ pressure lu ear canal flfin ascending direction Torsnlf,suuilN pressure fln -500

dapa do +200 dapa dsr:rnmrldauutlat pressure 125 daPalsecond ua"rirnrmnaaulfis:{ t n{r

uriirnnaaululd,fjaoo-,n probe tip ?tqa (seal tossl ld probo tip lu ear cana lnr,iuir6lnnaau
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i'r c + ""ruiandnrduuaiornaaaunr:rninuno{nn1llnatu{uundt (acoustic reflex) tnEltrldu . t

m:riroruto.rniTlrdalur"liTor6rlrriu (ipsitaterat record) itnmld 5oo, 1000, 20oo Hz uadi,eso

to

n:cEulurynun:it?1rJ (contra-lateral record) finflIfi 500, 1000, 2ooo, 4000 Hz

na6auflffi:nR1ma{{funat (tympanometryl Tnuli probe tons frequency 630 tn

::dunmudtra{rf,s.r firtnr dsr:T nT nrlfisuurlar pressure uarrilnrnnaaurnfiauriuriiali probe

tone frequen cy 226 nz firmmnaauloranr:{r4fionnaaurilu4utnuir6tnnaaumldunaufina.r

u.i.o i, nd.rornriu6,rnnrtour46 n;1.t

g. fildiaXam.r aomlttance (Y) tympanogrr ,du$ probs tone frequency 226, 690 llz

uaafilri{aXmo.r susc€ptance-conductancs (B-G) tympanogot riioli probe tone frequency 630

Hz Toralirnda{ printer

rn:ilnrnia{n

nfi.roTndtri tympanognm rdali prone tone frequency 226 uac 630 nz uirfisr:rurd.rd

1. shape

lunr:fintn;rfir.rm.r adrnlttance (Y) tympanogru. ,duti probe tone frequency 226,

690 Hz uffi susceptanr.-*nou*nce (BG) h/rnpanogmm rdati proOe tone frequency 630 az iu 4

a y c 
Yo taaa o

loslnldaEfi1.l:fu1o1u1u extrema !a{ tympanogram nrrifito\t vanhuyse ]la3nflt3 1st) dru::uru

grlirma.r tympanogmm lqsuanirturuta.l e)drema fl'lilei1stilnta{ tympanogram d'tuanrtugrlii

30, 31
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226 Hz Tgmoanogrem

r.50
fl ,,-J.
a

t25
I
(l

t l.(n

u o.?5
0
Eom

o:

o.0

right ear lY

630 Hz Tgmpanogram

Prob. Etfight-
Air Pr'*tre (d!Pa)

ProDe tr l-eft 

-

lett ear 1Y

m 300 4m sfi,

left ear 3Y

6.(It

! "*"_ 5_00

n
I 4.00

t
u g.m
(l

e 
z.oo

t.(xt

o.o

right ear 1Y

frras'l0nrru::arapJn'rtal admittance tympanogram ldali prone tone frequency

226 aars 630 Hz

-301 -m -l0o 0 lffr
Ar Prcsrqe (deP:)

Protr. [r left 
-

gild go
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Left 630 Hz Tgmponogrom

5tD

I

A
rl
m
I
t
t
6
n
c
I

3!0

2m

tf,o

0I,

d
m
i
t
t
0
n
c
e

181G

381G

383G

8.:-

.J s ' ' io'
?rlfi_g1 d'rastnrrn:s14ilflitm{ susceptance-conductance (B-G) tympanogram lfralf

t'- 
Trfri 
I'-l

'-t
'*l,-t
,at
ooL

-5{n

Gs:

8r:

A
(t

m
I
t
t
o
n
c
e

6rcT
mr.l

::l
.-t
,-t
':t

-5q)

probs tons frequency 630 HzCopyright by Mahidol University
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2. Amplitude

Margolis ua3nruc (100) naTrir amplitude rflun'n{nntlu6w?an tympanogram ri'rlr{ud

nu tail value

tunr:dnurn{,rdr,idnurloirarrir amptitude Toruf i'loii6itqorlu sinste-peaked tympa-

oj.'ol-.laeq&
nogram nia1nfifirfiqata{ notch lu notched tympanogram mna{x160$ri'u tait value luuurd.{orn

d.:rriuifua.r Feldman uas Wlb€r (4) Margolis uac Shanks (5) Shanks ua3 Shelton f4 Hunter

lla3 Margotis (54) unrfiarqrn tall value fla{ tympanogram fi Z a'Ga d.n.od., positive pressure

d a o-t e I

uacrtru negative pressure qflnu,6,rfior:rmltrnr tlail value nfin1u negative pressure fi -sOO Oapa

)
f,.r Van Camp uasnrw (3) Margolls un: Shanks (35) Shanks uasnrus (84) Shanks unc Lilly (85)

flnurnuer nrfll:crr$m ear canal votume nr.roiru negative pressure rfuo"loidrlnirda.rfiuririd

{n1n'Isan:.rilrnfiqn d,:ormrhiArurunr acousttc tmrnittance mit mictdte 
""r 

ldqnda{il1nnl1n1:

il::lrrum ear canal volume nr'rriru posilive pressure

Left 630 Hz Tgmoanogrom

6.CO

tfrtffiO

5.00

4.00

3.00

2.00

l.0g

0.0 -lcnl 0 100-:100 -300
Air Pressure (drPa)

amplitude ?o,it B rympanogram = 0.51 mrnhos

amplitude ?a{ G tympanogram = 3.10 rnmhos

A
d
m
i
t
t
6

n
c
e

-500

Ga:

Ba:

;rLii sz dradTtrnanlm amptnude ta{ tympanogmm finrjratilu iiafiIlai (mmhos)Copyright by Mahidol University
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3. tympanometric peak pressure OPP)

Van camp uarnnr; (s) ndrzjr Tpp 6on'nrduarnrrtluduo4dfi.lti,no peak ra{

singte-peaked tympanogram lun:diiniu notched tympanogram uuu TPP fia nruriuarmnluda.:

r1dfirhi nrlnii*rdqnza.r nor.n

,,ia6'utr"t;aenrirrunumar Tpp Insfior:$ronfi6.rii'qnm.r singte-peaked tympano-

JJJ d . 'rgram ua:1nfinnfiqom.r notch ta\t notched q@panogram ?ltnnn ear canal pressure tnd: Tnafi

fiursrilu daPa

Left 630 Hz Tgmounogrom

6.CO

rfrfftr0

5.00

4.00

5.rO

2.()$

r.00

A
d
m
i
t
t
6
rl
c
e

o.0
-500

Ga:

Ba:

-,100 -3tt0 -xn -lcnl 0 tCIJ
Air Pressure (d,iPa)

300 4@ s00

TPP tan B tympanografi = 25 daPa

TPP ta{ G tympanogram = 37.5 daPa

:rLi4 ss riraur.rnr:fiT nr rpp finrirarflu oapa
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tournrio{fntenvl

nr:frnurn{.rdirlunqlri'eaJr.riifinr:loiauunfioruru 120 { Tnanq'rri'radrtrilurinflnur

tJiruru,lln armitrnrrrfinrlnfilunT :danr1ilmilra T:ofls'rura:rmGud ,i.nri.fiItot*u'ru'ra:'rr.l

Eud uagnnrnufi mn:ro:r.rnrsnaulilrifirulum{il:srnn

rnoralr-riiarn

qifinurritiaryodtrlilerntr#Issd&J:un:rufirriqrJ statistic Package for The social

science (SPSS) aaa;itz'1unr:irn:T 
"ridalada

Aa1. n'lTagas tTlaflnul shape ?lan tympanogftm

2. ntqf,sei'rnaruatnfin (mean) uacdrurfiu"tuurnqistu (standard deviarion S.D.1 rsio

frnur amplitude uas TPP

Aa3. palr t-test rfiaFlnutGsutfiEun?luunnn'lit:fi?1\t amplitude um TPP ta{ tympa-

i o'
nogram rnalt probe tone frequenal 226 ua3 630 Hz

4. r-test rfiaFlnsrrGsutfiauntrilunnnt:v'1?'rt amplitude uas TPP ta{ tympanogram

lurnnu{.ruasrnF[t1a
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emrmilnm

a V Seav t e c
n1:n nE1 a:n u e.t ?a s tn uiu{a X ni4 nfi fi nTan#l riaua;nrn1 n T:rlt srurafl r1fi u fi Io sli:" u"

r'ra1 2 rdau nu,:udrfiaun:n0'rnld*6ouRtnrnil fl.d. 2538

n{roirad.r.rrilun{runuitfinr:loifiurlnfi61u?u 60 nu o1q 2o-so fl arqrofiu eg.sg fl dru

rfiarruumn:gru 2.67 fl Torsfirm:"r.orionu, 120 U uu{tilutflnrls 30 nu arqrofia 29.87 fl

drurfir,oruuula:g,ru 2.22 fl 6ruru oo 4 uacrflunrf,r4fi.r so nu arqrodu 29.20 fl drurfjsoruu

il'lqrsr]u 3.04 fl iruru SO 4

qrnn'r:finurldaari'td

iaua"no.4r.tir0ra.r y, B-c tympanogo* dali probe tone trequency 630 Hz lunudfin'r:

kiauuna6ruxu 120 4 liuanolilus,r:rsfi t

,.r.od t rfiofior:rurlugJtar adrnlttance (Y) tympanogr. ,da$ probe tone frequency

630 Hz lru'irgr.tirlra.r Y tyrnpanogram drulfirpritu single-peaked tympanogram (1U ua:flu

notched tympanogram (SY) rfiailfin;as (1.6%) rdafio, :rurlufllfla{ susceptance-conductance

(B-c) tympanogrum riiali proOe tone freguency 630 Hz rruerpir.rta{ B-G tytpunogtt dru

lnqjrilu rBlG (8e.2%1 mra.rrnrilu sBlG 1toz1 on#rrurioadqo'nIu 3B3c (0.8%) drugttirt

rfi a 5B3c hinulunT :flnw,nftii
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n1:1{fi 1 oaroiunn"ouogrJiro Y, B-c tympanogrm lunuf4finr:ldErtJnfitrt, lzo q rdald

probe tone frequency 630 Hz pressure direction tf,n ascending direction tt43 rate

125 daPalsecond

181G 3B1G 383G t?tl

1Y 89.2Yo

(107 {)

9.2/,

(11 14)

98.47o

(118 n)

3Y 0.8%

(1 4)

0.8%

(1 14)

1.6To

(2 14)

tltl 89.2"/o

(107 {)

10"/o

(12 {)

O.$Yo

(1 t)

100%

(120 
'4)

41fl{fi z uanqrJi.ura{ y, B-G tympanogram tunuiifinT:luifiurJnfirrrmruiruru oo 4

uarrflF{fi{{flu1u 60 tC diad probe tone frequency 630 Hz rfiafioT:rurtu$lta{ Y tympanogram

nulfiyrrttrsuastflFtfir!.JfifliT.rtot Y tympanogram tilu single-peaked tympanogram (tY) rilu

#ulnrd (98.4%) ua4tu norched tympanogrcm (s! rfiatrfiniaa 1't.z"t #orttnmuousll'lf,nt!,!)

rfiafior:ru,rgrljr.:ra.r B-G tyrnpanogam luu,trttranu'i'rgr.lirmrat B-G tympanogram firfts.r z

riinTqddruftnqjnluzfior 181G (88.3%) ua:nutfior 3B1G tfis,:lfinriou (11.7v,, drulurnnnt!.:rru

grJirm.r B-G tympanogrr #onun g tfiorTnsd'lutnqirilumn 1B1G (90%) ro{a{illfiu sete

(8.3%) uffil,rutrfin sese riauiiqa (.7vo)
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q1fl{fi 2 uda.r;auas[ar;r.tirr y, B-G tympanogram'lunufifinr:ldfirtln6,ttnms 60 { rnnnt!.t

OO 4 riiali prcbe tone frequency 630 Hz pressure direction tfin ascending direction

unc rale 125 daPa/ sec

181G 3B1G 383G :'1lJ

1Y u1g 88.3%

(53 {)

nrlr sozo

(54 l4)

71U 1O/o

(6 14)

n{.r e.sz

(5 14)

{18 -

nfi{ -

?'lEr 98.3%

(se 4)

ntlr sa.sz

(se 14)

3Y t1g -

nr!': -

ffiil 1.7"/o

(1 14)

n$r -

mEr -

rrlr 1.7olo

(1 {)

frtJ '1.7"/o

(1 14)

nfir t.zz

(1 14)

:?N

u1g 88.3%

(53 {)

t,lt{.t SOZ.

(54 14)

ffitJ 11.7"/o

r/ 14)

n{o a.sz.

(s 14)

u1a-

n{.r t.ZZ.

(1 4)

t1g 100%

(60 t)

nrlr tooz.

(60 14)
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2 amditfib ral Wmoanooram rCroliorobe tme t€qtsncv 226 uF 630 l-lz

nr:rrfi g uaruntof,u d.ulfim,uuil1n:yru ua;fia'uta.t amplitude xad tympanogram rfia

.e o ja q.o ' j.l1'[t probe tone frequency 226 ua3 630 Hz lununiln15lnmlilnn 120 { Tlu?'llljalt probe tone

frequency 226 Hz dtodu drurfis{,uuln1ar51u ua;fif,stal amplitude ta{ Y tympanognam finr

ni,riu o.zz,0.2s uar 0.94-1.65 finf,hainllfuri'u rdali proue tone frequsncy 630 Hz d.,od,

to,r amptitude ta{ Y, B, G tympanogram fin1tn1riu 2.13, 1.54 ra3 t.z+ fiafiTlnin, rlArfiu #u
i a' '

ruanruumn:slurJnlrnlriu 0.91, 0.61 ras o.9B fiadllndnrG, ri'u un;fid'sfidtririu o.g-s.8,

o.o8-3.30 uffi 0.40-5.2s fiafiINa{qrruinrTu

n1fl,rfi 3 urtmn'lraeu d.urfiu.:,uull'lq:S'ru uac fifrata{ amplitude tan tyrnpanog.at tunufifi

nr:liEurJnfi rzo 4 riiali probe tone frequenry 226 .La: ffiO Hz

tympanogram

probe

tone

frequency (Hz)

amplitude (fiafilrai)

n'lrong drurdmruu-

1r'ler551u

, fidg

Y

Y

B

G

226

630

630

630

o.72

2.13

1.54

1.74

o.25

0.91

0.61

0.98

0.34-1.65

0.80-5.80

0.08-3.30

0.40-5.28
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gram

a'lnu

s1:'I.rfi 4 udqn;'lrof,s uard'rulfis{ruuil1n:f1uta,lFn amptilude mit rympanogram tunu

)a r'o ,jql
fffinr:laEurlnntflf,ns 60 {ua3r1,rFn4t!r OO n fialt probe tone frequency 226 LLas 630 Hz 1'1u11

i o-
rfialz probe tone frequenc-y 226 Hz nlqdsuas6nurfisnluumn:51u?a{ amplitudo ?an Y tympano-

tuaufifirn:ldBu''JnA,nm.srasr1rf,firldfidrn'irfi'u o.B1+0.27 uffi o.62t0.rg fiafiIlndnrll

riiali proue tone freguency 630 nz nto6aua"d'rutfiaoruuilln:Ilutan arnplitude xa{ Y,

B, G tympanogram luauiifin'r:ldEuunfinrnzrsfinTrnrriu 2.3810.92, 1.61t0.02 ua3 2.1411.07

iafiTladnrl6rdu drulunrnn{rfin'tlirn-u t.ga+0.g3, 1.47t0.60 ua3 1.gs+0.6g fiafiTilntinrtfird'u

nr:rrfi a uan'rmrof,s unsd'rutfis'Jtuumn:S''luto{m amplitude tan tympanogram lunu

itfinr:liauUn6u'rnn{ouasrvrFttlrr riioli prooe tone frequen cy 226 unc 630 Hz

prob€

tone

frequency

(Hz)

6,uru 1r1y

amplftude (fiafihai

t1,tf,t1g nrnnQryr |lPi1r rugraar I

nltanEl irurd'liruu-

N1Flis',lu

AlrQAg iruda.iruu-

il1n:s1u

Y

Y

B

G

226

630

630

630

60

60

60

60

0.81

2.38

1.61

2-14

0.27

o.92

0.62

1.07

0.62

1.88

1.47

1.35

0.19

0.83

0.60

0.69
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lr3. rmrGglrrfi$r amolitude m{ actrntttance m tvmmnooEm fialt orobe bne fi€ou€ncv 226

uF6in Fu

h/mpanogram rfiati probe tone

frequsncy 226 ua:- 630 Hz loraliefifi pair r-test vrudrntqds?a{ amplilude flan Y tympanogram

i o' ' j q-l
rfialt probe tone frequency 226 Hz ilnruasnrr amplitude ta{ Y tyrnpanogram lilatu probe tone

f requency 630 Hz a dT .r fi u"u &r drpnr.r a 6fi fi :cfiu nn l rfia riuia sas 95 (p=o.ooo)

nr:rGsutfiruta.tnltads amplitude ta.J Y tympanogram riiali proUe tone frequency

226 aas 630 Hz Tnsliafifi pair t-test

' = p<0.05 6ofinnruornrir':riuadr.rfiriafird'rpnr.rafi6fi:cd'untlilrdofuiasnc ss

li probe rcne fr€ouoncv 630 Hz

n1fl{d 6 udn':nllHjiaurfigunrtqdgta{ amplitude Y' B' G t}'mpanogram lurnrttruun;

rnrtn{ffifintl;Auilnfiriiali prooe tone frequency 630 Hz Insliafifi t-test rrurT ntqf,ema.t

amplitude Y BaB G tympanogmm lutflnmsmnrn.rir,qduzal arnplitude Y ua; G hTmpanogram lu

nnrnns.rad'r.rfiriuf,rfrrpnT.rafifiii:cdunr.urdu*iriusas 95 (p=0.002 unc Fo.ooo n'rrufirorlu; dtu

nlqdsra{ arnplttude zar B tympanogram tutnnzrr:ra3trtfl}tdiilriunnoirtriuadrofiriuftrdrpnr.r

afi fii4triunr.rndu *iui" nas 95 (p=o.2oz)

ntodutur amplitude

(fiahTlad) t-value degree of

freedom

2-tail

probability226 Hz 630 Hz

0.72 2.13 -20.38 119 0.000
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n1:1{fi 6 mnGsurfisuzarnrtodgxa.: amplirude Y, B, G tympanogram lutnFltrsua"rnrrr,r{.rfifi

nT:liEurlnfirdali proue tone frequency 630 Hz Insliafifi r-test

tympanogram

nrtodatat amplitude

(fiaf,had) t-value degree of

freedom

2-tail

probabilitytlitf,{'lg rnnu_fir

Y

B

G

2.38

1.61

2.14

1.88

1.47

1.35

3.12

't.27

4.84

117

't 18

118

o.oo2'

0.207ns

o.oo0'

* 
= p<0.05 6o usr n orr,: riu a dt fi ria fr r rTrp nT,: afi 6fi :c!i'u nrr rl rda riuio s as 95

ns = p>0. 05 6alJ un nnrt riua dr.r fi ris fr r d'rp nr.r afi 6fi :"Eiu nrr r rdu tiuiu ua" gs

5. tvmpanorn€frb Fak prssgl]g ffPPl !o,l tvmpanooram lCmdorobs tme fiwlencv 226 un!

ffN FL

nr:rrfi 7 ua{oNmrads drurfi*totuurnn:S'ru ua:fia'sta.! TPP ta{ Y tympanogram '[u

nui4finr:bif!ilnfi 120 q ,iir$ probe tone frequency z2G aas ffio Hz nuitiialil probe tone

frequency 226 Hz dT rqf,H drurfis{ruuil1er:g1u ua"n.riuufiqorfitaTrurnfiqorzat TPP ta{ Y

tympanognm lunuiifinr:ld0uUnafid.u,irriu +o.g+, 10.71 uas 10-70 dapa nrlfirrTu rdaf i

probe rone frequency 690 Hz atofiata.r Y, B, c tympanogram tunudfinr:loiaulnfifid.trirriu

M.sg, 45.66 uac 36.00 dapa qrilelri'u d.r,fino,uuun:grufinTn'irriu ro.zg, 12-97 uffi 10.29

dapa nrrindu uacfifsrnrrTu to-zo, T.s-Ts uac 7.5-65 oapa Erufirriu
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qr1{fi 7 uds,tatods drurfis.:ruur''ln:g'lu un; fifrato.t TPP fla{ h/mpanogram 'lunufifinT:1n'

Burln6iruru rzo 4 riiali probe tone frequency 226 uas ffiO Hz

h/mpanogram

probe

tone

frequency (Hz)

TPP (daPa)

nltqaH arurfig|{ruu-

il1FrT51U

vt6lu

Y

Y

B

G

226

630

630

630

40.94

44.58

45.66

36.00

10.7'l

10.79

't2-97

10.29

10-70

10-70

7.5-75

7.5-65

n1:1{fi g uamntodsra{ TPp ?ra.! tyrnpanogram 'lunudfinT:loifiuilnfirnrttrsunsnrfi

- i o i o'llt!{lnatfl probe tone frequency 226 uav 630 Hz flul1$att probe tone frequency 226 llz A1

roduua"drurfia.:ruumn'rgrufla.r TPP ?rao Y tympanogram lunufifinT:luiEutlnfi,nnmuua:rnfln{r

id, u'irriu 42.50t9.90 unc 39.gg+11.28 dapa nrlfirri'u rdati prone tone frequency 6s0 Hz

'j'j
ntqffsuncd'lutilu.ttuuusr:Srufla{ TPP tar Y, B, G tympanogram lunufifinr:ldBurJnfirnrttrafi

ilnirriu 47.42+9.66, M.7g!11.58 uas 39.08+8.05 dapa nTrfrrd'u druurnntlrfidrn'irriu

41.75+',t1.18, 42.54+13.63 uffi 92.92+11.37 daPa snilfi'rd'u
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uam nr tqd s ua"d?u tfi a.: ruu rnn:S1u?a{ TPP tan hr/mpanog,,am tu nufi fi nT :liiu

iln6n'rffirsua:rrnntlrrfialil proOe tone frequen cy 226 uas 630 Hz

yrnpanogram

probe

tone

frequency

(Hz)

oruru 1111

TPP (daPa)

t1'{f,tr19 rnnrnfi.r

nlrang irurtis.rruu-

il1n:5'lu

n.[oaEl il?ururhJtuu-

il1nr51U

Y

Y

B

G

226

630

630

630

60

60

60

60

42.50

47.42

8.79

39.08

9.96

9.66

11.58

8.05

39.38

4't.75

42.54

32.92

11.28

11.18

13.63

11.37

o. rrrnr.tfururfirnr rpp mr v wmoanoonam rCloli orcoe tone froquencv 226 uF 630 Hz

m:t:fi 9 uda{nrn-liisurfinuFrrrof,stor TPP ta{ Y tympanogr"r ,duti probe tone

frequency 226 m! ffio Hz Torsliafifi pair t-test nri.ti.,"duta{ TPP tan Y tympanogram rfiali

probe tons rrequency 220 tn fidT riasn;drtof,stao TPP toit Y qmpanogr"r ,duti probe tone

f requency 6s0 Hz adT .rfi riui, d'rpii:"d'uenurda tiuiuuu" 95 (p=0.000)
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et1fl,rfi 9 nrnGsurfiaun.,"f,n TPP ta{ Y tympanogt"t riiali probe tone frequency 226 llng

630 Hz Inuliafifi Pair t-test

nlrof,sta.t TPP

(daPa) t-value degree of

freedom

2-tail

probability226 Hz 630 Hz

40.94 44.58 -4.62 119 0.000

rCmlioroue tone frcarcncv 630 Hz

et'l:,I,tfi tO uanrnr:tGsutfisun'ltqf,ato.t TPP ta{ Y, B, G tyrnpanognm lutndtrsuac

ryrf,fi6.rdfinr:lfiAulnArfjald prooe tone frequency 630 nz loraliafifi t-rest Yru'jrnrtofiErta.t TPP

ta{ y, B, G tympanogram turrrnflgfin1il1nnl1n'ltof,stat tpp ta.l Y, B, G tympanogram tutnn

n{.:atirtfiriu&rfrrpnr'rafififi:"ri'uarurfi.ri'uiuuat 95 (p=0.004 p0.008 uns p=O.OO1 snrtfuFiu
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n1:1nfi r0 rn:rGuurfiuuntof,a TpP tan Y, B, G tympanogram lurnf,zrsua:rnnn$,:fifinr:

ldBuUnA,iiati proue tone frequsncy 630 nz laslia66 r-rest

wpanogran . ntof,sro.! TPp (dapa) l-value degree of

fredon

2-tail

probabilityr}tflt1a n'rnnr!.r

Y

B

G

47.42

€.79

39.08

41.75

42.54

32.92

2.97

2.7'l

3.4i1

116

115

118

0.004'

o.oog'

0.001'

' = pco.os 6aunnnrrriuar.ir,rfiriafrrr{'rpn'riafififiEer"un..utdu*touiasac 95
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o
arir}ns ffflj umrorduouug

I

nr:flns'ln{.tdtilum:Flntnzuamrnndau tympanometry Tnali prooe lone frequency 630 Hz

o to 'Jo I to . ao ' - o stu{1,}1qnilm:tnsuunAludtaTq 20-30 fl oruru tzo 4 Inafi{nqrJ:;a.rdnr:finurdrrf,,r{'ariahfd

$lfl.tto.t tympanogram

amplilude 3a{ tympanogram

2.1 amplitude ?o{ tympanogram tiiad probe tone frequency 630 Hz

2.2 amplltude ?a{ tympanog""r riiati probe tone frequency 630 Hz rGsurfiauriu

ampltucle tan tympanoga rijald probo tons frequency 226 Hz

2.g amplitude tan tympanogr"r rdali probe rone frequency 630 Hz 'lunnrrttrurilTau

rfiauriurlrnn{r

rn tyrnpunoretric peak pressure 0-PP)

3.1 n'l tympanometric peak pressure Cfpp) rdali probe tone frequency 630 Hz

g.2 nr tyrpunoretric psak pressure Oppl rijali prob€ tone trequency 226 Hz

rGsutfisurium tympanometdc peak pressure 6ee1 rdald probe tone frequency

630 Hz

3.3 d. tyrp*oretrtc peak pressure Crppl riiali probe tone frequency 630 Hz

lu n'r ntr s !iliaurfi au riu n'r nrn{.r

1. taFrNls! tvmmrpomrn

HanrFlnultdarriuptiT.rto! tympanog.arn rdali probe tone frequency 630 Hz lun{ru

4'tnrgurq 2o-go dfinr:ld'Aulnfi lin'vrlri.r g5 dBSpL finrnrldsuuda{ pressure lu ear

canaf ziin ascending dlrectlon InstildsuuilrNoln -500 daPa fir +2oo daPa unsa-n:1n'l:

trldtiuuila{ pressure 125daPat second rfur^rumpLir.rm,r tympanogram firf.:mn singte-peaked

1.

2.
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tympanogram uffi notched tympanogram Tns;rfi41't$r1u;rJza.: admittance (Y) tympanogram

rruirgrlir.:mr Y tympanogram drulrnd tge.+z) rilu singte-peaked tympanogram (1y) uncflu

notcfied tympanogram (sv) rfiahtrfintiua (t.07.) rfiafior:ruTlufl.lza{ suscsptance-conducrance

(B-G) Vmpanogftm r^ru'irgrliT.rm.l B-c tyrnpanogram drutnrpulu 1BlG (89.2'lo) :a{noil'l

rilu gate 1toz1 oa#nuriaaidqnnlu 3Bsc (0.s"/01 dru;rJirnrfin 5B3G llnulunr:finur

n:nu

a &3 a
aranlrnnvrar.t[dannaa.]nun1:nnulta{ Margolis uacnilc (42) colletti (218) Hunter

ttas Margolis (54) Wilson uasnruc (64) Wiley uarnrw (68) Creten unsa$s (71) iir,,ui.

dali prooe tone frequency lnirdutriu resonance frequency ?a{ mlddle ear lunt:nndau

tyrnpanometry ornnrhftUitta{ tympanogram rfluloitt{ singte-peaked tympanograrn uac notched

tympanogram oi.tsm{fi ts toti. '124-125

ot t o
n1:11 probe tone frequency r|1nn'r1 226 Hz tummnaau tympanometry uanlru notched

V:o,A
tympanogram furfia.rotnfin1:nJfirruuila{?ta{ reactance component (X) nrrunmudta{t6ls.Jfiilrn:;
ts a ,jqutnufim:rildsuurlnoornnrau (-xd rflunrurn (xm) rfiarfirunrrrufitoords':fi ilrn:cnu[utilEfr

: 
".-- ...! v.

nlra{ rssfstance component F) lrifinffirlfisuuilao (2, 4, 95,36, 40, 41, 49, M' nflld-lr{Uo

:sl4'r1.t reactance (x) fifin'r:rrJf,Eluurlarornnraurflun'ru'lntdotfiunrT t dta{tes{fiil'lntr{uou"

resistance tnt fiHabirfin notched hTmpanogram (61) uanolndnlflindau tympanometry lorsl';

probe tone frequency tniri'u resonance frequency fla.J middle ear lrn1frlanrafiutfia nolched

tympanogftm loilTn (2, g, 4, 55) &rnfiLd'r resonance frequency ?a.t middle 
"ur. 

tfu Shanks

uac Shetton (/) uily (11, s3) rru'jraqjlud:{ 750-900 Hz a1nn1:finu1n*dt'i probo tone

frequency 630 Hz d.rrilun'rrudittnin-u resonance frequency flon middte ear or-'rrfu6onu notched

tyrp*ogtam loi
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2. arptrhrb !o" tvfiBK)o]afil

2.1 amptitude ta{ rympanogram riiatz probe tone frequency 630 Hz

atnm:Flnurn$utlrudT nrtodsun"drutfis{ruuilrn:g1ufla{ amptitude ?ai y, B, c rympa-

nogram riioti prooe tone frequency 630 Hz fidtlirriu 2.19+0.91, 1.54+0.61 ua; 1.74t0.98

mmhos snrfrrdu fi#awirriu o.Bo-s.8, o.0g-g.g uac 0.4-s.2g rnmhos snuirri'u

2.2 amplitude ta{ Y tympanogram rdaf i prooe tone frequency 226 Hz rGautfisuriu

630 Hz

Hnnr:finurn{.rdrtu'jrn'r,qf,azo.r amptltude zo.t Y tympanogram rdali probe tone fre-

quency 226 Hz (i= 0.72 mmhos) firirriaanltdrtodatat amplitude ?o,! Y tympanogram rfio'li

probe tone frequency 630 Hz (i= 2.13 mmhos) odr.rfiriafrrdrpnfiafifid:cd'un.rlrda*iuiasns 95

)r
(p=O.OOO) fl.:aannao'rriunl:6numal Wtson uarnruc (64) Wley uasnru3 (68) Himmetfarb

uncaruc (69) Feldman uas Syracuse C/0) Beattie uar Leamy (76) um Porter (90) d.rsn:r{d tO

ni't pa-tzz #odrfja'rqrn probe tone frequency ogo nz fidrlnirfia.triu resonance frequency zor
't

midclle ear d.rfinrrJtil'rtu 750-9oo Hz Q,11, 53) il'rnn?1 probe tone frequency 226 Hz ftfiruahi

t -, . o ?
[an11a{ amplitude to{ tympanogftm il1nm1 (64, 68, 69, 70, 76, 90, 94) n,lftz probe tone

frequency qoduoufirirlnirfitntiu resonance frequency ta{ middte ear'lunrmn.tau tympanomerry

ui'rtruj. amptitucte fla{ h/mpanogram iinrrurn{utfu,fjuoo.nfinmu66*du reactance ra{ middte ear

finranaolutruriiri. reslstance riuudr.rnoii (2g, M) r-rrfu rioot. ear 6rfiu:.roirunr:drorandrnu

ri"uao amptitude ?a{ tympanogram 6.rfidTmn{u

2.3 amplituds ta{ tympanogrcm lurnnzrsrGuurfi uuriuunrrtntlr

zuanr:finura{ofi'rud. rfi'ali prone tone frequency 630 Hz ntofistai amplhude ra{ y,

G ffipanograrn 'lutnrttra (i= 2.38 ual 2.14 mmhos ortrfirriu; firhrrnn'hrirrqdsmi ampntude
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nan y, c tyrnpanograrn lunrnnf.! (i= 1.88 ua: 1.35 mmhos nuAT6'u1 adr.rfiriaarriqmtdfiAii

:"dunlrurdari'uiuau" 95 (e0.002 ua; p=o-oo orufi'rau1 dlaannjatriurn:flnurtat Hall (18)

Margolis uas Heller (66) Osterharnmel uac Osterharnmel (86) Jerger ua3nr|l3 (89) Brooks (95)

iifrngnu.. amptilude ?a{ tympanogram lurnnmufinrilrnnrttnrtnt!.t tftfiLu'a.rorntnnmafi

turotmrln:raisir.rnra ear canat, tympanic membrane un; middle ear cavity lnqini'rnrnn{.r60fi

acousticadmittance?an middle ear rurnnirniafi acoustic impedance tiuuni. (26,27,75, 94, 95)

uuno.ndn.rfinu.ra{,rftinT:nJduuuila.: pressure 125 daPa/secono d.ri'nrflu slow rate 6rfizuabi

amplitude fla{ tympanogram lurndt'raunnnttlnrnnntlo d.:aannia.:rium:Finullo.l Margolis unc

Heler (66) iinud. arnptitude ra{ Y tympanogram lurflrttrsfin'l[nn6l'l{olnrtnrnf.radtfiria

irr{'r-un.rrafifiriiati rare 200 daPa/second uoirdal"i rate 4oo daPa/seccond n'l amplitude ?a{ Y

tympanograrn tuu^rnrrEiliunnorwo-rnu,rf,utlr ttrd.ruucurhili tus rate tunrmotdau tympano-

metry tfi aaonlllttnntn.tga{ amplitude tA{ Y tympanogram lUtfl nZr gua:tnnnt!'l

d,rurilqdgtar ampt1ude ta{ B tympanogram lutllnr'lu (i= 1.61 mmhos) unrwtnntlr 1X=

1.47 mmhosl nui'rhiuornsi'wriuadr.rfiriafirA'rpnrtafififi:sri'unmurduriuiasas 9s (p=0.027)

3. tvmmnqndlc Dsak otossuro fiPP)

3.1 ri. rpp rdali ptou" lone frequency 630 Hz

Ham:6nrnn{odnt,ir,iiuli proUe tone frequency 630 Hz TPP tlo.l Y, B, G tympanogram

'r ftruo,d.rfidtqf,sr;rriu 44.sg,4s.oo uns 36 dapa orrlfird'u d.raaorndatrTuagfr positive pressure 1

nr:Flnurtar Hdt uar Chancller (1) Ostergard un! Carter (65) Wiley uffinrus (68) Himmelfarlc

racnfl,3 (69) Beatfi rA3 Leamy C/6) Shanks rA3 wilson (79) ri'.rorr:'rtfi lt ni:| 'tzs t4*ui.

fiuurTrildo"rru Tpp d postrlve pressure ,tf.rdrfiu.ro.nnrfllu mlddle ear cavlty finr:uanttldau

irra{nnao,nnr Tnafin'l:unin:roru;.tnr{uaukoanlqri (cod olnriutdand mu@us

membrane rir{ midote ear cavity ua"qnflrrirtaanfitou (Oe) orn mlddle ear cavity rdr{riurf,ort

don.:or*in:".u,i.s CO2 oTnriu6aqfi mucous rnernbran" d.qi middte ear cavity fidnGnndaCopyright by Mahidol University
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pressure lu middte ear rnnn?'rm:qnfilri'rr 02 e1n middle ear cavity rir{riurf,aa si.rrfuftrruiT

pressure lu mtddte ear cavity rilu positive prsssure (2g, 24, 25) uuno.ndn.:frnurn{.rflinr:

nlfinuuilal pressure lu ear canat tiln ascending direction dofirn:nJdauutlal pressure tln positive

pressure rilu negative pressure ftfiuurhiliio:tnu TPP fi positive pr"ssrre 1d (1, 3, 60, 68,72,

7e)

g.2 dr rpp rfi'ali proue tone frequency 630 Hz trJisurfisuriu zzo Hz

zuarn:dnurn{odt^ru'i.d.,qdsz"t rpp ,duld probe tone frcquenry 630 Hz (i= 44.58

Oapa) fidrdroo.nn.lof,uta{ TPP rdald proUe tone frequen ey 226 Hz (i= 210.98 daPa) ad'rofiritl

&rdrgnT tafi fi fi':"ri'u nrrt rtia *iuiu sa" gs (p=o.ooo) ar a nr:6 n ur nfidau r n iuo fu nr:6 n urt a.t

Shanks ra3 wilson gz9) fiflnu.ttui.n t

dnri'ufi arabirfi s rpp iiArumri.rdtfi'uftii

Van Camp ltasarus (3) Decraemer uasn[u3 (60)

nsdau tympanometry laali proOe tone frequency

l-^
tua.tolnq$dlun vrscoelastic ?a{ tympanlc membrane uac soft tissue tu rniddle 

"", 
dtrlalutn

' ^' 
j t l.-- o

noUdUA\t nA Cl{n il1 nTrnU nnU n

g.g d.r rpp ?a{ y, B, c tympanograr riiali probe tone frequency 630H2 lulildfiB

rGsurfiaurTurfiFlt4fi.t

aranl:finmn{odtnu'j. rdat'i proue tone frequency 630 Hz nT rofiszod TPP za.t Y, B, G

tyrnpanogram lurilrtma F- 47.42,48.79 uar 39.08 daPa nrlfiT d'u; finren.lalnrnnn{t (-x= +t.as,

42.s4 \ar 32.92 dapa mufrrri'u) oeiT.rfiriafrri'rpnToefi6fi:;d'uatru,iiu*tuiasar 9s(F0.004 p=

0.008 p=0.001) nurdrfialorn pressure lu rniddle ear firn:tildsuuila.ttilurlfinrnlorun:oriu

il3rrsrma{ mu@sa'[u mioote ear cavity (96) oiorfurnnrrsdifin:clnnnfi:ucua4urn3a.! middle

ear caMty lnrjnirnrnrnt!.r6mrofiGyrn:tad mucosa lu rntoote ear cavity oirlriufiarnhi middle ear

pressure turnffirsntornnrnvrnild
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a:rlHnnrt;lnYr

t. pirtta.r rympanogram rfi'ati prooe tone frequency 630 Hz lunuiifim:loiAuUnfiutu

fia"nuru"tilu#{ single-peaked unc notched tympanogram Tntlri'luandu:rJmt polar notation astfiu

single-peaked tympanogram (1Y) gg.az' uasrf,u notched tympanogram (3Y) 1.6% riruanl'lu3rJza.l

rectangularnotation o:tilu singte-peaked tympanogram (1B1G) 89.2olo udcrfiu norched trympanogram

't0.8./" (381G 10% 3B3G 0.8%)

2. amplitude ta! Y, B, G tympanograrn riial; probe tone frequency 630 Hz fin,1qf,auac

'jarurfis.rruurJror:grurmfu 2.19+0.91, 1.54+0.61, 1.74+0.99 mmhos n,rrufuffu

3. rfiarrlisurfisumtaf,stao amplitude fla{ Y tympanogram rdoli prooe tone frequency

226 ttas ffiO Hz r',uir ntodato{ amplitude ?a{ Y tympanogram riia'li prooe tone frequency 630

Hz (i= 2.13+0.91 rnrnhos) finrvrnnirrirtqdsto't arnplitude ?a{ Y tympanogftm riiald prooe tone

frequency 226 Hz (V= 0.72+0.25 mrnhos) adr.rfiriafirdrpnT{efi6fi:coiunr.u,do*iuiusffi 95 (F

0.000)

4. rfiouJiuurfisun'uadsta.: amplitude ta,r Y, c tympanogram riiali prooe tone fre-

quency 630 Hz lutytnmaun;ntdmr!,t nurr ntqdtma.J amplitude ?o\t Y, G tympanogram lurnfl

tru 1i= 2.3810.92 lla3 2.14+1.07 mmhos) finrrurnnrTrnnrn{t 1-x= 1.8810.83 uffi 1.35+0.69

riu:asas 95 (p= 0.002 p=0.000 ortrfird'u1

d.un.,oAimm amplitude to\t B tympanogram riiali prooe tone frequency 630 Hz

lurnrttrali= 1.61+0.62 mmhos) lluornorrrornrnflfid.t 1i= 1.4710.60 mmhos) aiTrfiriafrrrirgnT.r

afifidrsoiunl.udariuiuuas 95 (p = 0.207)

5. TPP ?a.t Y, B, G tympanogftm riiali prooe tone frequency 630 nz firiraqjfi posttive

pressure ,,oor4r, Insftdtqdsuardrurfiu*uuuongrurnrriu M.sg+'ro.7g, ,45.66+12.97 urw

36+10.29 oaPa nuArdu

6. rfianJisutfisunrtof,stor TPP ta{ Y tympanog.ar djati probe rone frsquency 226

uac og0 Hz flul1 nrtqdsza{ TPP to.r Y tympanogam firiradfi positive pressure ri.r z nmud
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t' A A
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z. arofiT n,:finurTnsli prob€ tone frequency il1nn?1 630 Hz rfiomdr resonance
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J
?tu

3. n?rfin1:anMrdarriu:csfi3fi?'l{ outermost e}.trema ta{ notched tympanogram t!nn3
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5. nr:finr:6nurrfiurriun'rflodau tyrnpanometry Toru'li prooe tone frequency 630 Hz lu
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50.0

55.0

37.5

70.0

45.0

65.0

50.0

52.s

52.s

65.0

40.0

45.0

40.0

52.5

30.0

50.0

40.0

40.0

37.5

10.0

37.5

55.0

40.0

47.5

50.0

37.5

40.0

40.0

37.5

37.5

37.5

s0.0

37.5

37.5

40.0

35.0

40.0

50.0

37.5

65.0

40.0

50.0

50.0

s7.5

37.5

37.5

22.5

22.5

37.5

37.5

37.5

37.5

3s.0
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trlfl{fi 11 ialahuuanrm amplitude un;n'l TPP ?a{ Y, B, G tympanogram tfiali prone tone

frequency 630 Hz lun{l#rad'wt1rf,t'ltt (eta)

c -Jnlqun a'rq

dl)

n'l amplitude (rnmhos) Fr1 TPP (daPa)

Y B G Y B G

729

d30

21

26

2.30

1.80

1.40

1.45

2.20

2.70

1.20

1.n

1.35

1.05

1.25

0.80

55.0

210.0

57.4

42.5

57.5

40.0

s0.0

55.0

37;5

22.5

37.5

40.0
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1?O

a1fl{fi 12 iaXafiuuarnm amplituds uffim TPP mn Y, B, G tympanogram rfiaf i probe tone

frequency 630 Hz lun{ruri'ra riT .ttl^lf,fi di

nlnun a1q

(f,)

nr amplitude (mmhos) rir rpp (daPa)

Y B G Y B G

ru1

ru2

fu3

6p4

fu5

ru6

ru7

fu8

ru9

ru 10

ru 11

ru 12

fu 13

fu 14

EU 15

20

20

23

20

21

20

26

26

26

28

20

20

20

28

24

1.20

1.60

3.20

2.70

2.40

2.35

1.25

1.32

1.30

1.10

1.50

1.20

2.80

2.45

2.10

2.00

2.65

2.10

1.40

2.20

2.15

2.00

1.80

2.20

1.35

1.45

2.10

2.OO

2.30

1.90

1.'t5

1.2t0

0.60

2.25

1.95

2.00

1.10

1.15

1.20

1.00

1.30

1.10

2.10

2.05

1.85

1.85

0.15

1.90

1.15

1.80

2.O0

1.90

1.55

1.80

1.25

1.30

1.70

0.40

1.90

1.65

0.70

1.10

3.10

2.35

2.20

2.10

0.80

1.00

0.75

0.80

1.10

0.80

2.30

1.60

't.20

1.30

3.50

1.80

1.20

1.85

1.50

1.20

1.40

1.60

o-75

0.85

1.70

2.55

1.80

1.20

45.0

45.0

22.5

35.0

40.0

45.0

40.0

37.s

40.0

37.5

52.5

50.0

40.0

50.0

40.0

40.0

55.0

50.0

37.5

37.5

70.0

50.0

40.0

37.5

50.0

37.5

50.0

50.0

40.0

22.5

s0.0

50.0

12.5

40.0

52.5

52.5

40.0

40.0

37.5

40.0

50.0

52.5

40.0

50.0

40.0

42.5

25.0

52.5

52.5

40.0

70.0

55.0

40.0

40.0

52.5

lm.0

70.0

40.0

40.0

22.s

20.0

40.0

25.0

20.0

37.5

37.5

20.0

22.5

37.5

25.0

50.0

27.5

22.5

50.0

37.5

20.0

32.5

37.5

37.5

40.0

50.0

37.5

40.0

40.0

37.5

3s.0

50.0

37.5

22.5

22.s
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anogram rfia'li proOe tone

otv'
frequenry 630 Hz lunqud'raar{tr{Fl}1tt{ (na)

alnun a1q

tflt

nr amplitude (mmhos) nr rPP (daPa)

Y B G Y B G

fu 16

fu 17

ru 18

fu 19

fu 20

fu 21

w22

fu 23

tv 24

6U 25

I $26

I

| 'rn
II rues

II ruzg

II ruso

29

22

21

20

23

25

23

21

21

22

30

27

23

24

23

1.20

1.80

2.30

1.70

2.45

2.80

1.73

1.70

1.30

2.30

1.00

1.10

1.30

1.30

1.50

1.70

1.30

1.15

2.50

3.50

3.70

2.30

1.07

1.03

1.35

1.50

2.50

0.80

1.45

1.00

1.15

1.60

1.90

1.50

2.10

2.50

1.50

0.90

1.20

1.80

0.95

1.05

1.20

1.25

't.43

1.60

1.10

1.00

2.20

3.00

3.30

2.00

1.00

1.00

1.25

1.35

0.60

0.10

1.30

0.90

0.50

1.15

1.75

1.00

1.90

1.80

1.20

0.75

0.95

2.00

0.40

0.50

0.80

0.6s

0.75

0.90

0.90

0.75

1.80

2.s5

2.&

1.55

0.55

0.50

0.55

0.90

2.00

1.70

0.85

0.65

I

10.0

22.5

25.0

50.0

35.0

40.0

70.0

s0.0

50.0

50.0

40.0

35.0

50.0

30.0

40.0

50.0

s0.0

65.0

40.0

37.5

2..5

37.5

42.5

37.5

27.5

37.5

40.0

37.5

40.0

40.0

7.5

22.5

25.0

50.0

40.0

55.0

67.5

70.0

52.5

50.0

40.0

40.0

5s.0

40.0

40.0

50.0

50.0

67.5

37.5

40.0

10.0

40.0

42.5

37.5

22.5

40.0

25.0

25.O

40.0

40.0

7.5

22.5

7.5

50.0

27.5

37.5

50.0

50.0

40.0

37.5

40.0

35.0

35.0

20.0

25.0

35.0

50.0

50.0

20.0

40.0

7.5

37.5

22.5

22.5

20.0

20.0

22.5

30.0

40.0

40.0

I
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tnaHrnn !

ram rdali pnooe tone fre-

quency 226 Hzlun{ruri'radT ntilFtrltl

nlnun nr amplitude

(mmhos)

dr rpp
(daPa)

o vA
alaun nr amplitude

(mmhos)

nT rpp

(daPa)

T1

72

r3

T4

z5

t6

77

z8

s9

110

!11

x12

{13

414

t't5

1.20

1.35

0.86

0.94

0.58

0.50

0.70

0.84

0.80

1.10

0.51

0.51

0.50

0.55

0.88

0.88

0.65

0.85

0.59

0.74

0.63

0.75

0.53

0.74

0.70

0.78

0.79

0.98

0.87

1.12

40.0

37.5

35.0

22.5

37.5

37.5

40.0

37.5

40.0

50.0

32.5

22.s

50.0

50.0

50.0

65.0

37.5

37.5

52.5

55.0

40.0

ln.0

50.0

37.5

55.0

50.0

50.0

65.0

s0.0

37.5

u16

a17

a18

119

a20

a21

a22

123

a24

x25

726

x27

x28

?I29

r30

0.59

0.83

0.84

0.94

0.94

1.04

0.50

0.60

0.65

0.50

0.73

0.60

't.N

0.80

1.65

1.55

1.20

't.20

0.78

0.73

0.50

o.75

1.15

1.15

0.64

0.48

0.65

0.53

0.58

0.68

40.0

50.0

40.0

37.5

52.5

40.0

50.0

37.5

52.5

37.5

52.5

/10.0

65.0

37.5

40.0

50.0

40.0

37.5

37.5

37.5

25.O

20.0

37.5

37.5

45.0

40.0

55.0

20.0

40.0

50.0Copyright by Mahidol University
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nr1{fi t4 iaXaf,uuamnr amptitude uasal TPP ta{ Y tympanogram riiald prooe tone fre-

quency zia nz lun{ld"radrtwrmnt!.t

n'lnun mr amplitucte

(mmhos)

n1 TPP

(daPa)

alnun a''r amplitude

(rnmhos)

N'] TPP

(daPa)

6U1

ru2

ru3

ru4

fu5

fu6

ru7

ru8

ru9

fu 10

ru 11

w12

6U 13

su 14

ry15

0.43

0.50

1.00

1.00

0.70

0.55

0.40

0.43

0.45

0.54

0.53

0.rA

0.7s

0.68

0.91

0.66

0.87

0.69

0.55

0.60

0.75

0.68

0.68

0.65

0.52

0.5/

't.00

1.05

0.71

0.57

57.5

s0.0

25.0

25.O

37.5

37.5

30.0

37.5

lm.0

40.0

52.5

40.0

40.0

50.0

42.5

32.5

40.0

37.5

40.0

37.5

50.0

50.0

40.0

40.0

50.0

37.5

70.0

50.0

2'5
8.5

ru 16

fu 17

a 18

ru 19

ru 20

ru 21

FA 22

ru 23

w24

fu 25

fu 26

tv 27

ru 28

rU 29

rU 30

0.34

0.46

0.83

0.55

0.s6

0.73

0.65

0.55

0.4i1

0.37

0.38

0.48

b.ea

0.48

0.s4

0.58

0.65

0.53

0.83

1.05

0.88

0.63

0.45

0.39

0.48

0.61

0.s8

0.98

0.45

0.38

25.0

40.0

2.5

s0.0

40.0

37.5

37.5

40.0

50.0

35.0

25.O

40.0

50.0

30.0

50.0

55.0

s2.5

65.0

40.0

37.5

10.0

40.0

22.5

22.5

2'5
32.5

37.5

37.5

42.5

s7.5
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rnaHurn n

n1flnfi 1s uda{arnrn:;lnulfia, rTufl:.,rzu.r g/mpanogram rdali prooe tone frequency nrlg

qifinur nnrnlagl{ probe tone

requency (Hz)

pressule

direclion

@le

(daPelsec)

aranr:finu'l

Margolis

uffiarus (lt())

Colletti (46)

Hunler ua;

Margolls (52)

10 AU

a1q

2s-41 fl

20 r1

220-910

200-2000

220-2000

+l-

-l+

+l-

+l-

a

10

15

plir.rml BG tympanogram 
I

I

finr:rrlHsuuila.ro1n 181G, 
I

I

3B1G, 3B3G nurfirfru ua; I

1lu Y tyrnpanogram rfiu sV 
I

:l
rfia eo tympanogram tflu 

I

I

tiin 3B3G I

?dTr{flan BG tympanogram

fi nT :nldsuurjnrmn t gl q,

3B1G,3B3G,5B3G nrl6r-

d'u unvnu Y tympanogram

lflu sY rfia BG tympano-

gran riluriiet 3B3G, 5B3G

fintn impeoanco tympano-

grt d tow trequencyld v

shape fi ttoo-tgoo nz

ldw snape d ttsoo H.

tn A shape

grlirma.r BG tympanogram

fi nr:njdauuilan$'rn 1 81 G,

381 G, 3B3G,5B3G nT lfirdr.l

. 
= h'tri:arJi
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n1i1{fi 1s [dn.r6nn1:flntnrfiurriugrJittar tympanogtam rda'li prooe tone frequenw d.lr(oiul

r.rfinElo
na:Jn?aglt probe tons

requency (Hz)

pressurB

direction

rate

(daPalsec)

rJnn'l:6nr{1

Wilson ua;

nffi (62)

Wiley un:

aflrc (66)

Creten uag

n$s (69)

n1:flntrr

nfnu

24 AU

A
olgtoag

25.6 fl

?1€{ z ri

d1s 50 {
a1q

20{0 fl

mrlr e+ nu

ma 20 nu

a1q

20-29 f,

nfi,! 60 t
x1u 60 {

a1q

20-30 fl

226,678

220. 660

220,660

226,630

-l+

-l+

-l+

25

50

20

125

226 Hzld lv rlnnu

678Hzld tete ts nu

3B1G 7 nU 3B3G 1AU

5B3G 3 nu

z2o tlzlri rvrare rooz

660 Hzld rero 75.8o/o

3B1G 17.4/o SB3G 5.5%

SB3G 1.2/.

2zo Hz16 tatc too'2.

660 Hz bi reto so.az

3B1G 28.1% 3B3G 6%

5B3G 9.1%

226ltzloi tv too'2"

630 Hzbi tate as.zz

3B1G 10olo SB3G 0.8%
I

I uasvru Y tyrnpanogram rfiu

I

lsv o.s. 0.8% riia BG
I

I

Itvrn*oo."r r{lu sate
I

I ua: gBgG nrrfirriu

'=hoti:arli
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!

tnaHu?n {

,nogftlm tfiati prooe tone

frequency 630 Hz fi':alnir6s.l

arf,nu1 rarnlag1il rrobe tone

frequency

(Hz)

pressure

direction

rate

(daPal

sec)

ear canal

corec{ion

arnnr:6nur

(mmH2O/rnrnhos)

Wilson ua;

nfll8 (62)

Wiley uar

arw (66)

Hlrnrnelfab

ua3anlc(67;

24 AU

J
alqraas

25.6 fl

2s3 {
a1q

20-30 fl

90 nu

a1q

t8-30 fl

226

678

(singled-

peaked)

678

(notcfied)

220

660

220

660

-l+

-l+

+t-,-t+

25

50

nn mrnnos n

peak - a1

rnrnhos fi ear

canal pressure

-300 daPa

n1 mmhos n

pean - d'r

.;
rnmnos n ear

canal pressure

-250 daPa

n1 mmhos n

peak - rir
.;

rnrnnos n ear

canal pressure

-200 rnrnH2O

Y = 0.67*0.17

Y = 1.86t0.63

B = 1.3210.39

G = 1.36+0.56

Y = 3.7511.36

B = 0.32t1.24

G = 3.22+1.29

Y = O.74iO.N

Y = 3.0611.72

B = 2.09+1.05

G = 2.24+1.36

Y = 0.6*0.3

Y = 2.15!'1.02

B = 1.29*0.66

G = 1.65+0.99

'= hld:nrli

Copyright by Mahidol University



127

!

on:,r.rfi 16 u6tnitatnn"t:dnurrfiartiunr amplitude ta{ Y, B, G tyrnpanog""t rfiali probe tone

frequency 630 Hz nialnirfitr{ (dal

{flnr*r 1Ailn',taglt rrobe tone

frequency

(Hz)

pressuIe

direclion

rate

(daPal

sec)

ear canal

conection

aranr:finur

(mmH2O/rnmhos)

Feldman

mc syftr-

cuse (68)

Beattie ua:

Leamy g4)

Poner (88)

n''rrAnEl

n:{u

100 {
j

a'rqroael

25.6 fl

nrlr ts nu

t1s 7 nu

01q

17-2s fl

nfi,r zo nu

o'lq

60-78 fl

18 AU

a1q

18-40 fl

ntlr so 4

r1s 60 t
I a1q
I

I

I zo-so fl

220

660

220

660

660

220

660

226

630

4-,-l+

4-,-l+

-l+

30

30

125
-d

n1 mmnos Yl

peat< - rir
j

mmhos n ear

canal pressure

-400 daPa

Y = 0.33 iw o.ss

Y=t.38fu4.5

B=0.9fu2.+s

G=tfit+.2

Y = 0.83+0.04

Y = 3.zlilt2.04

B = 1.46+'1.3

G = 2.6911.9

Y = 5.2513.5

B = 2.41+3.5

G = 5.04+3.39

Y = 0.79 (mean)

Y = 2.93 (mean)

B = 0.1*0.48

G = 2.7511.01

Y = O.72!0.25

Y = 2.1310.9

B = 1.54+0.61

G =1.7410.98
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urtn{atanltdnp'tdsrfiudl TPP ?a.l Y, B, G tympanog."t ,du$ probe tone freguency

630 Hz fi3alnirfis.l

tnnflu?n r

ta

zunnH.l nailnlagfi pressure

direction

rate

(daPa/sec)

zunn'r5flnu1

(daPa/mmH20)

i{all uns Chandler (1)

Bess uac Humes (33)

Ostergard uac Carter (63)

Wiley uas ntu3 (66)

Himmelfarb uacnfll; (67)

lBeanie ua; Leamy fl4)

182 au

2534 
|

I

a1q 2040 fl 
|

Is0nu 
]

fl1ct 18-30 fl

*{o ,, uu

u1s 7 nu

a1q 17-29 fl

n{{ 20 nu

a'lq 60-78 fl

24 AU

2e.sfl

nfi{ 60 {
ms60{

a1q 20-30 f,

-l+

4-

-l+

-l+,+t-

-l+

+l-

-l+

4-

-l+

+l-

-l+

50

30

30

125

170

-1 10

-1oo fi.i 40

50

11.8

B = -5.7 fu ss.s 
Ic=-sofi{so 
I

I

B = -3.9124.2 G = -9.8+23.3

B = -10.9*28.1 G = -12+n.2

le 
= -v.z+ze.e G = e.7t30.4

le = -za.ztz3.8 G = 11.3+35.2

| 
,ono,,

| 
-etutz

I 
t = 44.58*10.7e

I e = 4s.66!1z.sz

I u = 36*10.2e

'=bfuh*nrli

41491
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