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DAORUANG BUNYARAKYOTHIN : TIIE NORMATIVE STT.]DY OF

CIIARACTERISTIC OF IIEARING IN NORMAL NEWBORNS BY USING TIIE

AUDITORY BRAINSTEM RESPONSE. THESIS ADVISOR : CHEAMCHIT TTIAWIN,

BS., M.A. SIRIPARN SRIWANYONG, BA., M.S. SI.JMALEE SINGHAMYO\4 B.SC.,

M-Sc. 87 p. ISBN 97+589-2114

The purpose of this reserch was to study the normative data of characteristic

hearing obtained from newborns who were not in high risk register by using Auditory

Brainstem Response ( ABR ). Twenty - two males and twenty - two females, normal healthy

newborns, age I - 3 days, served as the subjects for this study. The instrwnentation used in

this study was NICOLET Compact Auditory Version J.l. The stimuli were clicks presented at

the rate of ll.4 per second- The intensity was afienuated at 80, 60 and 40 dBnHL The filter

setting was 150 - 3000 Hz. The polaxity was rarefaction- Two thousand sweeps were utilized

for each run. The time window was 15 milliseconds-

The results of this study reveal that the morphology of waves I, III and V are clearly

identified. The average ABR Threshold is 33.85 dBnHL (s.D-= 4.43, z s.D. = 8.86). The

mean latencies of wave V at 80, 60 and 40 dBnHL are 6.9, 7.53 and 8.32 milliseconds,

respectively, which are significantly different- Also, the results of the mean latencies of

wavesl, m, v andthemeaninterpeaklatencies of waves I - ru, III - v, I - v at 80 dBnHL

in male and female subjects are not significantly different. The results of this study can be

used to estimate hearing threshold in newborns.
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Nation Institutes of Health Consensus Statement ) r#ud'lufiaud#ildqu?1 nltiinltslt?0
,t,t-9

nr:ld0uuruden:oltur6nu:nrfievtrnflu (s, tB, 20) tilcofl fl.a.tgsg Blake ttdu Halt 1;

firnr:dr:ro luigrirr 1 fr rJ:vrvrcei,ligorruFnl ,$1uxu so ig uumfinr:frodoltJtttotu
- Y A a t ! . 

-t bto o

R't:eti?0R'ttlo0uuuurTon:ollurdntr:nrfinfifinr?utdu{nont:qqrfrunr:1n8u 6ruru 26

ig

(MCtt)

dd 4 o 4 4 ' q
firfinquuanuaeqfi{ilrn 6ruru l8 rru u?o ss.tEo frrarulnryilrrsrfiilrvifroonfru

oo- 
" " ^ao

ry 
i fru l e :'r r :'r ru a6 si^ lu n 6fi n l asr du rTau a v n r : q n -

il n.q,t990 Brook leirirnr:dr:?0lt{flt'ruradfiunrun Neonatal Intensive care Unit

,$ru'lu 553 urlir r{rt?ll:{ilurrrafifinr:1ilrj:,,nrruRr:el:?0R1:ld0uuuurio

n:or fi fi r s l qo rmyldnr:yrodorl fl 'r: ld8u:vd'u rnuar,tutflurn$orffsdlfi iunlter:rtfi dl

ESVo (2O,21)

lurhvrvrnlnu0'rR:1u{runrsdtu$rrJfrri6nr::v6'uurfi tdoo,tu'rn"tuR1:?1{rmu

unrrrfrrdoio.rfiu4nu ')n n.?t.zsz6 1d:'ru:ua66narrufiorJnfinxnr:lui0rlrrytitu olo

l:rriuuuuyru"{.rduriu lduri Iruur,1ilmr1il1f;il6 ffi:rsuururn l:tnururafltvil{qa

roi'r o rras l:rvl€Jruraqma{n:ar" lus:rfl vt.?t.zszl - vt.?t.zs?s Hua?tilfieilnfimrl

or:lpiOuuuurJ:varvrqrdoru fid'n:rrodu 48.3tvo uasdr!ilqq.rqo 6o n'rrufio:Jnfim"rirR1t

lriAudrflururusrdrrfin fl:rdn:rrnd u B.rovo (22) ur:q ffiilrfis rrauflorv rzzl ldflnur

:crrsimurro{nufin1:,,urryq.rulg1urJ:vrvralnu ruiofl u.?t.?szs nil?1 finurflulu t.:l
d ' jd '

r4frt z.or uas rd?nr?R 0.65 sroil:vsrn: t(m nu ltasdlnrtEto{nrstjr,ru?nfitiluur$sl
o a a{9
rirrfrn fidn:rqrfu slvo unsdrurunuqilu?nfi loriuuilfifiofirfiot ro.r3voo'rnR'rt

a q ' h n' 
' 4 q u ct o 't 

I

il:vqrudrnarr "lory.rruudrnlrudrrTryro.rr1rymt4mu'rn nr:drtioinurnr:rJorriuuaviilu{

dilrronlulrigoduu,ru',ruu q6or:r rJ:varuqt rn>Iirruouus?r rdod;iurril:rriuu
9 r -Y I t I Y

d'runflu:nnr:lnf,unr:n:?0n'r:1e0u uavf,inarerrnr:fiuljaru::anruosrsfiil:vfrminrn
It9-L

ruasqnqo{frur?arovv?ulirlu16n4uuenarrur:oqnln flailt q6n:r il:saruqt uav
'I
u o 4 d ,'o o d i qa 3 u q e

rf Brv (23) ts mrnr: fl n u rn rrvqrgriiun r: lns-u lu rd n fr ilr: e tar dufr o rfr oristuo: riu I oslry
vv

fl lryrodoilnr:lo8u:vsiunruaruollurdnorfl s r6ou-s {l,8ruru 3 l t1CI ornnr:finurlllr?'l

, J rt a
5sfi?1{9t{ftt:fls?.$ 1-5 toolJCopyright by Mahidol University



I:rnsrrura:rrurird du,,,iO n.?1.2s32 - 2s37 nuilqilifiol:qtyrtlunmld0u tiotdnuat

qifrqi drfrsr{lunr:qqrtlunr:1d8u,roi,i't,finfi{ruau l,l2l fru u?oil:surru tgz nusroil

n.uu1qd,,iuilriilnr:fl:'lon'trld8ufid'ld orqu:nrfio -l te^ou 1nr:ntt:ntfio) frilufirurnr:o

olrl l-tl rn^ouliunr:n) fi'$ruru o.MVo oltl t-2 fl tt to^ouqiutotrvttotv) fi'$ruru

14.63% o1q 3-5 il rr rn^ou(nouiuriuu) fidruru 2e.25vo u'tqorot,t o flduhJtiut€uul

fi6ru:u 5s.6BVo ornafifi'6'lnu',ra't*,',ruorrnuuldir oriuuudqqrilsnr:l;Ouusrrlrtfio
nn_ , a - E I t Y

ovlofunr:r':r,rl,rcioIounr:durJarJ::oRlTryr'nnrrln6uarulnrgoglunquoTluniurioufiu

lil uavnuto{a{ilr donqruoouiu6uu

Iesvi?lil n r:ne dolr fl 1:1d'8u1urd nrfr n fi nr: rJ: sfi una z if; fi o

t. nr: il : vffi u fl nln u n r: frltn or n qfi ni 5 u R 15 st ou au ot tl o.t td fl (Behavioral -

Observation Audiometry nio noa)
I a s u'o - a 4

2- R1:il:rruU9{A t9U ttJ9rO{O',lf,UT{qnniiilRlt9lou6IuCI{11CI{l9R

@hysiologic Hearing Tests)

1. RtrnodounrtloEulasilrsffi uamornRrtffctnotnqfi nrruRt:nouauos

ruluiGdrirn',rnoamldi-ru uas:rsrf a lourffehJrinlifi'urdnolq 6 r6ou- r il

drlur6nrrs,asv?{o'rq ovfinqfin:rilRrterouduotdhirnffoufi'u o, g, 24, ?s) drnil
wqfinr:rununoilduo{ilou6nu:nrfi* lduriorr"rqu tt*" reflex) tlauRttR:sniustr

da'.1
(Eyebtink reflex) rfinu:nrfroousrorlduo{srorfrur (Noir" maker) fid'E:Jrrrurar 50-70 dBsPL
Y " n 

^ ': d -iou' ad i<url d Y

n'rn:serug?urfluirrllrR?'ru raR?uurJR rilflollduo.: i6noaournluu0.rr trutnrurvnrvlryfr'u
qJ a e a .r A bo 4

rfrnrr:nrfrn nr:rvnr:drrnnuqfin::rufinrrrunarnrn6ouloqtdt q-l+Eo (3, g, 17, zt, 26)

drriu Jacobson liltirilo.luoulmuu^uulids xJVo tmyffinedorlurllldlualultuuilana
9t 9 t t I

ln 4t d h a d q b ^ 
q sq _

t9?1iln15qlqr6lUn]: [AUUnTt|lir l0 ttayfl?lUdlil1:0yr1{R',rr t9UUOg lU:VOlJ lFr (9, l5) rtAV

nqfin:rrunr:oouduorrlrecrdnHl;rfinduornnrrorrqrirurduuf;srour{rdsr uuoo',od
9rtt

n?rrJdrrJ'rralunr:sroueuor f,ifiuogfiujfinravrar:'r.irR'ru uaen?rililrout o.:cnloir
9.999t

(cerebnat tunction) dnsrru (n, zg) uavrfofirnr:n:vogunr0rf,u{.fir6ntvvru?r rdnrin

lrunounouauuu,duuolnrfi afl ?ril taelf,u lqrg : @arly habituation) (21 )
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z. Rl?nocrounrr'lnEulosnlun os orfiunqfi n::ruRltetoufluo{

r{tunr:sr:aoIssl;rndorfiod16nlvrrfi nlunr:sr:.tnrrld0u @lectronic-

Ad
instruments) frtfiflAfUgfiO tUU Acoustic Immittance Audiometer, Auditory Brainstem

Response (ABR), Crib-O-GranU Auditory Response Cradle tldUOtoacoustic Emissions (OAEs)

"litltym0vtoflAl?CI{mulnt:gl:?0lnuli Rcoustic knmittance Audiometer tl0v ABR fftfi

rdolorn rilurnfolfioiintriu{trofifi nlasrduriauavnr:4nI:lnurtra:lil1f;il6

2.1 Acoustic Immittance Audiometer t{l u tnf o t fi odldvre dou fl u: : ttR'lvl I o {l E

#ooulu nt:mndouil:gnoud'lu Tympanometry, Acoustic Reflex Threshold ttd3 Acoustic

i o I 
I 

' 
I h,' t

Reflex Decay Rtrytgdoufrfr1il1rttdrilril:vfiunr:ln8uouNn:1? 1 loltn Acoustic Reflex

rhreshold uqlilrfirulsdrniulio:?onlr1;8u1urdnu:nrfiq rfi:rsfi;odrrTsrdolornlurdn

rr: Rtfi nul{nuf,{'lilfi nr:nou rluoittoit Acoustic Reflex Qo, 24)

2.2 Auditory Brainstem Reponse (ABR) r{lurndotfronndollRlsfil{1u1fo{

rJ:yarmnr:irL{rrdu{ unv:srJUilrsarvrnr:kiOulu:v6'urirudilo.ir R'r:vrflGrouuasR'r:

riufinnarJfrniurnr:nou6ruo{d'rilr:arirlnlnunr:1d n""*0" fiofiu?nflflfifl:uv uav

il5t?AlfltUAfl Mastoido dlrrl uif; vrsr ou u dtnl ldi le,fr uq ? R uav hl{t u du sr : ru u, udtiu fi o ld
fid'nuarvrflundu (waveforms) lunuilnfirruiuorrquri.urf,srnfin (c[ck) orloindurfl.rmus

s-z ndu rfiodunrslur?ar l0 fiafiiurfi (16, ?r,26)

9t99

stan udu Achor (zg) lonarrfi.rnararuffiflo.t ABR lasTtfi
YY . "

l. dru'r:ovrnaollstfi'{usru:nrfis uavnlrsuyrearnr:rfisndurrjduuuilar'lrjsrrru

?flnl?U (Maturation)

z. nr a:J fr n?0 1 R r 5 er orl du o .r hi ngu o g fi'u : vdu n ? ril ;dn nf o ail tfr { o rr1:-u n r:

Yr9CIOU
t o d I u u u o2 4 ds' Y

3. nlsvusr?a1R',t:rR9nau ulj:9{nfl il fl iln?1u9.rfl o{frqq1fl rcIU{m tYn:vEu

4. nulfrdnrufirfindutu:vrruil:enlvro',r1d0u fi nrarhhiJfrn?urnr:nouduo.r
ri hl

rilauu tlj
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ABR rfl urnforfiofi fi qarnrn rmmvdruiulirruuu o',: 1i8ulu16 n u:ntfi s

rn:rsrflunrrorauudulu 
^udldfin'lrtttrludr 

(13, 15, 26, 29,30, 31, 32, 33, 34, 35)

rravrdrrr:odt een urlirJ:slurulurdnn{xlst't'rt dl (2s, 3r'ssl d'rd

t . td nt t: nn aut duiu.t 1* t: in u ro glU n u u f.ffCU (Neonatal Intensive Care Unia)

t"u naonnoufililua, Rl?vct'teloonfitou, nrrvfiat:fiadgfiutura^ooq{,
,yy9t

nrrylifiordo (sepsis), frrfntt:ntfiodrnar tsoo niru uav finerrufiorjnfi
' 

to 
o

to{T1{R',l0ttsrR'uuo
a .i 4 9/ d-l- on a o a

2. 16Ru5RnAOOmill5O'l ilton:oiln5? illjtU?ntllR'HltglR1tuq
a la a r a J f r-.-e. .-4--t-...e-.---.

r. rd nfr fr n'ltrufr nrJ nfi to{U#uuonttsr ti rtfi o tyl-otJ: vrfr u dR1}l R 1: li1illufl o{
I

oiu'lvgrJ nu il ou (cochlea)

+. rd n Is iilil dlil 1r ane dou nrt ld'au d"ru?6rJ n61d ruu 16 nrlqqloou, td R

aaai.sa!'
ooYld$lR uas tnRmiln?1il?IR1:Gmcrou

n ffi t; esn dril fu rJ : vrfi u n n 6ru siu n r: 1#8il (Hearing threshold) lu rd n rf; n rirld

Ioudsrnsroroudud v rilundn dorornrflundudfin'rrrunrfiqs uavn?lild{dtdldqtdaoou

,#uudud v fiordu:srYrLnnrdrdufluqnr?r,oiunr:ld8u (23) schulman-Galambos rrdu

Garambos (13) ldfinurlurdnu:nrfin nil?1to6ilduolrld0urdoldrfie,lnfinn:rqu otld

n1ilisil1sr 20 dB drfirirq,rn:lruoqitnq{ifinr:1o'8urJn6d:srurar l0 dB ritaotn'rlsirauo

rr rdn:ruledfirt5fiiolrouauoutri,fiuii:sd'un'rrrurir 30 dB oron^okirrrfiotrutiufin',tld

8urJn6 uarviraorfiildfinurrdnlu Ntcu 7s rlu url'rrfirdnduilu?n a uu ,,undofisnril

r.r aR li err ?0u1 u: rusfi ri'ufionfo 4 eru Hr4 u?n n?r rt rdrarirartru ir asn rflutndo rfr oiifi

fl?riluilu$r ,rurrir,6n:rc,1nfiilfin?smoilduo{hirfiuii:vdunarudt 40 dB orofioldir
a I o* b no - I o 

"'d 
C a o- u o- u q-'o

rfin:rofufiilrXmrnxnr:lnBu o-.rulu esn firlvriluur?orfrodrd'tydruitnr:n:?0nt:lqEu
vodaota

uurJnoRro{ [u[$rRrr: Rln'n lurJ:vrvrnorru?nrruruluu'rnn?r 25 fl
t91999tt

nr:dr nsn ilrlsmodoilnr:ln0ufiostrlflflaQnero{ uavuruudrfu lurtsrau
eilrdAaca<

nfifinovsrormrnrrjnfi rfl:lv?ruflasnfifrnfi oiln:ar rn5o.tilo uavnr:dtttusffinr:nseou
9vdua4lqdel--oda

VlttglRgl'l{RU tYU tdU.tVl tUn:s9l1J Yln:Oil?l S?{n?1il0 (Filter) 9l'lttfiU{m0qElectrode
lq

9tY

rulgljoitElecfiode cup Orgtolrliunl:naflou $au{ulelolnqruoi:oux rflusru (lo)

n6finlasrdurieunvnr:nnI:rusrura:ruf;ud lorir ABR ilttsrfi'{unil

u.?t. zs?s drrniuliurdrumurtoruurf;anru uasdrmiuil:vfiuwduol:ld8uluqiti.ud

sr:?nrnR ryu lurdnrf;nd.rfi.rhiallrlrorilR'rrrrron',rldOudrseirtelille uutqititudfiCopyright by Mahidol University



rftgmrvrrror:ud ,{luri, us,lurilydfiihrfinr:dnurnrilnfitolflan'ltmadouo'ttldOu

:s6'uriruaruorturdnu:nrfio 6'rriu{in'udrfinmruau1ofiosf;ntlduudtdur{luu::viorgrulu

n rr sr : r o ?fi o rfi'osr o l:J

vl 4
?nqil r v d{|nfl o{ R'r i fl nul

eu u u, uol, nn aou n r: 
nldau 

r rdu ti'tu dtJo { (ABR thresholo
Aa ' o A i----i q

3. ril-odnulnltvuvt?alRl:rRsflciil (Absolute latency) Yl L m, v yl:u9iln?'llJ

r . rdodnu rdnuarvgrlittorndu nrrtri8u (wu""ro.- morphology) lurdn

uSfttRs

A a ' - - j io i A-- 4 ' u dA
2. r?todnu'tn1tvsiln?1il0.lolq9ilrR9nauil v 1,lto fl ln?]u l?t o.tTmt:ilnoil

d.r m, 60 uas 40 dBnHL lurdnu:n rfio
A 4 A A-- 

--- 
--- j

4. tltOdRUlfl1:gUUt?n1lg1{?1{n0il flnterpeak latency) n I-m, m-V, I-V yl

oda
:vniln?1l,$lil 80, 60 ttAU 40 dBnHL lillflntt:RlRn

Aard.raAAi@q
5. rTtodRUlnj:UUrVtUlJfi't:eUUr?AlRl5[RnnAUm I, III, V vl:Voiln?lilq{ 80

dBnrIL lurdnrnnvru uaurdnrfl f,fi fi {
dd'a.lAidue

6. [lIOf,RUltu;UUlmUUnlsUuUrlaltUl.t?'t{nAUn I-nI, m-V, I-V 1l:U9ufl?ltJgril

tto dBnHL lurdnrnnmst uasrdnrfl aufr
Adrdar'oAjivl

z. rfrodnurrilEuurfruun'rrvuvr?arRr;rnflnfrufr v fr:vdunalild{ 80. 60 uav

,!0 dBnHL lutfinrusmfl unslfiRmf,fi€{

arurufigrulunlrf;nul

d d a a' I a A il. toRtT{flu]t, tlautgtRty{flfi tu.l }Jft]tfl au:yust?nlfll:lRnnaun I, ilI ttav
aalv

naum v ltgtRgtl{tflu

z. rdnruayruuasrdnrfl f,n@r fi nrrndusvuur?ar:vr,rrrrndufi t-ul ttl,v uas

t-v fi:c6'iln?1ild{ 80 dBnHL ustnsll{trYu
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r. ii:snhnrtrudr g0, 60 ttav 40 dBnHL finrrndu:vt vttarnr:rfinuuuufi v
,-

$9rR9r1{RU

rirfisrrilfft{n,ott',t

9.rt9

uu sensorineurat system ds r?td'l rrvr q#utu uastauil: geinailo{qfi 8 ( I 6)

3. rru u n r t'loiO ul u il :sar nuruoulo (central auditory system) n^oaru u dl c, ol

, ru u n'r, luiOu do fi q mdu d, o r n : v du riril dil o{ il?t?ar cochlear nucleus

dulrjnudc Auditory cortex (16)

4. Synchronization fi ilrsdl,tuu"Jrralmdrurururnfi nr:fi rtrutfitdr*iuu

tiulunarrdurfiu (to)

s. rfiss "fl6R" (click) rflufrtgqrur€lu.tti orofifinualstflu nectangular electric

4! do ql - 4 j
pulse ilSoilanuatattlu Diphasic square-wave pulses ilro Triangular wave Vl

ast{ruil rf,r Transducer rfl u{ n fi n bin6'l.rrurf,ullusrln.'tuddoi,u,{lu

Brief tone acoustic stimuli fi oo*"t rff fi rise time, fall time ttdu drnation
v

du (16)

6. Polarity rl o{tds{nrsogu tru ruft qn Fruoiutotfiorqrauf, otfi srofi finu ars

tflu Conelensation polanty, Rarefaetion frolarity ufo Alternating frolarity (16)

o'o A' 
" 

' as d- Condensation polarity 0 v tl.l tclt,.lYlFl ]utfl 1 tlJ so il { u a R u aI vtlj u
4 oqe' A h

Positive pressure fr lfi rlr un rttn fi ou "lil ?ttt tll 1{l lu
9 t' 

'o ' ot- 4- Rarefaction polariry tvlilrdulfir,nutttlusoilqfif,nuorvlilu
A oq" A o, o

Negative pressure cf{111 tl4 ttn?19 tn AOU t?l ?OOfl il lil1{lJ 1{U O n

r. rdnu:nrfia ililrufi{ r6ndfierqn::n'n:uriruuo fiorq 1-3 iu rtasrflurfind

hr fi n lrsrdurrr o n r: qq rdu n r: ld8u

2. rs u u n 1 tl;B u re u u o n @eripheral auditory system) rfl uni rfi fi na lil ?l lJ 1u: ?lJ

: sm i m : vl u conductive systern do if u u{u t,ti tg#u u u o o u dr q du n a rl ttavs v-

- Alternating polariry rrlu#arqrartdu.rdlnri'.r z atlrla6'uri'u
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z. fiaffiurfi ,{lunti,ludtiirrrur,.ul l00o fiafiiurfi = t ?urfi (to)
49av

8. tRBlcvtoltsrnr:'lnt6lul

8.1 dB SpL (dB sound pressure level) ?ftJludl nr:iorcdunflildutflg.l

firrj?surfiuufiunrrru6'uorrfu o.omoz Pa mfo 0.w2 dyn/cm2 (16)

S.2 dB peSPL (dB Peak-equivalenr SpL) rdOtO'|fl Sound f-evel Vfeter lU

dlil'rt 0 io rf, w n fr n loi n r: in: vdu n'lril rT{ rtlul n fi ndl rrji 0il tfi 0u

riu p"ut c,olnmild'uJrl6ttol dBsPL dqr{lu Pure tone stimuli (16)

stuart uavnatv(sl) ldrrjiuurfiuil 0 dBnHL = 3TdBpesPL

aav4jr<4---9--
8.3 dB HL (dB hearing level) ilillo€t{ syoun?1il9{ldu{ylllj:tllJlvluuRu

-i i ,' e

n ?'lU o {iln ? 1il CItn fl 1s (Pure tone) cl o { tnf o{91 : ?0 n 15 laau(O dBHL)

d.rrflurilndurorEo6rudunlsl;Au {o{nuiln6'fiotlufit,,"1 (l 6)

dou4A"
8.4 dB SL (dB sensation level) l4tl'lU0{ tvfiilfl?1ilO.111'lU0l0ltU9lilfl1:

I

1 oO u r o r n u rJ n 6,il u n u rud h r{l u ru r sr : g r u rn : tv h, fi riu tfl 'tn u t
adil

suol,oiildu{nruglu
avv4Cr.l

E.5 dB nHL (dB normal hearing level) ?ltllU0{ te9iln?'ltJg{lduilYlllJtUlJ
4ue:'b'ora----il

rfr uu dunrrrun-lt or qor?il sru n r: 1n0u tolnuilnfi (o aenlrl) :s6'il

n ? I ru o-{ d 1 qr d ld0u,fl s r n fi n <ldlu R 1: ?lo doll ABR) Io srfi"l hJ o v

rd.t-iae
rlJ:uutvtuuRilnunilnlrlnaurjnfi r0 - 15 nu (16)
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unii 2

^sJ' 
c

?r:gtnitiltng{tu?ognt6ge'uos

--'- e ' A a iu'- e

R't I yt e do lJ n 1 5 1 ;Au : y s1u n r u aru o I tfl u tn r o I il o ?t t o t lJ R r : s o il iil dr il iil ls

il:s6unrrld8ulurHnurnrfie ililrrofilkiiluouiildnn?lilrruu81 rfludfie,ul;fiuourr

runiuaruluerl{ilrvryrf, uacftl#driliumrdruuutilurGanrillu:vtllnr:ld'aupi'lt, rdod

,duun:rqud:sd'unrrudlgt nr:rustrarnr:tfitodud r uutodrd v fl'llJltrtuonvfionr:

qqrftunr:1d'auld'il,flunr:rirrtlurfiorJn6 (conductive hearing loss) mfoiltraltttltduu
a .' A ' ' 4-,s!-'..

(Sensorinernal hearing toss) a.nuatvgrl:1.{1jo{nclilttagnltgugt?a1591'l?1{nnu u{fl1ul'fl

mgtfiofunmufiorlnfifirfinduludru?ruroit rsgrlriumou (ccchlea) nisnftofttavqrJnu

?tou(Retrocochlea) r,'triunr:fior:anrdultilJ^uuu'togotiuo 6{n?rfinr:rirmuotnnfini6

fl1:err?ouaynrrJnfi drufulrir{luioryalunr:rilEsutfiuu (s, t6) luuodl:rarR:ttJttau{'tu

i6'r,d6udor ovnarlf,u e rieio drd

t. r{surnr:cJo.r:suuiltveril
v )' A

2. dnualvgil:xqlolnciu (Waveform morphology)

' tr io' ' e e

3. fl rn?lil t,ltownr:runoilduo{groR'rSvrgdounr:'le0u:vd'unruaruol

(Agn thresno$
AA

4. tvt vt?A1R1:[ROnaU (Latency)

god4laa
5. lJ00t,?tilolttT{a0ofl aRl59rolJ6tuo{

Itl-a s a d a
5. n1:9:?0R'l: leuilrtuilft9R:ot tutgRtt:ntRa

t. fisuurnr:ua{rvuuil?sflrn

A | : J ! '., "A - J t r
R1:t0:rulo{:vlJlJtJ:vdln0rr:illJu9r{$srdlj9'lllvl 3 t,o{nl:n{nt:R tcraa

il:sernocuurdrun:tsrurfiruduludsrrrlnurqdu 2s0.mo fi'lsrourfililoud.rlsr:ilrefi 2
groi-'rd'dq

rorRr:qr-{n:5n uavfia'{ornrfu dn:tnt:uurdrrogryaail:varnfrosaea{our{:?al5? lu
dd a "t -i 'a

rfi nu: nrfr nrcraa:Jtvdrnrlnrfi'afi oglu:vrJilil:udlyrd?uRa'r{ (cNs) osiln?ludilutorCopyright by Mahidol University
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(Matnration) uasduo,tl,ol16nu:nrfiofirurnilryru 1Rr 25vo (rso nfru) ruAotfiuurYuGrilo{tto'l

qil"q; {u1eto{rerau'rJrraln,rurJn:rair.roruluaruor loutanrslu Neocorrex nvro?rg

rfiulsr uasrfferurhJtun:vfr'.rrdnfiorq 4 fl (Kostovic ttdu Rakic1980, Cowan 1979, Blinkov

ttdv Glazer tgeg orllu ge)

,"udrJrra'rvrdrfindunruluailo.r ,,urdorro'rulrJoiinrrua?usr'r{ .l 1,0{5su1r

rJ:sarvra'ruRa'rir r{u?1firi'ruauo.r @rainstem) firqadrJ:ralnt.illiluduuluauqt*",dot6o
Y. dl
;1,itou6l rsfirqanl:ra'tndduglt urro'fiorq t firJorri aru cereurat cortex uasln:rairtdul trfirwuu'tJttalnd

uruauqrJ mdtorndrdnoaur,,ir,f,il:suvt?a'rilarut6ou (chi, Dooling, udu Gilles 1977,

Friede lg75 uav Sarnat tgg+ orllu :Ol

,du,ruu"Jrrarnl:Jogflidruilursrrtrr{ludrir,uiuuudt ,"uu'rJrra'tnffovfituru

nuro?qrfiuls'eiolil e"oo dsrflu,,nuondoruo,tuu'rJrrarvt ffntduoontrJeuN:rst?r

mftornlfu Dendrite dr,{luuturnuu,"uu'rJ,sermusriiru,r#uor,*oo fiovro?tgnrru
rYY

ou'lilt1 | (Nowakowski 1987 ttdU Berry tqZa ot{lu gO) 'Efuru{o.t Dendrite lldu Synapse

A d, - A n t I d - A a A d
( ultxBttougro:ufi?l{lcraail:vrrlilgr?l,tu{ RulcraailtedlYloR9r?14u{ ) R0vlT{llflugr1lJ

J

olqnrrn

Synapse vfio Axoaenclritic synapse 1il Pre-synapse t{lu Axon tldufi Post-synapse

rtlfu o"odrit"l fiulurfiprorrriur*.itatory) nvFrurfindurdutfioduglrurro'fiulq z+ ffils'i
drmiu Synapse sfio Axosorratic synapse 1il Pre-synapse tflu Axon ll6lu Post-synapse tflu

d'rrqna"rJ:sd1yt) uae Axodendritic Synapse iirflurfief,udl Gotiuito.yl nv6rurfintgurdordn

dugluo:to'fio1q 36 #rJqr; (Jacobson 1978, Purves ltdu Lichtman 1985 ttav Purpura 1975

Jr.rlu :ol

ndrorndrqaa'rJ:rarvrlJfinr:rfiru,$ruau unvl:Jogorruul,rd{en{r .l flo{6rilo{

t3ouiuut,i, exon fiov6uiirJaon Myelin ultiutlu Myelin tfindutrnar:htiuravhJ:fiu

firuravarurflu#u r ug:uu I Axon Myelinorfrurfiedurdordnfiorq6urirqlrrr'rad z

nuuolru{uorro' uasdordnfiolq 20 d'rJorri u?raarilaruuiurJ:sarvrauuurjd s osfi

Myelin fi arrg:ar"1u:vri'lud.r (ro)

Axon to{reuuu'rjrra'rn rsfivi.rrfisiifi Myelin qru uarvfindilfi rtav"ri" ?tilud

ufi niifi Myelin qrr oryrul#fi n r: ri rn:vuah,hilrd, du f rul

drnilar:doil:sarm (Neurotransmittersl duirnurdrrluor-rrirdqtyrartv{rirorn

Presynaptic membrane lil fr1 tossynaptic membr-" rfi rlnrfi o n r:rilfiuuurJ a.r#nuh,lrirluCopyright by Mahidol University
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rsiluilrsd'wrdluRal{ a'trdfiq*auffirfluar:dorJrsarn lsrrrn ar:{r?t?fi Amino Acid

A z{ - q '.rq - ----e!- --.1^---4^-r-^.-.-^^-^-.]^de-.-.^^.^^- -
uavd"l:ou 1 6nrurnuru fll1ruIi1n:n:'riltnr0u?'r6lrtdolJ:vd'lYltila1uuflil?ilfl1tfisNlt1

ourrl: cge)

rdorqaalrsdlnfi n?lildilU: ai oyfi ndub{ilrrfi eduldrorluaruoqttasd'rtt'r: 0

firnr:riufinluiui.tud16oiiu{luorrn'fiorel r2 d'rJorri uasnfrub{ytrdrfisdurollurruo{d?u
r e t e _ auo!, 'd C .q dd d v
arr loun Thalamus uasR'tudilo.r dlrJlroriunn"lnsr'lusrtdnfroglun::nfiorgtfiul 17 iu

(\{illiams tlay flalY tqZ+;Nlu :O)

olRntrdnurrfi u:fiu Evoked potentials Crpsl dlr{lurJfr n?urvrr.rldrlrtolrryad
, i ' o a ' o d<- q-l e-. -- ^.t^t^^^! ^.-.rJ:vamfiqnR:vquornnluuon lurdnnaosflounl?ruoniloq tiltfiu 25 drJorn Hil?te.ta

Rlrerouduolrfindulourfiuulu Negative wave[rdufiili'tunuutduRt:etouduo{0sfinr

rrJduurrilalruaordnfiorq,fird, (Fllingson 1970, ohlrich ttduBarnet 19'72, Banet ttaufials

1975, Weitzman llng Graziani 1968, Hrbek ttav nilg 1973 ol{lil 36)
t9t9ty4 b l | 4a < A U a

na=il1flr{mtri9{-uu?{[ttn 1 tilo tn'iln1:n:uglu @arly reqpnse flo.l EPs)ou

oiioo"'raooo.-4l
rfr ofi u fi r?r?ar Rru drlo.r rus?{r?alu: yr.nar g fi affi u rii Jewett rEgn nr: $ouctuo{d?uu?l

nfiunrrqouauglnr:lo0u:vdurnuaruol (Auditory Brainstem Response, ABR) (Jewett

1969,Iewen ttdu Wilison fq?f d1llu gOl

A t 
- ' d d s r' d l

nau n1: etoildu o{ n r:'leau : vo'u nrudilo.r0vrfr uriludnu arvgrl:xnfiurJ5sRorJ
nAA"n'rdoa

e?sflAu s-6 ndu Inur?rmuauil:yeinauo{rJfi s il?r?ara?urJarurfluqnrirrfistorna^u

li I u?rrauaurJssd'rvrdrro{{d a d.uriuriluqnrirrfintotnduii u aru cochlea Nucleus,

Superior Olivary Complex, Nuelei lJO.l Lateral kmniscus t[6lV Inferior Collieulus 0etilUqn

drrfinrorndufi m, w, v uayndilti vI drniunfiud m-vl r{luna^udfiqor{rrfrorurnner

t uurturnurruo{ d.rovfinr:rfiun'rirfloirn:uudijtsdrvrtiudl,,urtiterltJtuloto{lu

il:sArn (Moller uov Jenetra l9El, Hashimoto ttaeflilv tggr ;1{1u :O) rfi'cdu tunr:
t9

ilrvffiu:suunr:1n0u drrinlry:cusr?aln1rfinnfiufi I il:vrfiunt:dtdarflriltfiu.ttornr:
e' , v , ' :"

ln8uaauuofl @eripheral conduction Time)tt6ryly:vuvtraltvil?r{ndilfi I-v il:vrfiunr:
o u "t 

il t

ri rdqty rort a I tryaa:l :vilnnt: lo8ud?u R a1{ (Central Conduction Time) (36)

R'r:ri'r{r.rt o{:eilun11ld'arrduriud,uiuuui,douglunr:n"flolurq1 il n.f,. rsl4
Y.

Bench ttdu Metz (37) tsfum'nnr:r:Jdsuurjarflo{6'n:rn1:tsruto.ni'r10 fi6'{orntiltflu.r

n:rquf,urdnlun::n"fifiorqoiruer zo drJorn"ttbJ vurrrrdndfiulq z+ ffiJrfi nvfinr:sroil

raf 6s) 1#rdu{orrqu^luCopyright by Mahidol University
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dlrJ r: or# il o du o'r, o uu au u,,f, u url u: n rdord n fi orun :: n" zg drj e r #

olurtilriuuro{u'r:erflarvfir6nlun:rn"fiulq x-zg ffiJa'tn'nu'rrrdnfinr:norauornorfie,r

Isunr:nrsil?unr (orndaq:rqrrdy ,,urolnnr:dnurro.r starr uavflaru tlql ln'rfufinflu
9t9tt.

R1:eroil6rllornaurnforyroeounr:1nOu:vdunruaruorlurdnnaonnourirfiuer vru?l

!t
^vt4z. anHoffiguil€xlo,Qnau

r' A 4 - A d d A o '
EtJ5l{t O{nAU ilil'lufi{ ARUilUnltgrOilCIUO{nilO{trl4utljilnAil uAUfl 1fi il9ttnAU

a.unuonduldouNfnlou tuatnqlorldoaounrrnoilduo{ s-z udu lu:vusnar l0 - ls
fiaffiurfi nr:rirnunfiottsravnf;uovl#ratlrrTuo'lu Jewetr uou williston rgTl (16,20')

lurdnrr:nrfiorinr#undun15noilduoqfie,r : ua*uldud uduii I, m, v (rs,3s,

ao) nraordnfiorq 3 - 4 rdoudrarrur:orirfiuqnu*ud n ,,uruu^ufi rvld ,,undordnfiorq
fdt'AaaqCo'o-t^lj5villflr I lJ ErJrr{1'O{nAU0irirVilARU orsVt tRArnu{nil9J t?rfu (41 )

fl sr.n.gzs Salamy tldu McKean (42) finurr{erurRlrflo{r{aR'tScroilduo{Rtt
,lt-g

lo8u:sdunruaruortur6nu:nrfio-tfl leu1v6'n:rnr:rfiqrdurnfin rs ndnsro?urfi :sdu

n'rruq'{ ss dBsL ornnr:finurgrJir'rrotndu uuirsdnqns?{orlosrrunfiufi r uasnfiufi
' r' A rC h l a 4 o^ ' - o riv uet;rj:1lr1lo{nail0vruauu t1j01Ril:nrnqo{ry tilq 0{rrd9{ tugljyt I

Copyright by Mahidol University



t3

q

ErJii r uao.rgrJir.rro.rnrdulurdnrerorgorl{ 1 (o'rn saramy udg Mckean, 42)

r. rdnorg o frrJorri nr. rdnorq: r6ou

o. rdnortl r fl o. qitnqi

otn;rJfr I R'tlt n. rdnu:ntfioarulnryornunf,ud L,urodrd v unvfigrJir.r

r,d oln t. rfinorq o d'rJer; ovrJ:rngna^uii u ,,arofiud rn Rr?r n. rdnorg : rdou 6.r

rJ:rnqndufi r, rn ,,nrrduii v lduuxfnrnu

cla
n. tFrRtttntR9l

da
{. tnn0tq 6 rFtou

Copyright by Mahidol University
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uonttndf,{kiflnurlurdn t nu,duq no"-subject Variation loufirnrrnfldolJ

*', ro otl nril^anrrsroufluourjduuurjnuir.rrfiuudnriuo uassrnnr:rilSuurfiuunanrr

nnaoulurdn'f,ruru t0 nu tduq nr".-Subject variation flantrstoucruuodldfior'lltuon

ri r.r fi'uo{rix usrfi fi nrru.'rd,,undufioli

ornnr:f,nur nrnrrraqrlir lrJir.rro.rna'ufinrrnJduuuilarlilnrru.rqiirfirrdu
ou n rrvio u'rg r fl g rli mro.rndudr ocnrfi uacfi frnu orstn Jrds.r ruqiilr q;

fl n.a)r)ll srarr rr6tufi0tv (39) finurnrrfioru'n o{flnRltoouduo{nr:1dCIu

:vdlriruauol lut6ntt: nrfiqdnoon nou druun uaunooon:u fi rmun fi rnr:nnaoulurdn

naoon:udrnuqloulidn:rnr:rfiorilurnfin ro nfinsroiurii d:cdilnrru6'.r os ossr- Inu

drnr:flseorri u urtu lu"rory'sr?dr z fi.rlils ,udlridu,,on.rlugrJd z

ilJii z u6rn{r{aRrr u,urauordlsr rnrdnur nrfinorqn::n' co firjnrd
firnr:nsaoud'r u o#u lrrrorr?a"l 2 frlrur o.tfl Starr unsnatc (39)

ornnr:fi nu uran,rhir#u ir grJi r.rtoun du,,urrr"ruqunuuodud L ru uasndufi
__d i ' c J I I - -ev iln:runlfi untaunauii tt uavnfiufi ry 6.rrirlmaur:oriruunnlrvusr?alnr:r6nna^u

d I, m llau IV-v complex tr,lfundud vl lJiru ,,rodufi rr, vr uavnduii vrr rdorirnr:Copyright by Mahidol University
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3 on r' A u' d 4 oqeo e 4 n]-- -o.---g,---4-...inadoilch0ulngrJ:xndu'lunrfr drrirlrrirmile:sus[?arn1:rfienaulsutn drufunaufr

ry raundild v fnrfin::uogrflundurdu?riu l€unir "rv-v complex"

fl n.a.gp Goldstein uavnatv (30) flnumaRl:etouf,lJo{nmt;Au:vduriru

aruo.rlurdnurnrfio z nqrr nqilil:nrflurfindfiorgn zri gs-42 drJorri,ruroqud z r{lurdnd
d Ji q I a d d t i o ' ,tn a
fiorgn::nd1R?r 36 frrJorr r6nrXnnufiq{n1v'rf,rJqr0ru5o!fr0undillru tvdsrrtnlttfro

rtls{nfin s-r2 nfinsroiurfi :vdun?ud{ 6s dBsL uuirrdndfiolqns:n'r drJorri ul
udud L m uaunaaud v fidrururvrrfi'liouas 8s, e0 uau 80 oudrdu rfinfifiorqntttit{u

ruer 36 drJordduhJ aur:nuuuduii t, m ,,urudud v fifru:urvrrn'uiouas 100 {o{qn

odu drniundud u rdnfifiorqorro' rs-az fitJotr' nudruruiuou, ot rrarlurylmqnl
j i o t ' | ,d , io C

nciu?i tr dlu?utouag 96 Tt?Rrt 1Ra1??'t n?lilrilauuuilaw0{flnfl1t9rou6fuo{vllR$ltfu ll
a@t-d

n?'rilffililutRuolq{o{rnR
9v

fln.d Jng stockard lrasnil v (43) fi nu r{afl lrooudu or nr: lnautv{i'il n luail o{
s 4 rA , Co J * - 

n 
- 

t-
tOUflRUlRlttUAUUltilA{iltROflU01RlJ00UOlU9l?tJtUnltngfiOlJ(Subject Characteristic) lldU
d t 

^ 
d a ia 4 

-, 
/ s t t v

ldg.lntUEil (Stimulus Characteristic) till0nll:ntn0milOlqnt:R 3842 dil0lil tgCI lfltv0ll
- A' v v a d a a t o o t'

n?1U9.tyl9l'l{lflU OO5lR'lStRetffUltflAR 10-80 flAflnO?U1Yl [S Rarefaction tl6lU Condensation
.9

polarity e.ran1rflnu1T{u?1gil51{ro'rnfiufinrlrJduuurJaufrorornloiu6vrr'vrarrnlfinrrv

to{tdn (Maturation) uavrf,o.rn:voiu

il n.g. t qsz Zubick rraufl sr y (,t+) dnu rnaRrryrefrou n r: ld6u : v6'r riru aruorlu
d a la " o * 

"'- 
a ar a a 'o a C v

rgtRtt:RtRo vuJolgn::Rfl:un1?tu9 t9u luo9t:'lR'tttRotdu{nnR 30,1 naRno?ulYt 1t:solj

alru6'{ 65 uay 45 dBHTL flil?l nr:il:rn6ErJixro'rndufi I, ru, v finarrunrfirurRR?l

odud u, rv our.rfiriudrriqvrr.rafifi fi:sfiunerud.r os dBIrrL fiiln'r:ilrrnggrJirl
A d 'i @ v ' au o v aa "'to{nfiuii I, Iu, v rJlRn?1frryd'rnarruri'r 4s dBHTL oumfifudrrTqvrxadfi firsdu

n?rild{ 6s dBHTL urdruruna^ud v urniiqq uauiludlu?undud m rurnnrrnfiuii I
.f - -- . 4 aat I a Ol 

to

I n.?1.1982 Jacobson ttAUnUU(40) f,RU'l?fi nltil:YttJilfl AR'|'9OUdU O{Rl: tnUlJ

- 
n Gf d o jd v v J 

-, 
t 9t

;vd'ilRludilor lurfi nnaoaa:ilrirfi uo fr ilorq (fu:rruri'uo1qn::n) n+g ffiJalr Isuls
dAuuad
rdu{ndRn?1ilo{ 60 dBnHL dnrrnr:rfinrfielrnfin 10.4 nAnnoiurfi 6ru':u 2.000 nfin wu
'q { a d A d- 

- 
A i u"' - A d d 4

?l turnRfl:RrR93lrul:flrilunaum L m ltaunaum v t9oulitsgrou tilot9Ruoltl 3 rgou

d{r#unduii n uavntaordnfiorq + r6ou du#unduii rv n?Rrir1Rd,.rl rfiordnfiorqrfirudu

grJir'rndunvfinr:rildsuurJarIoufinr:il:rnnro,rna^urnArudu uasfin:ufnroililrndu

Copyright by Mahidol University
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v

fl n.s.tgsz Hyde ud&nar v (46) dnurnrrjnfiilo{fl aRrrnournlo{Rrtlo0u:vdu

,i'ruuuu, uraorf,uu::fr'qgrud'rmfurdnfifinrrsrtlo.rruo',rqqrfiunr:ld0uturdnorq + r6ou
4 ,' A i q a o o'o a ' - a i C

01RR'l5flRUlflil:l{flo{naum:yqilfl?lil4{ 30 dBnHL tag lstdu{tlAR ?!U?1U{n{lfiUnAU?l
' - A C u" C d & a o t

I, m o8!'r{sor0u nailfl tr rrau ry tilnouHlj uayHuflauil v (1r{ 2 t) rrjll0'lu?lJ5oudv

e3 uasti:sdlln?1ild'{ 40 dB flunduii v (vi{ z rg) r{ludru'miouav gt

frrr99
. ll da Il a v
8. n1n?llll?1to{r6nr?ilgtoudl{o{no n1i nodouRlt-log utugruRludr.ro{

n ln?1uhfl o,r4fi 6uorouau or sronrrvrerrouR 1: lsiOu:vdu ri",uuu ru r{tu nr:

rhsrfi u:yri'u nr l;Au lounr: fi or:al r:sdun?rl d.r oirqndrfi ondud v (zr, 47, 48)

' n jA I t t e e

nrn?lilhfl0.:qfir?unoilGIuo{eroR1:yre6touR'r:1o0u:v6'rRruGIIJoir rirrurlryrJ:vrfiunr:'lsr

0ulurdnu:nrfrnuavnqruqirhudul ,* rdnrftyqroouqurrr,ir, 4rirufiurnrduvrmauor
-t

rflusru (zr)

fl er.d.tglg Schulman-Galambos tlflv Galambos (13) flnurnr:n:aonr:1oi8u

rruildsn:orlurdnu:nrfiodfiorqn::rin:rr{rnu s e842 drJerril u'rqdu,,r,,,orfiodr : iu
lnulmfiurndn dn:rnr:rfinrdurnfin :o ndnsroiurfi rxnelud tso-tsoo Hz nur,orlu
rn iri ' u e e 'a - ' e

lrrou!frrTrueoilduoleroRrtvtgdounrr"lnOu:y6'tnruaruoroqlu:v6'u to-zo ogm. ff{lil, t" ,

nq{n?q1ilqil:vilrar 10 dBHL
af4"Ail n.q.tqgO Kaga ttdu Tanaka (27) f,nu1flaR'r:groudltoirRr:'lo0u Isulurn5o.r

'/'/l,ilndoiln1:1n0u:v6'rnrudilo{ uasflodollnr:1o0uIo0il:yffiufla0rnflqfin:ruR'rretou

6f1to{ (Behavioral Audiometry) lurdnorq t-18 rrr.ou rdnorq z-s il uav4lilqoq Ls-22 fl
|tt9

druflunanr:1n8u:vduRluduo{ rirnr:moeouloulsrfls.rn6n dn:rnr:rfiortlurndn l0
A 'o d U .iA ' .t a d a' j '-

naRfl0?ulvr !llJ?1flln?1u l?fl0{r4ylr5cJnoildu0-:910[ftr,-t tur9tRilnltnnutvt'lRU 32 dBHL
q 'q '.t' i '- a " u j ' .l "l'lrdv tilry lilq ilnlrnaurmlnu 5 dBHL ovrl,tu?]fi]fi?lil t?flo.rl3yt9ouduo{gtordurl iln"lagn{

d A J d c.r 4d
rffoorgrfiufr.u ltasru-orfiniialq 24 fl 6rnsfinrn?ru1?ro.rrufiflouauorsrsr€lurlnarfrurrYrLry
.r ' i rr iA 'atilq tldyR15iln?1il [?1JOill4ll[:tJnOUrYuOil$l0ld€,{iln10nA{ O10HJUlil:]v Myelin [05fU[$lU

s j c qe t
rgtrJ'lRfl u ruu9.ta r?{u; irR:uEuillCIittrfi a{ R1ruefl aufl v t9 tuil:il1alil1nfl u

il n.g.tqg: Stockard llnunory (4q) f;nurnr:njduurrrjn{rorrflaRttetollduoitR'lt
U'o-'qdoj.rJ-dJ"loEu:vniunludrlo{ lurdnu:nrnofrilorqn::nn:ilrit?fuoolq l-3 iu fiqrnrudilU:ar uavCopyright by Mahidol University
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rdnnassouudrnusdfiorq t#u::run-rorqn:: i> zl-* firJsrd finresrfiursronrrqrgrdu
tt9t.

nr:lnOu lsrflurndnnrvr;u dor:rnr:rfisrflurndn s, 10, 30 rras E0 ndnosiurfi msnmu6

100-3000.ru uulrdnu:nrfiprfifiulgorro'orurirmus uosrdnfifiolqortri :z drJsrrf finr
ul<Cac

n?1ilhflo{r4frnouauo{nores{rrvr1f,u lo-ls dBpesPL uas 75 dBpesPL rfinfifinracn1:il1

rfio{fioilnfi finrn:rrul:nuotgdruueuorstorfiouvrrrYr 95 dBpespl uarrdndfirJiufllnt

rdoru hrruR rrer ollfruorsr ordu.l

il n.n.tggg Yamada uavnilv (t finumrnarrul

nr:ld8u:crfi'uriruaruorturdnnaonn:rrirnuo dfiul,p s iu vru'rr rdnu:nrfinfinrn:ruh

nuurEdruuauoroorttuuvrrn'u 10-20 dBHrL *fidrqrnilqitoq;rdo;u$ (5-10 dBHrL)

fl n.a.tggs Lary uasnfl v Q2) finurnrnmrulmorqdoroilduo{stoRrrvredorJ
Ith-a a q d o d o dd q

R'l: lguuteoilR'11{6Tuoit lllr9Rfl ao9n:iln]ilu9t ttautqRnao9RouR'liluoililoltl (uu:?il
- 

d u a d o t o"l a s a d a a ' o 4 t i
Ruolqnrtn) n42 drj911'r tnu lsrdu{naR ostyltRerdu{naR l0 nanno?ul1t s?{n?1il€l

300-3m Hz uurlfinorg x-r+ drJqrn', rs-:s dilerd uasrdndorgn::rin:lr{rnuqfinr
ui'"1 '-ov9'

nlruhro.:4fiorouauo.rnoreiu.rrnrrlu +0, drnn 30 uas 20 dBHL srrrudrdil uanrlurfiu
' A d d ; J u j ' or a'ur d -ue+ I @

?'mJoroRrJo'r8lr1rilail n?1il l?10{TYtgrouduo.r9rotduir0vrJnl t?1,lJ uavu{ t9flRU'ilRU?RU

vatt
:vdur?iuwrfl?rJ(Ambient noise) n1uluilo.rgrr?o inRRl:yrndounlulufio{ NIct, uiofin

ryr.iruud.rnaoo lutaryfi rdnoglu n",rtator (tudllfie,{ so-s+ dBspl.) ltasuofl Incubator

(:sdurtlw st - 62dBSpL) nuirnrrru'l?{o{ufinouduo{erorflurfirirlnirdur6'u uoRolR
3- ' d i ' 4 'q r 4 ' tn i ' ol u'
uuirl'lu?1 r9R?|fla09illila?il:ooglufrt:Rrl15a1 ilfllnllil t?fl0{4nnoilduoitgtordg{ ttJ

,-
rtstR$t'l{Ru

atdt,ob'oil 4.fl.1987 Hyde ttdvflolv (216) f,nuln1ilRglUO{nARllglOlJrlUOilRlS tnuutvntl

,iluuuuo rdouluu::rfrsgrudrmiurdndfinrarrfiuuruo',:qrgrilunr:ld8u lurdnorg 4
--9rr

rsoou Inulmdurnfin 6'n:rnr:rfiorf;s.rnfin 3s nfinsroiurfi s?{n?lud rs0-3000 Hz

Alternating polariry uu?r rdnaautnqfinrnrtruhro{qfinoilduo{srorA0{Jourq6uryrrriu

30 dBnHL fi,$ruru g:Eo uavrdn6n'fi TA1'A 7vo 'lnarrur:norunln?1ilhro{ildnoilfluo{
' a- ,rt A a 'u'A A Fr d ' h i 

'' z{ -'ero[6lu{ t9r [uorr0lRraRog lul.l{ ltavrilonjrUUtyruufilft?1u t?{o{r4ytflouduo.tgror6ru{nilrJ
q'uj
tl{iulru?1 nln?lil t?lr0{q?t9oljduo.rsotdt,{ turan osiln]q{n?lfd t?rqranil0s

fl n.?t.rw Adelman uauflarv (s0) finurnrnrrruh{or1fisroucruo{;on'rr
- q'o - 

t 
' 'o 

A q 
" ^ ]. 4

rnef dounl:'lo8u:sd'rnrildilo{l uavrvuvr?arnr:rfinndulurdnu:nrnanilolqn::n 37 -42
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at^zd
nanoo?ulvldrJsrfi oltl I frlrur - 5 tfrou lotllytdolnan ontrnr:tfiotdt {nan 10-20

s?{n?rrld 200 - 2000 n dn:orLrE TDH-39 flanttflnul dlueolluflTl{d I

frlrur
A

tnou
soda
totj ttrdu{naR o'sr:rnr:tfiorf,s.rnfin

,'rr'rod I ucro{n1n?luhflol4fi6runouaruoruo'llnadoilRr:1si0u:cduriluouuu

lumrorqorrtl

ornnr:dnu lwu?'r nrnlrulrtorqfi orouauo.tsrot€lul1ur6 norq o - s falrul
9t

finrqrnarludlrqi 2s dB uavfinr:vuvtrarnr:tfinoduti , ulro.'t{lrry a"t,nqu'tou',
t9

orn6'tsrolilfi
n o at q J 4t - d4-

- n a ln n 1: d t rtlur lu 4 fu R al { il fl il : ; o R 111 aq a{tlR R'l: vltJ Residual em-
g

odda
bryonic fluid lUqUilRal{tO{tqnlt:ntn0

- Basal part of basilar membrane luoiuavgrJounuu tolrdnfrltn?qhi
{.v.

dilUtal (mmature) tnlriljflo{fdlrrg 6"U"t ttdv Ryals 1983)

o no 'a d '
- Outer hair cell tlBU Auditory nerve fiber lilfl lfltuiln1?Ufluru:Un?1

d
10{tqn (Dolan ttAU nilv 1985)

o 'o 'a d s .i -. -l& -^4-e^^-^---]^.
- lil9Jlflqfi'Or$in [n Auditory pathway lJnl?UdlJtJtolllu liloilnl:R5vglu

6ttfi nn: gttarl: garnloruln Giring synchrony of axonXStarr ttdvflOtv3g)

il n.a.tqgr sruarr ttaynils(s1) finurnrnflrulrror4dnoilduo.tsroR'l:vloaloll

nr:1d8u:sri'uriruaruor lurdnorqn::nh:rririluo ortl u-tz #tlw rrnv{lnqlqut;fl€,.1

d
olqten
i,s

(v? llJ.r)

t" t
24- 30

q- 72

t4 - 168

2@ - 420
Yr(l

fl r?f€u

n rn ?1il ht o.r q dor ou au o{ et otfl u{

(2-3iu)
(6-7iu)
(11-17 du)

(dBnHL)

35.7

2-s.5

20.8

2t.l

12.5

7

6sadao'o.l'j
ncin dn:1nr:rnfltclu{nan 57.7 flanno?u'lll u?{n?]ilfl 30-3m Hz firnr:moaortuCopyright by Mahidol University



t9

'^i"roal'aod<'q
r,fo{N^r,rl frIi:vdurfrs{5uR?u 4 dBA r{u?1t6nuinrfiefifiorqillnn?l +s #rlul uasrylilq
a' u "i ' i 'v a Aql '- y.
finrnarrulero{tjfinoilduo'rnoreuslouraduryrrf,ufro 3.75 dBnHL fr{lilttsrnnr{flilou1{
Au o o aa 4 o J<',1 '' q -----dr,uudlnqnl{dan fi?RrltlRal??l ?,raR'r:flnu1 tun:{u [9nln?lu l?to{lc1lgtolJfluo{9lo

tClU{Yl9l1R?1R1:f,RU1Oil dl 1j:sil101 l0-15 dBnHL Cl1tl'lEOl0lR90'lRR'15 tUtR0tcvlO'l{O{1JO{

n r:iorfiurc,o{ stimuli tansducer fi usrnsrt fiu ttavRt ril?t unsxnludq,olt;lsln:r{uii

[[9tR9t'r{fYu

fl a.et.tgg+ Gatambos udu wilson (52) flnurtilEsutfiuilnrnmilhtotqdsiou
t L lu n o' n o c - o I

dlro,rr9toR1:ytef,ouR1:1nau:c6'rJn1ildilo{fi1n01nn1:lff(rftufiofin:ou4rYuvfinfraon

ruirluroq Gnsert phone) lurdnu:nrfiodfiorqn::n"n:lrirnun nu:r o1nnrl;dntoiltd
'ui'a'qee

nln?luhro{rlfinoilduo.rnorAu{oglus?{ 5-50 dBnHL uavolRRltlrvfisaostq,rluvolq
'ui

n1n?1uhc,o{tmnoilcfuo{nordu{og luu?.t 0-10 dBnHL Galambos ttfiu wilson fl41'l?1

' .io C
n?luuerRer'r.rfr rilo{uororuaorrurnrnarrnog6'roiohJd

- lrilaflnnlrer:?ofionaln

- nioilrElilafivrrfi r}ifi riis.rduuvr:nrirhJ uavrfirhinrrrurJruroutlurn:volu
I

uua9a{
AJaduGr9oC<ocr'o€l- tuo'10'lRso.ltsuilonrR99rlJ9ru0'lnR'lt Ituil9nn5oil?l 0ilvl'l t?lR'ltultduil

fiorJnfr (Artificial conductive hearing loss)

fl rfl Ed.: n nlr rirhinrnllil l?{o{qfi Fuorouauororordu.rq.rdu ilsrtsliltfi u

10 dBnHL n?nrnlnar?irft hifi arurufigrulofia1ul:oof;ilrulrqo;ol ueifi rdo; druluqi
I r 9l tt Ia Gl * a.t 06l @ a d v

o'r 0 rR n 0 1 n R 1: tu?t ll { uu a nfl : olJ ?t t ra ?Yt 1 t?l uo{ T uu u o R rR I 9r u 9r u
1t'ui

(53) dn U ln'rn ?'ru l?lj oirt?ro oljdu o{9roR ltnq croufl n.et.]-g ga stuarr ttasnflv (53) dnur

n r : ld8u : v,i'u rir u aru o r 1 u rd n o r q n : : n'n : u ri r m u sr o'tuurRrfin-qo frlul lnulmgf,.r
.lr.rttraa4dsodavaelaaa.ld

sila?rcro9rl,l luuo.tlt lou t5rdu{rnaR ost',rR'trrR9rdu{naR 57.7 naRoo?u'lvl fl?{n?lil0
9t

30-3frn ru firnr:nndouluff orfi mfi fi :sdrrfisr:unru 44 dBA ?ru?rnrn?rrulerowfi0

finlodsu,irfiu :.s dBnHL ornnr:firdnoq 0-4s #rlru.r finrradun:rru1'rro.r4fioroil6ruo{t
' .r d ' d & s a o! ' 'q J

srordu{ilq{n?1[9Ro'rq 49-96 vx nJ{o10rR90]R ilu1n1{og [u5o{ufil nal.r

etoilduo{storileNlurdnoq o-z+s falu'r finrrndsryrrri'u ta.s dBnHL rdnorq +g-go fr'rlilE

ai<
ttavlaRmil

o1rlillnn;l +s f?Iu.r finrnmruh{o{{fiqouduolreroreu{aonrr ruaororn:vmi'r'rdrdn

qquila?tild'u otn1fl1u il tn tstilu Negative pressure
Yr.Yusd

su fl a'l't l9ufl luvt1{?toudtoruuu9t?u

tY4dccrilrlju n 1: s?uq a u loon 0 lnso {u
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4. rvt st?arnr:tfisrndu (Latency)

d J 'A qee a{ q t-,,-- ' t

ilrJlud{ :suvr?a'teT{unr?il"lfidqqraufiu'r hJnun:vri.rtfronr:srouduo{flo{tdu
. 'i n 4 ' 4 a 3. 4 --j---< 4u..- -{-.-4-.

il:varnaruo{Qfr 8 ilavR'tuduo{ tifiil?t,tilililaa?u1rt flavlillJllRooRtJlilanualutlJllflau

r€un?r ndunr:ld8il (waveform) dltunurJnfidonrrqud.urdu{d:tdlnmrufri 70 dB

A b'o og q --.eai-.-4.--, -^-!^-- 
' a

nauftls rorluoytRerlunlCIlur?al S-e fiaffiulfi (16) n'ltfill{uan'ltvuvt?alR1:tfrottnav
d 4f ' ot - r 4 - -4- -a-.^l^n6u Gunfl Absolute latency [tayfl?1il#ilniut:vmrrsna-u 2 na-u H-un?l :vt vt?41:s1'l?'lil

i4
naU flnterpeak latency, IPL ?ltO Interwave interval, IWD (45)

lur1inqjdfin15t;aililnfi

mdlnrnn:vqudtuduoufinfi:ydunr1ild{ z0 as il:sural r.s fiafiiurfi tvrfinnf;uii t

uasdnar 2s, 3.s uay si fiaffiurfi ovrfionfiufi [, m rravndufi v fltild16u (16)

Yamada ilAvflots l9s3 (5) na1??m15yuvt?a1n'l:tfiondu t uaynfiud v frlil'l:ouoR

- nturiruuo

lm-3mo 38 - 39

40-42

- 210

2.12

1.70

7.87

7.30

6.q)

il:vmmnr:qtgrf,unr:ld8uldirrflu ryfinnr:frt6lutfiorJnfi (conductive hearing loss) nio
,i

iltedlvltdtdou (Sensorineural hearing loss) o'trrur,.u',nr:lfiondulurdnrr:nrfinfinrr
u@d9-

5 V9ril n ?1il9 {lJ O.ildt { nt gEU llagfl silu 1R'lttlo'll
tl

l4ta4A
til auuuil a{ [R ol,lJ u outJ lRru o{ 0 1R olq

: cu u n r: 1d8u fii hi ar r1: 0116 il d
d d o d-r " <c' -d

r$r n o leln t 5 R a : il R'lll u I Yl il qt n 1fi du u: ol ll fl lln au

a A i A A I a ae <4 q-Lq-.--.-- Y

ruusnalnl:lnnna-uyt I lravnciuli v il:vtl1ol 2.o uav 7.0 uaa?u'lllnJo lutdu{nanRtsEu

fi:vd'unrrruri'r oo anoru- (+s)

9l'lt'l'lYl 2 udo{nltoduto{t:vuv[?nrnurfiondulutfi nmr:n 01Rnltflnu19l1lldl

Salamy tt'rt3

Mc kean (42)

Schulman- Galambos

uaccalarrbos (54)

Stan tlAgnols (39)

55

dBSL

65

dBSL

65

dRSI,

70

dBHL

nrrrdr dn:rnrrtfin vrqnru6 ulqottri
I

rflurndn I iurfr F4 tdrjqrn)

AAA&d
rswtlam15mnnau (1|aa?u111)

rfiL3000 38 - 42
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offi1{d 2 uastnrtndutoit:usut?arnr:tfisndulurdnYrmn ornnr:flnu1el1{1 (elo)

4flnur

Goldstein

ttasnars (30)

Gafni

uarnals (55)

Cox tta8nfle (56)

Weber (57)

Rubinstein ttag

Sohmer (58)

Jacobson

ruosnfls (40)

Zubick

ruasnfls(44)

Stockard

uaenals(49)

Durieux-Smith

$asnus (59)

Zimmerman

$avnars (@)

Morgan

runsnils (34)

Gorga

rl'srse]tuv (61)

Eggermont ttdg

Safamy (62)

Adelman

uaenars (50)

n?rrri'.r dsrrrnrttfis u?{n11!6 olqntin

rfiu.rnfin ir'urfi crrl (ffo1?

65 8-12 1@30@ 38 - 42

dBSL

75 rU20 25G5000 37 - 42

dBHL

60 33.0 150-1500 37 - 38

dBnHL T9 - ul

75 38.0 150-3000 3E - 39

dBnHL 4A-41

60 38-39

dBnHL N-41

75 20.0 2@-2200 38 - 4l

dBnHL

60 10.4 15G3000 40 - 4r

dBnHL

65 30.1 - nlutirnuo

dBHL

110 10.0 100-3000 40

dBpeSPL

70 11.0 250-3000 38 - 42

dBnHL

75 - 150-1500 39 - 41

dBnHL

75 11.1 150-1500 39 - 40

dBnHL

80 13.0 100-3m0 37 - 38

dBnHL 39 - 40

4l-42

60 15.0 lcn-3frrc ,+0

dBnHL

80 rc-zr 200-2m0 37 - 42

dBnHL

isusrxalnutfiendu tfiaffiurfil

m v

6.747.& 4.43

1.65

3.17

2.95

137,4

_ 7.79

- 7.65

4.69 7.52

4.49 7.17

5.n 8.00

5.U7 7.54

2.23 4.U 7.16

2.20 5.06 7.24

-2.26 -5.O7 -7.25

l.8l - 6.72

6.E9

7.24

2.03 4.74 6.91

1.741 - 6.939

1.718 - 6.816

1.690 - 6.687

2.00 - l.r4

1.60**

1.48t *'F

a L q d ' a ...--.&-s-.
fiiltt1lilgl *,[6nolg Z-g fr1lil1, ',,* t6Ro'lq Z+-fO f'llru{, *'t'* 16notq +g-ZZ #rlut
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fl n.s.tqso cafni uaunalv (ss) dnsrflanr:noilnuo'$Rr:1d0u:sdlri1uuuuu

lurdnnaoon:riiruunorq tz iu uavfiosrrilflanr:finur6n rfrordnfiorq r ro'oulooli

rtislnfin dn:rnr:rfinrf,umdn t0 - 20 nfinstoiurfi v'xn'1rru6 2s0-sm0 H" filcdu

nrrudr 7s dBnnr. nuilodon{u 2 s?.roltl iierr:suvnarnr:rfioerduhunnnxriu 66norq
vd4tZiU, tdnorq I t6oU lintlstst?a1R1:tfiqnd'Uli I tyllnll 1.65 +0.19,156+ 0.21 ilAa-

iurfi nrudrd'ul

fl o.a.rqsr cox udunoly (s6) flnurnrrJnfi{o{HaRltvtrauuol:1d8u:sdu

,iluuuuo tu t6 nnaon nour{rmunulqurrti n -sa ffiJs'ti
z{-da
rJolrl (ulJolqn:tR:?ilnuo18J

mdrnaoo) rarsfirnr:nodorl ggao dilor?i leslirdu.tnfin dn:tnr:tfiordutnfin 33 nAn

' o .. ' i i q e' ' ^ -4- -.lsroTurfi s?{n?1ild 150-50m nz fr:sdunlrudr 60 dBnHL ltu?tn1:uttvt?alRlstnnnduri

v osafln{rrduu'tqrfiudu uernlrsusr?arnr:rfiondud r othinosuJduuutJatorrruorq ttav

' I a C t' v-4a44
nuil ljnusust?a1n1:tffanduil1Rfl?1R1:dRult oil Star ltaynuu (39) tuo{0ln ts:s9lj

Y ..
sd4a

n ? 1il a {1' o{ l6IU.{ n 5 VEU ?lgt 1il R U

au'^-o
il n.a. t qgz Zimnerman lrasnals (60) fr nu rnanr:n ou duo{ nr: "lsrou: vdu n ru

od^daJo"9
dilo{lutdnu:nrfrsfrilotqn:rRn:ilrirmuo 0rnnr:dRUrrloffunrutvtR, tg (ctr'tu,fl?"1), o1g

t d q a at a 'q a a,..Ae ' - 9t e 'i.n:rn{o{t6R rravdst:rnrilnardu{n6iR nrJ?'r lurfiRutRrngmuo'lq[m1nu oo:1fl'l:tRntduil
A 'lAd qv . 4s-.----4d--

naRrnluutltlrurJ00uiiiraqonlsyuvr?a1Rr:tngnau tqtJtflTtlvnciufi v ltnvnt:st,vt?at:s-
a

fi?1{nnu
9g

fl n.a.tqgz Gorga rtnsnils (61) finur{aRl:elollduo{nl:lo0ursfYllRluffilolt
o d o i- q Gr o , _ 

-. " 
o t4.- a, ..d- 'a--' - -.^.9^

rureRu:RrRensnutef?"luilo{ NICU Ing'lstfru{ndn fr:vo'un?1iln-{ 20-E0 dBnHL U?{

n?ril6 100-3000 Hz rru?r:voul?alRrsrfinnaAud I uaunfiilfi v finraoaltdooquar:rd'u
- A 3 ,r' a A & ' 4 -,,4-. - 4^^:-.-4^^

n?tilg{[T{'il{uuaylin't:suyr?arR1:tnonGiuduR?'lRltdRUltlo{nuou "l ctr{o10tuo{ti'10'lR

n t5 fl R U'lqt o { H ? n n lfr tlu dol rfi u rfi u { (sound rreat Booth) lu t ar sfi n r: fi n u r{ o.t n u du 1 li r

luriuo NIcu
oAvq

n:rEum:v$iiln?lilo{q{rdtJilSilR?u0s ttjufl afl ofi15s8ut?alRlttRqnnuR9lltJ

il n.g.tqts Eggermont ltclv Salamy (62) nal??'lR1?vnr:rirrtls.:fiorlnfiuav

il:seinmrflou rirbi:cuvnaln'Hrfi oaa^uqnn duurrdu rms;1fi fl utf; anrnrfi ndufi
d 06l! o a{ j.r 9 a

Acoustic nerve tlAU Brainstem pathway RtyYll [H:Vt Ut?41n1:lnnnAilnill9n1tile0lRttfiA{

l ora
d.rilrdu.r:rn?uil1RR?1 tt{ttil?'t0vtJff 410R1:flRUlmna'l? t??1 ttlo tstdu il

Y..YuAaA
uu dl iln]rilt!flu
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il n.a.t q9o Adelman rtavfl als (so) dnu rntn ?lilhtourgdtuuauolslottlu.tttas

ulrrrr,.a,nr:rfiondulurdnnaoon:uriruuoloutsrflstnfin dsl:rnr:ffinrdslnfin 10-20

ndnsroiurfi mrn rtud 200-2m n" nnnr:fi nu rrTlttanlluslr: rlii s

,"rrNd r,,amnl,odurrur,.arnr:rfiqndud r tutrloltlell{dl

d AA IYIIoq
irs

(s? lll{)

n'lls aut uCIsr? a 1fi'15 tR on nu
A€d

(ilaa?u1?l)

0- 5

?A- 30

4- 72

tM - t68

2& - 420

ry r?rq

(2-3?U)

(6-7'tu)
(ll-17 ?u)

r.8t

1.60

1.48

1.47

1.39

1.33

t99t{t

oounrhno?1iln{d uaslrs,on?rufinrJnfirfiofiilurianrnrfierc,{ufi:vililil:sdlTtd?ufln'l{

nanrrfinurlru?rfinolg i+ iu finr:vuvnarnr:rfiondufi I lnardu,
a i' s d' o A i oo ' ^ oo 4

Itastanoltl O-5 U? tu{ lJfi'lsvuUl?a1R1:tRanauvl I illnn?lry tilq 0.2+8 ilaa?ulvl

I lnards.rtiufllmq
9.

4.2 nl:ct cl?altvnrl.{n6au (Intcrpcak Latcncy mis pl) tflunr:sugt?ar
4 4 h rq 4 4 z3

$'tRqngoo{o{fl ailfi ilir tilu{q9uoa1,o{onnauilil{
A d' j

fi'l:vuur?a'r5 ul.l?1{fl ail tilufrl?l

rduuo'roo,duda{6{tvusr?nrn1: drfitUiU'ralrlo{tcraa
ai

il1Rn?',|n1:vust?a1R'l:tRqfl au

il:varn (Neural coriduction Time) Ioufi:yusrratts?t?t{na^ud I-m ttdq{fi{nl:fl
- 

J, ' tt t t a a
#ryqmrtorllraailtvdlyrluy'xnrueuo{rd?uar{ (Lower Brainstem) m?ot?taar cochlea

lld3 Lower pons uae:vuur?alrsrf'r1{fldilfi trI-v ude{d{nlrrlrdqqrarro{reraa

il:vArnlurxrnuaruola?uuu (Upper Brainstem) mfouinar Lower pons tlCIi Midbrain

d'rriu nr:ruyr?a'rr&?r?rnduii t-v 6u{lun15unn{6{nr:rirdryqrarro{:ruuilsudrvrRlt
9.9.

haodAda
lAUild?URAl{ (Central conduction time) 0VUU R1:nnltUUUl?A]:Vr4?'l{n0ililflltTllJ
& 4 at l s 'q ' oo - 

'o 
, ol o J efru 6{frrj:vJsrulunr:yeu?utnsn?rilfleunnmrnnru ru:sullil:sarmeluuonttas:suu

il:varmaruna'r{le (r6) Copyright by Mahidol University



4frnur n?il9it

Stockard 70

msnarc (43) dBHL

Goldstein 65

rraEnars (30) dBsL

Cox 60

ttasnus (56) dRnHL

Weber (57) @

dBnHL

Jacobson d)

uasnflc (40) dBnHL

Fawer [tGlU 80

Dubowirz(63) dBnHL

60

dBnHL

Stockard 110

ltff,aal8, (49) dBpSPL

Zimmerman 75

ttasnfls (@) dBnHL

Morgan 75

ttnenils (34) dBnHL

Gorga 80

[['6lcfi0lU (61) dBnHL

Eggemront t[09. 60

Salamy (62) dBnHL

Adelman 80

tmsnots (50) dBnHL

ontln1'tRg
AA44
ldu{nnfl /'tulYl

t*

vtz

33.0

38.0

lo.4

10.0

'j
s?.lfi?'ltl61

(Hz)

100-3m

lCx)-3000

15G1500

15G3000

150-30m

250-16@

oqnttn'

td'rjorni

38-42

37

38-42

n -38

39-40

38-39

40-41

40-41

t9-41

39-40

37-38

39-40

4l-42

40

37 -42

2.8r 2.@

2.61

2.56

2.62 2.32

2Jl

2.803

2.7M

2.7M

4644
seust?a1lg?l?l.lnnu (!aa?illl|)

I -m m-v I-v
2.8 2.13 4.y2

n
38

39

40

4l

37

38

39

40

5.41

5.10

4.57

4.70

5.35

5.12

4.94

5.01

4.99

4.98

4.98

4.87

4.85

4.87

4.yJ

4.9010.0

I 1.1

13.0

r5

lu21

100-3m0

150-1500

15G1500

1m-3000

l0G3m0

20G.2000

zio 2.12 4.82

2.17 4.88

2.345 5.171

2.379 5.090

2.242 4.996

_ 5.14

5.02*

5.20**

?t+

emiNfi 4 uaotnrrndutoitssust?a$sm?1{adulu16nmt:n 01nn15dnulell{dl

milrurfiE * rdnorq 24 -3o frlru.:, ,.*rdnotrl 4s -72#rll.r
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lunufifi nr:ld'Auilnfitourhbj,r,oulirtiuoufi n nrrudliltsrurat 60-70 dBsL

""nlrsrJsr?at:slt?t{ndilfi l-m ltnv m-v finril:vrurat z findiurfi ttaufl'ltsusl?n'l:u?l?l{
A ; .l' I a aa d

ficiuYt I-v rinlil5eillal 4 ilaa?u1vl
9.

Schwartz ttdu Berry 1985 (o1{1u 16) na1??'l

a e ' <'q 'o a 4-4-rt::^:-- -.--,,-- .---.nltsCIsr?altslt?1{nduto{fiortn9ao{9t'l,it1tin'rlRatfis{nil 0{00 la?101:vuul?41:s1l?'l{

na^ufi nlrunrdqr cr1il 1:od lilrtinlisurfi uilrfl un1u1e: g1ut; dlsirtniurir:vsut?a1R'li

rfinndu fi,Toornui'r ri'riildo"ronlrfinu1ro.ruerav;owoao{ tsl;nrfirrstnetNfiu d{du

ogfi'uifinrrilodorl uasrnforfiodtn'luoltoodoil (16)

ri'ruaruorlurdnurnrfia losflnurnr:uJduuurJaldrfieduornrlof,u;1ueTr{iuo'trrtouu

ua

e " A
(Subject characteristic) ttavtfr0qn:Vttil (Stimulus characteristic) llu'lltgUg[?41:v]l?l{ndil

rilo-Joq.Y0urilngu$ua{fl1ilrvgun?1il9{ crl|tfla0'tRRltaotsoiln?usf'rfiErarirtm:sustrarnlttfio

I J C i "r' X J a A.i-"rq, A ,---'--4-.
ndum I $Avntiuli V NnltT{iltu ttnnl'suyt?n'ln'l:tnoflaum I ilOgl:'lR]:t?llllJlRR?lnnu
i J 'r b'r ner j' e 4-=i - A {-
fr v Br Don 1978 (ol{lu 20) lonal?l??l Rltvlnl:vuvt?alRltlRnnaun I lililflu
atuudY

rflurfi:'rv?r Rr:aorueiiln?rild{ilo,qrfiu{ fir1u:vssraarnl:tAun1.rto.rriis.rbJf,.rofti'lvgrJ

fllll40U(Cochlea) lSttalU1UC,U ttdg0lRR1tdRulllu?'l n?'llJ0il, Polarity, O9l:'lRltlR9lCTUil

Ac{c-lorAq'4ra
ndR rrasolq riluljott nilfinno:uuvr?a1rufi?1{flau ttav tolduo?lrtgtavnaufl n?til]n1

lsrraruruflu
I dl

r ras 0 1 R R'rt f, R u 1ltu ?'l n?'llJoil, Polarity, dn:rnr:rfiortlu.r

' A u'A d q ' A 
"t 

ro .r A "r 
!

5 s us r? a'lr y fi ? 1 { fl Au 1 a rn' o ril u u r : frq $ r u lf o { rJ o { a rtt'o 1 vtilE u r tfr u u t$o il n ffi fi 5 ? 0 n u lfl

fl n.a Jsls Gotdstein rlasnaly (30) finurnaRlretorldlrCI{nffi l;0u:sduriru
ad'odo""q'dv9t

drJo.rluronnaoonouflllruo roRnaogfi:ljfl]r,ru9 rras lury tfiq n:s$njfr?1uo{ 65 dBSL

fiu?trvuvt?at:sil;1.$n1:rfinndufi t-v nfo rvrJUr?a'rR'Hrirfiqrgrar{o{rqaa"rjsvdlvrRlt

lnOuaaunaxluaruto{fl1ildilor(central conduction time)lu16niifitlqottti sr drJorm',
I 

-, 
I ! I

CIlqnrrn lz drjsril, orqn:rnn:lrirnuo rravrdlfiru finrrnrfr'u s.26, 5.41, 5.10 rlas
a aa a. o u i' a A & A ar

4.03 ilAA?Ul?t 9t1ilA10il 1I?Rrt]flA'l??',r nl:nn',r:yfJUr?AtRlflRgnAilAOA{UUlUOrNolRU

n r: rirdqqrurJ: sarnfi r$ rdunrn n r:fi fi rrlyetin fi nru mu rr+iudu
vv

fl n.q.tqgo cafni uavnatv (s5) finurnanr:$orlduoirRr: toOu:vrfu Rrucyuo.r
,

lurfinnaonniudliluaoq t2 ilr uay orrl : r6ou lnulsrfrsrnfin dsr:rnt:rfiorf,rfrnfin to
A4A

- 20 ndnnoTurfr yxn?rilA 250-5000 Hz fi:vfiunnrud'r zs dBnHL Tru?r :vusr?atRl:
o q ", ' Y d q d a,
ulflqqlalro{rcraail:vdrmluaaurornrueruortofldnorq D iu uas[6no1q 3 rnoou fi nr

rvrrfil s.86 + 0.34 uau s.4o + o.zs fiadiurfi srrrudrdrL drfidgr:ranarlnuradu o.ors

+ o.o2 fi afiiu rfi srod'rjsr?i

fl a.fl.tng Stockard ttavnflv (43) fl n u rn an r: n ou du or R r: 1d0u r cdu

Copyright by Mahidol University



il n.g.tqg: Stockard ttaunils (49)

b'o - 
n l^ C qt v ' u' ' o - 4 e e4 q 4

R1r l9UU5V9UR',tudtJO{ ntnnt|u0lRil00t 9tlitdl tottR TtultdRllt, rcrg{R:sEu, ?frR'l:ljuvlR
9.

uavd?ryirlnr:nndou Jouflnurlurdnnaoen:rr{rnuofifi or-q 1-3 iuuav t-2 ro^oil uau

r0RnaafiRounlflilollriRl?vrdu{non15qqrdunl' tse,il il01f1(u1j5?ilRilolrla55 $ 7j'42
ry

drjern loutyrtlurndn dn:rnr:rfinriiumfin 5, 10, 30 rlas8o ndnsroiurfi s?{tn?ril6

100-3000 Hz olnn1:dRU 1fl 1J?1

- rdndfinr:rirrdurfioilnfi finr:vscnalRlrrfiendud r uasndufi v urrdu
A A i 4a A ' i .i 4 ooe

uasluo{0lRnaun I ilootlRlill1tJlJ1RR?'rnailn v o{Yll t?r lsrjsr?a1

rsil?l{ndufi I- v firirdunirrjnfi
a A< a d' ' 4 A d :' d- rnRmililultdn1nnfi?uro{n1ildilo{ ilnltsusr?a'r:s?r?1{nnur4 I-v rnililil
@adad'ACoa- o9r'rn'lilRardu{naR uflnflonltsustxal'v?f?'l{nauil I-v r1I51300:lRlilRo
aa4addda
tdu{naRilPtanon'ttsust?alR1ilfl onaun v trav0stJfl anon'rsvusr?a'rR15rRs

A i A ro
flauyl I IUO tY Condensation potarity
A v q o o Y' a A d A i A i- tilotu9ljft?'nJfl{a9a{n1 tiln1:yuyt?a'tR1:tRonaun I traynau il v tTuJlJu

'd- A du' ' - 4 4 o q e ' A i 4 I
ilsttJ o9t5 lR l'tv{uvt lrutvt'lRu 0iut?{anl l?t S uuvt?alt vl4 ?l{naun I-v il nldu

nflrJnfi

fl n.a.tqtz Zimmetmanuasnilv (60) flnurfinuarsr{srurnr:{o{r,taR't:

4,ll
fl RU',tR 15 rilAUUrtil A{fl Oitfl AR 1t 9t OIJ 6I1t O{

9r/9rl[aqoilduo{tRr:"[qBu:vri'urnuarusr lurdnfifiorqd.rnnu:nrfie oiln:yfr'roq 6 r6oil 0tRR1:
a ' Ai A AJ q a
flRU',rlr.rj?1 ftl:susr?al:sfi?l{flaun I-[I ttau I-v a9a{tiloo'tflr?Iil6rju ilasn1ilo$t5'lfllttflo
dai
lfl0{nanmd9a.it

fl n.g.tqgz Gorga uasnily (61) olnnlrfinulflrl'll ntryuyr?al:ynixndud

l-m finrrurRR?r:sr,srJarrslt?r{ndufi ut-v duflugrJuuilrsur6u?rTuriu{o.rqilflq uau
a' d o i A d ' ,4q o u aa
ilnlana{raRuo0riloo1glfi ilauou1{ililud1nqn't{dogl

fl n.n.tggg Eggennont ttdu Salamy (OZ) flnurr{fl u1Rtt{o{sraR1:stouduo{Rt:

ldOu:rdlriruaruorturdnnaCIeRourir,rue rravnaoan:ildrnun Ingt;rf;u{nAn dn:rnr:
6ataa'ad'iiuu

tRgtcfU{nnfl 15 ndRflo?Ulll s?{tn?lilO 100-3(nO Hz ?ltyoiln?1il$i{ 60 dBnHL lllj?1
d ' o i< e. td' ' A.'

rdRnaoeRourirnuofifiorq z drJern finr:vuvr?ar:ur4?rirndufi I-v rnrrYu +.2 - o.z fia6-
AatdTurfr uavtfiRnaoon:ildlfiiloolrl 6 firJorri iinr:suvr?a1rs?r?r{ndufi r-v ryr1fill 4.2 -

s.o fiafriurfi

Copyright by Mahidol University



n

fl n.a.tq90 Adelman uasnfls (s0) f;nurnrnmrul'ltotqdorouauststot;lul
' a A o d o * q1q - o o a 4-. a

ttdvnlsuuyr?a'lR1:rnffna=ulu16nnaoqfl:ilri1fiuq Iqu l5t6lt {nafl osls'lR'l:tRalflu{aan

A'ozr'd4,.d---^.-,4-.-..v
t0-20 naRno?ulvt s?{fi?ltJd 2(tr'-2ctr0 ltz o1nnlTflnu'lilU?1 ru'orfinorg 5 t6oil fS iu

fiinriinr:vsyr?n'r:vrir?'r.rndufisrrn'i'tdtnqi lnnrtrhirmEnaalnufiqitnqind'tttuur?a'l

ntdrdryqrartouryndrJ:carnddunlrrdn ruoorruro'rn Myelin dro?rguavaruq:orhlvruhi

ii nr: syo"pse i,o{ rcraaltvilnl;fi n'lrlu rd n

r. rloft fi fidnGnagtoruaRuetouduorl

e.r BnGnaornfreryYunltnoflou (Subject Variable)

4ioAatI6.1.1 oq 0lRnlsfrRUrrfiUerTudnfrnatolorqooruaR'l:eloilduo{n1:lnt,^u
99',.

: v o-rl R "r u dil o { r, o { fl i 0-u m a r u 1 n u fi t{ 1 u tJ 1 t tdq.l 1 u rfi u rr rira
fl "r:rilauuilua.01o{?01R1?s

(Mat'ration) fi e.rarirtrifinuarvgrJi rrrorn du n?rilq{to{fl 6u uns:suvt?nrnr: rfi nndufi

nr:r:JduuurJn{ (16, 42) rdorornl6nr?uflo{rdnfin'1rrufrrurfi'un:tYuu.'q narrfro finu

nl6uuuilnrnl{616ryuavIn:ra:rrro{:vrlililrsd'rvrd?uRnr{ ttnsssuuil:varna?uuoR

tsaa'il:ud'lYl, Synapse, Cochlea, n'lru;lu-

ynullo{Tdunnl.ttrav{duuoR (63, 64) lurfinnr:n orqfinaoro:vust?alRltrfir,naaurflu
'-t,aod'ot e)

oulrrrJlRo'{1ru6rne:druueolrlrilus?l 1'lunr:ar1{n1ilr:fioglu
u4"'o-'9'

R1:lJUnnr{An1:9tOUflUO{R1r [OUUrSeilR'rUflUO.i dlrj1:Crfirl0lU16nnaOn
' o d o uro' d - 

o, ' q d o 6
ROUR',tfiUA ttastOnflAOefl:ilfl',tl.tU0 tAtSUr0U?fl1J9J [?ttU tUrAnflAO0fitlJRll'lU9lt:RtR9

rvrfiunr:nouduosrfiur : nfiu lsir,riudud L m $nvndufi v rdnu:nrfiofi:&uvt?arRl:
a A A i' i

rnenauuavn?1ilqJ{fl o{fl auilgr'r{01ntJ lfl fu dlrfi Euo{n?'rurtgrRsr'liltxJo{il10'lR:vrJlJ
4

il:yeinnr:ld8ufiiroiryhraruq:ar"rdrud 0un:ufi{rfinfierq l8 reoou- z il f,nuarvnr:nou
99AqztGl

dllo{0{0v tnarnu{ry t?rq (16)

dd6'o-oI n.?1-1974 Hecox [t0en0lv (65) f,RU'lflARl59l0ljCfUO'tRl: [9UU:v91JR]U-

aFraod.;--
dilo{Ier,rilTuuriiuulurdRflaoefl:unrmunfifiorg zr iu o1q 7 rflAou uavlurylmq ?ru?l

q C i o d - 'o d a d a
ssust?alfll:rRoflaufl v turonolE 2l "tu u'r2R?l turonoltl 7 Laau rtasr9Rolrl 7 roou
4 a 4 i 'q 'olJ:yuvr?a]R1:rRafl aum v u]?R?1 llJ9J [?tiuCopyright by Mahidol University



28

fl a.asls Schulman-Galambos ttdu Gatambos (54) finurnanr:noufluoil

nr:ld8u:sduriruauotlurdndfiolqnrrn' t++z ffila'tri toutqitaulndnn'lrrdr eo assr

dn:rnr:rfinrdu{nfin rg.l nfinsroiurfi urlnarrud roo-smo lrz oui'trrur,rarnr:rfinndu

finrnoatrfiuu'tqfir"i, uasflil?'tn'ttvust?a'tR'l:rfionaaufi v fidst:rasaliltsuril 0.3-0.s

fiaffiurfistodrjsrri duilununjduuuilntfirfluhlnrrul6n't?u(Maturation)ltoilluuuR'15

ld'Auarruort @eripherat auditory system)

il n.a.tq7s Salamy ilCIu McKean(42) finurfrsxurRl:slo{fiaR'l:etoljdllo{

nr:ld8u:rduriruauorlurdnnnoffnsilrirfiueorrlruRflaoe - t fl Insflnurrfinluu:l

o'lq 16-96 #'llrur, I ta'ou ts iu, g tfiou, o r6ou ttas t il
ql4

rril?1 aRU0tsilJ:'t{lJo{nau

ovrJ:rngfn,oudurluulqdtiiud, ,,urlnJrfiurqitrnqttiutfiofiorq :-o tnoou ttas:uusr?al
a d A ;d ' a Ad-4-'-q-le-.-^--1q-^l-e--<-

nr:tnsna-uaoa{uJoolqrfiililJ 1I1l?'ttsuer?a'1R15[Roflaun I ufi'l tnatnu{nil4 tlltu$atqn

orq t r6ou ts iu ,,urorrrur,?alts?f?r{ndud I-v firirlnJrfistrut"qi rtaordnfiorq t fl
t-

fl n.fi.tglz starr uasflors (39) finsrfr'flutRr:to.ir:vuunr:loOulutEnnaon

nsudrmun uaunaoen:ur{rr.ruqdfiulquttti zs-u ffiJa'ti t{ll?'t n'ttssstrarnr:tfin
A A d A d.r a ; J A d qn e

flGiu I, m uaunauvr v aqaflfrarfinfi1finr?u (Maturation) rfrilfru frlovtfrulnornnr:tv

nrrrudr 6s dBsL rdnfifiorgo ,ri za firJorrf ,,ar,6odfiulrlurrri ao drJnrri finr:sssr:ar
aAj'-aaa4taaaalovz{

RlflRnnciull V rn',tnil 9.9 ilAA?Uln uaU 6.9 ilAA?Ulm gr1ilA1nil ttAUrunrtstjsl?n]
'jj'-aaadaaadou4@

:sl,t?'l{na-uyt I-V lvtlRu 7.2 ilaa?u'lytl[nv 5.2 ilaa?u1119r1il41nil [tav0]RR]5flRU1U{

nu:r lur6nnaooRor{ri1r4uofid'sr:rnlsanawo{ndud v urnnmlurfiofituutotudrilus

*rfiuldornrdnfifiorqorro" tz ffiJa'ti oun:srfrirdnfiorq v ffiJa'd nltuuvt?arnr:tfi's
A I a aa at a ia ia n -t n ,i d d

nfiufi v tyaen.{ o.g fiadturii lurorvdrfiodfiurqurro'rs frrJerri oun:vfi'rrdnilsrq
t o, t' a A d a aa .rn::n 40 crilalil fi'r:vuvr?a1R1:rRaflaum v ovaaa{ 0.1 uaa?ulvl

d a hto ail n.?1.1979 Goldstein ttdvnuv (30) flRUlaAR1:9lOil6fuOqR1: [AUU:snU

riruaruorlu16nnaoonoudrmuo uavnaoafl:udrnuofifiolCInrrR' vqz &)ani uyrr
' a ai ad ' " ' ci a

fllteuct?alRltlRflflnun I, m $aunaum v [ravn];st &[?a'l5slr?r{naun I-v ana{riloolq

r$iud, uavr6 nfi fi olgo r r o' r r drJ erulil ou n:vfiirdnfi fi ortpn :ro" ., drJerd u',rrur,.u't
A44tdeaaa

R1:tRgnnun I runlAAn{rvrlRlj 0.73 ilAn?Ulvt tlnunl:uust?al:sil?1{naun I-v aga{lvtl
u a aa d < ia J -, t r & a or J 

o
nu 0.42 uaa?ulyl rqRmilolqnffin 37 drj$r1?r trjouRsy?tilronil0lrln:tfln:uRlfiue nl

aAdaaad'Ad
:uugt?aln'tStRnnaun I 0uaaa{ 0.07 ilaa?u'ln rraunl'uuut?al5y?t?]{nnun I-v fl saqnil

o.ro fiadiurfi ,,aro',o,6ofifiuerorgn:rn'n:urirlrusrbJoun:vyird.r;uqilnqj nr:vuvCopyright by Mahidol University
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a i C a aa ' e i---
t?alRlrrfinnauil I 0unna{ 0.tl ruan?urvi ttavnr:susl?a'l:utl?1{naufr I-v osaoa{ l-07

fiadiurfi o1nnrdnuffiqill;;l rdndnaoonoildluuo finr:suctrarnrtrfiendufi I

u1?n?lrdnnaoon:ilri1?ruo rfiorornrdnnaooRoutitiluefi:vulJn',:ld8udfiurn?rghi

uu,lrd uasrdorfinfiolel 2 il dlosfinusuvt?arnrrrfitudud I lnirfiolfYudtrqi
9.

liFl 4
1oril5 u:.t r14uun'ltuuvt?n1: v?l?1{n

/ .A
t]{nauil n.f,.1979 Stockard [tagnilU (43) tolll:UlJlvluufilTvuvl?n.l:vYl-r'lt?l6lu

I o d o d< " --e----.. - 'q ' -..--l-;-)-' - ' - - ^ i-ia 'l
fi l-v'lurHnu:nrfrnfifio1rln::RnrildruunrIuryluq Hil?lilnlq1{rilJtillnu 0.9 ilda'}u'l1l

tlurdnurrrTu +.sz fiafiiurn qit?tq; rvrrfi'u +.os fiad?urfi)
I,

1s?rn: rsmnafl 1t eroudlJolnr:lo8u:c6'uil n.f,.1980 Gafni uasnuy (55) t9?rn51sl,lslafl1:9roufluoilRlrrnuu:&au

riruauo.rtu,6ndfiorqn::n"n:uriruufl unyfinnrilnanl:finurdnrfisrdnfiorq s r6ou uuir
Y.9to a 4 4,--- a 4l--'.'l - h q @

6.tunrrrntilntun:yr{lgtq 3 [60il ilnr:suytralRllRgnaum I tilltnRol1ilfll.l ltaufl.lttsl

fl nu rn an r: gorJ6ri.ro{Rr:ki0u:sdu

Ir:Rtfiooun:vfitoq r r6ou nltuuut?alrrnrluodud r-v aonltudn:l 0.03s + o.o2

A € a' va d

ilaa?u'lmnoflila1?l

il n.A.tqgO Kaga ltau Tanaka (27)

riiuaruorlurfinrrrorq t-ts t6ou ortl 2-s fl uavqilfiq;CITl rB-22 fl uu'lr :ss&t?alRl:
A .dJ

n9a{rtJoolrltllilflu uavn'rn?'rlrl'lto.rrEdsrouau otsrotdu.trfrondufi r, tlr uavndu;i t uruurduulgrfiudu uavnln?l]rlrto.:qdoouauo,tstotdu.t

(ABR thresholq fi nrae as,duulgr$iudu lourd n mr: nfi rirq.rqoni "rilu tz dBHL ttutqilnr1

finm'lrruhruurEiiruuauo.tsrot€iu.rrfirqorvrtd't s dBHL ttavruootdnfiorqil:vuru z-r il

ftfirirlnJrdur;uqilnq

anorlurdnnnoen:ufilnuofifiorqorroirfuu'tgn::n':rrufi'uorqud'lnaooy o.-4s drJorrf
'l v a

flu?11i:seufi?'trjo{ 60 dBnHL :uust?a1R1:rfiendufi v tolr6nfiiiorqn::n" qo dilsrd
sr la' t . oo

rras 49 rrilqrm runrrnrf,u 7.16 uav o.zz fiafi?urfi srrrudr6'u cr{aaa{tnlnu 0.44 ilaa-

" iziri Ai
lurorvfindufi t rravnauil tu ilnltflauaoa{tvtlriil 0.25 ttav 0-18 ilaa?ulvt stltJ

raarnr:rfisrnaaufivtsu6nfinrloJtduu;uqilrrydordnfiorqtfldrmiunr:sovr?al

:rnir.rnf,uii t-rn, m-v uau t-v finraqa.rrfioorqrfirud, olrrurt?at:ufi?litudud I-v lu

"rlulqurrri 
q-+g &ila'tri nsa{tvrrfr'u o.zz find?urfi

fl a.a-ggzRubinstein ttdv Sohmer (58) finur:vgsr:nrnr:tfinna^u01RrunR1:

$rouduo{nr:1d0u:vduriruaruorlurdnnaonn:uriruuoorql-Efrlru'ruartuqilntg

nu'rrrd nfi n'r: vuvr?a1R r: rfi ondu d t u',ro tluguqil:vrurat

^ A d d a'o no % 'i d d - 4
:uuur?nln]:rriqnriufi I ilo'tr9Rrlfll tnatnu{lfl tilqruolaRiloltl 2 lnou uau:sgv

fl n.A.tqSZ Jacobson ttaynflu (40) finurnnnr:noilduo{RrtldOu:tduriru-

ad
?u111

a'tnlJ

AAA6A
0.41- 0.45 ilaa?ulvr ttauruoCopyright by Mahidol University



riliuurfisufllgsCIur?atRr:rfiendud l lulfinlE:nlfieorq t-: fralut (1.81 t -x fiafi?urfil

nirrdnu:nrfiaoq 7-s #'rhr (1.72 r0.1s fiaffiurfil nlirhifinniltronetrsfiustNfifis

drftyvrtafifi e y

il n.n.tqgz Roberts uasnals(6o finurnaRl:srouduolnr:lo0ursdunru-

aruorlurdnu:nrfinfifinl.rduuruouEtgtflunr:1d'Audfiorq urri zsaz drJorri fiorq

rndurnrriu n iu 1irfisqn6n do:tnr:tfiorfisln6n rr nfinsloiurfi :vdunlrrudl

z0 dBHL :sdutfluq:un?u 60-6s dBA rlu.ltdndfiul,1ottti rz-:: drJnrn'fiulttutt.al

nr:rfinndud v rdrfiu s.s fiafiiurfi uavrdndfiorqn::ri ao drJorm'finr:vuctrarnr:tfio

oduti v urrriu z.e fiafiiurfi
d a da a r 

---al-il?RrrrRal??1t6RtttRtRgfi il?fl n1?sdllUt0t n?:iln'l

rurrsr?alRlrrfionduii v hirfiu q.o fiafiiurfifi:sdunarruril zo dBHL

il n.q.rgss srockard rrasflotu (49) flnurnanr:noilduo{Rr:ld8u:rduriru-

aruo{lurdnnaoonourirruouavtdnnaonntutirmuo
' A ol - e

Ttu?1til o tsn?'|il9{E{uauosl:'l

nr:rfiortlurndndrnsrJ:",ogodrd I rravndufi v rflun#u,,roduruulq n-so ffiJa'ti ttas

iinr:cust?arnr: rfi ondud t u'tt o i',t6 nnaoon:uriltusil:sru1il o.zs fi a6iurfi

il n.a.rqgs Lary uavnal y ez) finurnrnilrulrtotqfiorouduo{etoR'Hllodou
99

nr:ln8u:vdunrueruorlurdnnaosnourirmuettasnaoenrunl*rdiiorqn::n' n-42
v. , s o 4 ---l_,d_.io ,_t--.! adrloru logfirnr:dnu'tuilu Longitudinal study 1l1J?llqRnuoltln::R 27 dila1?l tI
v | ' 4 i dtr'-
anuuvElJ:]itllo{nauil v 1l til'rotou ruavnerruht otqfi orott au o.: s, or;turfi nrql Iou

raduryfrfi'il 43.4 dBHL ,,auduulq,f,iudu <+z ffilatild'nuarrgrlirlflolndu#srourfirudu
rn .i ' "l a'i s '

n a ril'hcJ o.r q fi or o u au o.: sr o tdt { ii n r d r a I I o u tndurmr rYl I 3.5 dBHL

il n.n.rqts Durieux-smith uaynuv (59) flnurnanr:nouduo{Rr:ti8u:coTu

riruauo.,lur6nfifiorqcrir:rrurYuorqn,riytz-se d'rJorn' or:irr6odfiulgottti 32-36

u, J 
- t 4 q 1 dot' a A I -- ' st

dilsr?r, 38-42 dilql?r lrau 52-54 tiilatil ilnt:vuul?a1n15[Renauil v tmlnil 7.39 to.N,

6.89 r0.35 Jnv 6.42 +.o.zlfiadiurfistrrudrd'l uavaqilrr:suul?arRltrfisrnnaud I, m uav

A i a' A ; i
naufl v ilnlann{ruoo1qrilil{u

il n.a.tggz zimnelrrtan uavnilv (60) finurnanr:nouduoilflr:1o0u:vti'u
t ^, a ad e.i
nruaruorlurfinnaoon:uriruun n:J?rnl:uusnatnr:tilorndufi L m ttavnaufr v frnr

A ; J a d ' o - ' e d ,-- -ana.lruCIotqrHUru [lau tu[gRUarorqrr:nrfra-14 iu n1:vuvt?alnr:tfr'nnauaoalrurnfiqo
alorl'-''ojj""o-'^

rfinfifiorqd'rue l4 iufiublfin'l:urlUr?a'rnurfrsnfrufi t lnarfrurriurylnq uavfinrtnrrTr
'o 'A 4 a id 4 u d ' o A i --

4lrrydioorq t rn-ou lurarvyufinolq 6 rs-ou 0rnriln1:vuvt?nrR1:tReflaum uI uaeCopyright by Mahidol University
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ndud v ul.oildlnry nrnttmqilliilurluau,;r*"nuuudud I rfiedur$lnilodud m
j j o ' .q t----). +--A-. 4 -rd-.-...-t--.4,

Iraunfiufi v gau"luu?{ l4 Tuila'{naoen'rruus[?a'rR'titriondil4nnciutilauutlila{t:?lJ'lR
99

fl n.n.tqgz Hyde ttdurtatg ('t6) dnurnanr:floljduo{Rr:loau:vri'unludlJo{
'da

unnauYl
9t

lurfinorq z-e t6ou rttt?1olqs?td nr:cuvr?a1Rlttfiendud r hnJduunrJal
a i ' e d - '-4--.A-- -4-.i-.+^sr-.-^sm ua&naun v flltsusr?a'tfl't:[Renauouaea{os'r{nolfio{rfroorqrfirufru fitfinarirlunr

a a c d ' -'d a---,.^-4--.-d-.d
:vust?a1n15tRnnaufl I-V A9A{tOUlrtSlOtUO.llSlJti'U n?ntCJraqil:rtfinnt^oolq 2 t6ou ndufr

a' A 'e ! ' ' a A e.-' ---^-q- q
I tsufltn{n unnailiiv lusarorq 2-6 6ou n1:suvt?a1n15tfienfiu0sff{n{aealluo'slrr

AAA
0.1 ilan?ullloolnou

4 q-^ - I 
e

il n.n.tggz Morgan ttasnuu (34) frnurruanr:noilduo{n'ltloBu:so'1lR1u-
o d o l"r t --.e----.- -d^r- -.^-.^1q^^^: q s--.q-1- v

dilo{lilr6nu5nrfrnfrilotEnr:Rn:Ufrrrnuo tdnlo ttasfll?lt! a1q 9-29 tJ teUtsnllilerl

75 dBnHL nu?1n1:yust?a1flllfinnduii I, m uasnduii v uaunlrvuut?a1tsl'l?1{ndu

turdnu:nrfinCImn?Tdnlvrr*arqtrnq rraynil?lXutdnu:ntfinnltsuvt?a'Hvmrrlndu fl

" ' a d s %
nr:rilduuuilar lournnmlutHnIstrtau4lfi q

fl n-A.tggg Eggermont tt6tu Salamy (62) dngrrfrmurRl;1,o{t ABR Pararneter

turdnnassRoudr?riledfiulqottti zs-rs firlnrn' ttattdnnaoqntildlfiuo firnr:

ril?uurfi uur6 nr{u z n qru rruaodru?uo'lqnr r n'rrirfiu piuorqn: : n'nounaonttasr't fr{nnoa

5?ilriu) flu'rrlurdnfinaoenoudruuofinrruusr?alRtrfielndud I uasnadud v
'a ' I 4d

u1?R?lrdRnnoontufilltuo ttflnltvuut?n'l5s14?1{naufr I-V

tgqrurouwna'rJ: varvr tolrdnvil 2 nqu 
tliluet 

nst 1{ riu
' o i s 3'a ',y,4-d4---.^---t---.o

naogRouri'|ilu9[tJo t910u R:vYl{tJo1qtn1RUlqnmilolqnt5Rn5uRlfi uo ovr.l?orRl?s
e - ' iu' ' hr a i

l,o{l:guilnl:lo0u:vduflludlrolt(Auditory brainstem maturation) fi"lilttstnflr{lilotntdnfr

naofln:uri1?1u91
It

fl n.a.tqgo Adelman uasnils (50) dnurlnnlierolrrtuo{nlrlg0utvdilnlu
o d o d< .,i,s ,4 4-----..--j-<^---^-e

duo{lurfiRnaonn:Un'liluemuolE lU? lil{ - 5 [9iou 0lnRltflRulT{UlltgRu:RtRe- 8 ?u

' rn i ' ,r. da l' y-. - d---i.-.r^^^.&--,) -
ntfl?tilhro{t11fl0udu0{9to[6lu{ tiofl;lnna{ 2.15 dB elo?U ltastflnnilo'ltlgl,llttel 8 lu
qiuTrJ n1n?rilhro{ufinoilduoreroreu{aea{ 0.06 dB eoiu uacrdnfifio r! zG4 - 4?n

o1s 4 | -u .r' q d -'..q.ql -.:-----' '
frlrul uiorJ:vrurar rr-r7 iu frnrn'lrruhro{Tfinoilcruoleotfluslilunnortotnfllflql
o u a d c d a -u o' -e--4-d-----q- s
ilrrnfu:yust?alfllttnaflau lur$iRrrSRlRg - 2 ?u ilnltvt,vt?alR]ttfl9flaun I a9a{ tilo9:1

A aa .l' o d ia J ' - 3 u r a' ^ i C-
o.zo fradiurfrsroiu uavrfinfifiolrld'rust z fuTuhJ ilnr:vuvt'rnlnt:rfrffnfrufi I anallu
@ a aa a' - A d d q a
on:r o.oot+ ilaciiutrlsloiu ltasruotoRtJolq 11-17 lu oilouilnlSsust?nlRlttRennun I

4
etr{

*4o
cr{ rtcr9 { CI{: uuut?a1R 15 1l'l

-9.t

rflunrruaerlru#umrdnfi
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lnarfiurrYuqlnq
Y.

drmYu:vttst?n'r:vri?'r{odud l-t nunrdorfinfiorq s r6ou ts iu

flrnrfi nrrvuvr?ar5s?t ?'llndufi urrn'i'tqitnql

6.t.2 nirfl ornnr:flnurc,o{fn?ir't ilarunu nuiltuqilnqi ruafidvrf;nn

' a A s C - 6.r' .e^^A-.r' e '
sro:yCIyr?a1n15rnona'u Inufirnnn{rfinr:vuvt?a1nr:lfrnndufi v frunntngmoiltstJlol

o.z fiadiurfi crol arruqornrfinnrnnrsinludurnr,ofiutortvtcttfiluavtnnvru tduu

rrnrunu{rfirumf;:uviirdnnir rfirlfnrqrfiu:uuuil:scrinrorrldOuduoi't dlrfirbi
'a;o

nttsust?alntttnqnarudunarlutuffsltf (Stockard tlasnuv (67), Gorga nasnals (68))

6nf; fl acf oca u JI u u progesterone lu rn amf rv'l{ u d{ R'tt n R hl o sfi : v rfi'u t ut"h,u qo qt ttnt

,uouuo'r o r u Jluuprogesterone ri rhirryaa'fi n mil 1 rst o n r: ldiu orr n r uEil 0 l n n : vrtdlil?h
/o 3o 'l ' 4-' ---.-.,-e^.:rrauso:IililfrfrnanotahJrrnrria rirlnqanr4fi:tnruqlfluoru 6trfirlmnr:vust?n'lR't:

A A A o !, ' a- o - -aa - --. ^^-^3rfronfiufi v to{rildfifirfruarouniiriudrrirgrn{dfifi (Dehan ttdu Jerger, 69) uoRolRfr

Hall (16) firnuerlurunmfuravruarrufifiorqoglu:vdurdu?rTu tilfl?rflovfinr:vusttnl
A i I I q s q d a'4 e 

'
nr:rfrsndufi v dunalltf,s'ru drmitlurfin firlfinuruau:1urt1ue{ahdtfi

fl a.nJglg stockard uasnilv (43) finurruanr:nouduoilRr:1n0u:sdunru-

aruollurdnnaonn:udr?ruoolrl t-+ iu'iru'lu 77 nu r{lurdnrnamu'firuru a+ nu tdn

rnaurfi.r,$ru?u 33 nu rnumrfio,y,ailurrasrdnrnelrtfrr finr:rucnnlrrnr,,udufi I- v
'-aaaata/-ool1

rmtfiu 4.14 + 0.23 rrav 3.93 r o.zo fiafiiutyr 01RflaRl:?lnt1s?ryr1{dfiemrl?r rnRtilf,ulu
d a ol' ' A i---q 9' ' <ql .-o,--s------.aa

ttatrdRtltflt4iu$ iln]:vtjUt?a1:y?t?1.tnauil I-v tilttgrRgt1.{lRuou'l.tullufllnfuyl'1,$flttsl
99

fl n.n.tqgt cox uoufiaty (56\ finurnanr:nouduoirnr:1or8u:v6',uR1ildrJo{
n d ' o i a d " -- - otl " , ,.- --4-d 4
1ut6nnaonfloilfl1ilu9 ytrr:RrRorjo1qn55n n-36 eflAl?r ttavmlRltvl9doljmotoRUoltl

t.J^tY
(rir:rrun'uo1qfl55n) rm1fr'u :s-qo dilsrri nanr:finum'ruanrlusrr:r{fi s (ilur 33) uu?l

rdnlwamt!,riirruvl:arnr:lfienfiufi I .dud v rrastrsut?at:uil;r,lndud l-v luvuotq

uiu ur .s-ao ti'rJ o ti usr n er r { fru rd n til avru ot r r fi fu drrYtx nr lafi fi
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err:Nd s ,,erool,ndurrr,r,anrnr:rfinndu uauryuu,rar:rrri.,rna^u c,oq6flrilf,ru.ru
c,

ttavtdnrtflmfl lotnnudngrto.t Cox ilduft8tu,56)

tst sr?6r1Rr:rfinndu 1fi affiuriii

33-34

35-36

37-38

?94

+ rfrou

3.52

359*

2.gg*

3.22

2.81

7.80

9.55*

7.9s

8.47*

6.98

428

4.96

5.06

s.25*

4.r7

3.29 7.96 4.67

z.gon 7.62* 4-67

3.:39* 8.1I 4.72

2.95 7.72* 4.77

2.El 6.99 4.18

* P<0.05

riruaruorlurdnnaoon:uriruunfi iiolrl z!049 d'rjoti
fi n r:suvnarnrltfi ondu truusr nerr ri'u

Iil n.g.tqgs Rosenhail tra&flals dnu rn an r:noildu o{ Rr: lrrOu:vdurnu-u ?l'PI.leu) Rosenhall ttA&nalg (70) f,RUTIARl:StOudUO{Rf:1n0U:vd'UnrU-

eruoltunuorq s-ls fl nil?rsvusr?arnr:rfiondufi r rotrnfliyruunvrnamfrrhrfinrru
..-- ,1,-y-. a A irtnRnl{Ru :sugt?dlRl:rilnnnufr v 1o{r1tf,s'luuranltnnmtfr{ 0.1_0.2 ru^affiurfi

tsuyr?ar;ynr,onfiufi I-v to{qn"ruu.rq nur.t

fl n.g-tqts Durieux-Smith ilaeflgly
9.

:vriurnuaruor rdnfifiolqorro" sz-so ffiJa-ri
a C u' ' -r?a'rR'r:rR9fiau tilrr9Rstl{ Ril

rfl nyluul?R'lrrncmtfrr 0.1-0.E frafiiurii

(s9) dnurnanr:florlrruo{Rlrli0,
..--l-d-J - a-r'

t'fiJ ?'tro R ?tiilllfltluuautll fl fl q{iln1f uuv

arorlurdnorg +B fl
il n.g.tqgz rhiviergevrerge tldyCote (71) flfiu'tflnRttnoljdilO{Rr:lnEU:vdUnrU_

numrdnrnsrrufinrrvuvnarnr:rfisndud nr. rv uasndufi v

ttdUCote/ finurnnnr:eolldl.ro{Rr: ln8u:vdurnu-

ttau:vuvr?ar:tn.rlndud l-m fl'l?R?'unrf?ftfi.rrlrvurar 0.10-0.11 findiurfi ustnlrvuv
_.+-_4.i_ _.d d - ob'a , 

-r?alRltrRonaun I fl o{r$iRrfi fluruuavrfr nrnnnt[s lruilnrrilustnfl rrrlu

il n.a.tqtz Hyde uGrufiats (46) f,nurnanr:nouduoirRr:1n0u:vdunru-
- q d ,4- c a d I 

ata a
cltJotl [utelRolrJ 2-6 lqou dlu?u 230 nu trnruantsTrnr]ufiTtu?r rna ildvrfrltano:sus

il n.n.tgtZ Jacobson uasflolv (4O) flnu re{anr:n ouGruo{R r: tdOursd'u
'!,a

n r mfir 16 n lil f, fl turrnerd n nr cm f, .r

I

427 4s
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r?arnrsrfiandud ro uasnfiufi v utihifiuqafi'u:ve,srrarnr:lfienfiud r doldnfioru +
4 d ad ^--.e--4-d- ' A d g 'slqou tnRt11f,?ltu{il:sust?a1R1stRan6iuli V ttastst st?at:smerlndum I-V dun'lrrdntng

ururnrnlu o.zLLas o.rz fiafi?urfi srudrdu
Iil n.g.tggg Lohmaneeratana (72) dnurnrrjn6ro{flaR1:stouauo{nr:1d0u

rsduriruauorlurdnorq r fl z r6ou - s il }$J?ltn RtHfls'18,iln'Ifl autst st?a1R15tR9

-A-- - - --l---4-, -.^-' l- E- a a aa ar o enau rrausuusr?a'l:sl4?1{nau 01?R?'lloRrl{f,?tru{ 0.08 tlas o.tz riaeiiurfr struiirfl=u

6.1.s qonr4firo.r:1{Rlrl IsuliahJuJ:tunuiifi qtolrnaur;rui t#rrd n

tr:ntfio - eit"till qaruQfiluimnrunshrfiouruolrruuauornr:nlJ0u:cAu;ruf,rroir
Aq

runqililQfJ I r so orsrrqarfiua nfo qonil 3s

olartqatfiua t* orjudtitudfiorruduwsnr:rfionrev Hypothermi" ldud rdndnaoo

nourirnuo rfo{rirulnn'rornnr:daruosliildurr'',uuu'roqu,,ru ,,arlunqurpirudfi

nrattiluos,ontrrfinnr:c Hyperthermi" lduti qitirol,;amdo lsepsis) (afl Hatt unc

flaru (r6)munulitr rdoqarvrqfinnar finafirtrinr:surnarnr:rfiondrd v,fiud, Iou

nlrsusr?a'tnr:rfinnduii v oufiudu o.z fiaffiurii v;nqanrqfifiann.r r olsrrrynrfiua

,,uuduq*n4fiqrdu finarirftinrrvusr?alR'r:rfinnf,uii v ana{ lnunr:v$cnarnr:rfio

odrd v osaoa{ o.rs fiafiiurfi qnqorn4ru^dq.rdu r o{qrrryarfiud (16)

tl1?v Hypothermiu rirlrirryaa'rJ:saryrfi Synaptic transmission dituu gny

nrrrurf'llunr:rirfityqrarnu.r,"uu'tjrydrflaea{ 6rfinarirlri:s0ur?a'lRr:,fisudurf,iudu

rravluryrjrufiir.:nrufigoru4firfirni 1 |+?r orsrrryarfisa oyhlfunaRlrerouduorn.r:ld
A-o
uurvoljRluduo{ (73)

il n.s.tgzs stockard ttavnals (67) finuryrrjrrdoqarn4fidyrNrfiuorilr:sir-

ot', :s orgrrryardua finrnrirtri:vuur?41:v?rar.rudu,fiud, ,,uru.,uquruuuduuruu

drniu16 n rr: nrfi o frq 1u fi ln: fi nu rrfi uarYr qonrqfi arfi 6mf; n asr op.r aR rr ?re dou
y9

nrr lert,^urvdu nruaruo.ruio'lru ( r o)

r.z Enirnraornr6lgln:vQl{ (Stimutus Variabls)

6.2,1 zvdunarudl 0ntensity) nr:rilduuuilal:sdun:rud'1fiarasto:yovt?al

nr:tfinndu ttasn?tuq{totndu te'ufi'?lil rfiorfiru:vfittnrrrudrfinarirhinr:sus,rnrCopyright by Mahidol University
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AAAd
nlrrRnflaunoa{ uasfl?1uqw0{nnu0vql{flu (16, 45)

.34LV

'3ttv

80(D

70(r

6orD

5oitr

t0(D.2fuv

lY/dv OJl

nr/dtr lJ

.-rd --q^-^---!. -..irr-. ' o C j
lljvl 3 ttdelrl0nnflaflo{t6iu{R:vEu milHdsrorvuyr?atnl'rfrofldu fi?1ud.rro{nfiu

,t j
tlaglil:1.l1lo{nau (01fl Jacobson J.T "principle and Application in Auditory

Evoked Potential" lgg4 n; n, e0)

01nIilii r nvr#uirrfioao:vdrn?lrrd'.r fi r1;:surrrarnr:rfinnfiurfirudu nlru
q{ r o{n ndu ne a{ uasfl ')tilfo rout o.: grJi r.rnr du ae a{ (24)

i o o.r o A^
tu0 tfitcIU{ntygtuflil

I

n?luei{illn tvr4rtn:vus[?n]nrlfiunrwo{rfirl{01nfi;sn.:trilIfl (oval window) hJf,r
' - ,n t t ' )

rT?u$'luflo{oiuevgilnumoslvt'ratlu:rovdul to; rfiulfifinrrtrirrurn oyrirtm Basirar

membrane fruavrffouu:'rfiu rfirlri Hair cetl ,flrurururngnn:rogurfirhirfio sparial
J- t I

summation(tcrdailtvdlyl6ruruurngnn:uEulilt?aildu?riillirlnrfrn postsynaptic exciration

potential)lf 0{ nrutrdilsvilna tutuil:rdt?lrflu'$ 1u?uu1n(75) 4 o q ed r' A "i0rtyrl mntuIlJ: 1{n auvl

frprtou (to) ttnettnnltd Basilar membrane duayrfiourr:rdu rirhi gui, ."u dun:rdu

tvutdu:fi'u 6u{luntrn:volurJarurJ:varvrrirfldnr'rddu rirlf:suynarlunr:armu
9,! " | 6 * q r- a a A a J
erq ru I 0r 1, o.l rcrn d il : u 6yt 11 I 1 n il ir? 0t lt il.t lil rl{ d n uSrr ar n fr I 15 ? ilu ( I 6)

ilnfinrtrutiato.t Traveling rvaveult Basilar membrane duinnra':ugtutort
-t..- -,tl d a i Ioiuavlilnu?loutuiin?'llJr5?(14 n?lrJo 10,000 nz = 2o rilslsetoeutfi I iirflnjru?r:aratu

I

uonloro;urvgrJnumofl (finlud 500 Hz= 2 nJetretoautfi ) orrfurilur,rurftlunofiov

finagrOnr: Synchronous fring fl0.1 Auditory nerve nt5t6u1t{floit Traveling wave 01fldCopyright by Mahidol University
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I br 4c qrt \e d e--&-- - .4, t
fl?1il6 10,fi)o uz lrjoufi.:fi soo Hz 0s'lst?aril:vurat Z fiafiTurfr dlulunr:iin:cqu

oiurvgrJriunuu druo'r:rfirunarrudufonrrrudr 6rrirl;rir:ssvtrarnr:tfiruduuruu (to)
t nt 'A o'< a a -lu4lmqul^olsrilurndnn?rild{ 7s-95 dBnHL tinr:vuvtealnl:tfrenauii v

rvrrriu s.s-6.0 fiafiiurfi turdnnaonn:ildriluorliuorrqrd.st;lurn6nnrrild{ 60 dBnHL

finr:cuvr:arnrlfiondufi v rj:srural 6.8-7.0 fiafi?urfi
OA

nl'mo{ uavtvuut?nlfl'rtrRo

ndufnosuaslnarufiilfiur'nlugrJn:rdrtastisnnerud'rurffuddillatency-Intensity Function

n?1ilfu{o{nt1Tl (narudrufiu#rn.'torrustrnrnr:tfiooduti v fiin'lrrudt)aru:ali
r A - b9o a .{ qoo q----,..-e-----,1- ---rJ:vfiurvo'un1:1a0u uavsfroro{nr:qqrdunr:1s0u o6, 74) lunrr?fion'urfroill

t
Hfifidnlil nr:linlrrdrqr utrrvryrfiunr:nouduolflomaaud L m $aundud vldut rt

fnrru lurarvdnr:linmrufridr rTnnutaruo'nuooq,oitodud t,,uruu^ud m fidnusrs

r{tu z rnn @ifid) lquronrsuorruoodud v or*ui'ttfludnsalv 2 tloo @ouble peak)

kiriouilrn cz+l

fl n.nJgl+Hecox llnvnilv (65) dnurnanr:nourruo{Rtln8u:sdunru-
odiore'9'

aruollurfinfifrorg ztiu - sil uavluqlmq leutrrn?'uJo-,rr @, N uav 20 dBsL vru?l
A e s & a n" ' .r' a A a J j v
ruoaa:saun?]ilq{a{ wrqRuas9dtfiiu0siln1:yuur?alRlflRanaurHtJflu rtasm4Rtsail

-'AiaAarC-der-A
n ?'lil 9 il tI lJ x 1 n au m v lil u n au [9 u ?Yr g { fl 't rm il unvil n ?'ttJ so [0 ll lJ "lR Yldo

ruas 30 dBsI- vrrLirrfindnaoonoudruun nr:susnarnr:rfinndud v rfiudu o.+ fia6-
A
?u]?t gtofi?1r,fl.rnana{ 10 dB

al
1J fr.?1.1977 Star ttauflatv

zs - "A u'o(39) f,RU'lnflil1n]ttO.t?rulltto{:eiluR1: t9tJlt

(Auditory Function) lurdnu:nrfiofifiorqn::niriu::rufi'uorqu6'tnaooy zs-u drJnrri
' - dda a ' o e - oo'

Tlu?1tvflun?'ltJ9{tJonnT{aflotuu3r?a'tn't:tR0nau fia01RR'l:aon?lil9ityt1 [?ttvuvr?a'l
A A;J A Q v A A

RlStROflAUrTllJ{U tilOaffn?1ilA{n{ 20 dB (01nn?1ilO{ 65-45 dB) Sytsr?AlRl:rROflAU

d t r+iudurJ:vrurar o.z-2.0findiurfi uurluqlnryfifinr:nJduuuilaururiu,,rorriuuo.,

Inu:sssnarnr:rfionduorrfirudu 0.e fiadiurfi rvrfi u kiirn r:njduuurl u, fi fi o.',u
vud-a
6fililUtRlJ?9llfl1?U(Maturadon)flOil Peripheral auditory mechanism ttGtU Central conduction

time lut6n

fl n.qJglg Stockard ttavnilu (43)

ld8u:r;uriruauo.rrujoTdiuunf; nuororfl u.rn:rriu

f, R U ln R U Al et O.:fi AR 1: gtOr dU Oit R 1:

fl a.a Jgl s schulman-Galambos

ld0urrd'uriruaruorlurdnnaoe;ourirmun

ttduGalambos (54) flnurruanr:nouduo{ln1:

llavflaoeFt:udruun tdnflildl 60, 50, 40

so4qd4
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'aA
Hu ?'tt stJ g [?41 R 1: tR a n au

J9qa 's Gl d
3E-42 dlj011l tgu trfl?liln{
Ai C a q

rilil{1{motuounl1iln{noa{
AI

'j a ai_ aJ l-4d_
ttaunlm:susr?alR15lflonclull I 0strltJtllllJlRn?lnaun m

ttagflaum v

il n.n.tggZ Jacobson" trasnflv (4o) flnurlurfin,$rulu 14 fru olEnttn"

(fiu:rruriuoqfid'{naoe \ a.4s dtJoru" Ioul;tfiulnfinnatufri 60 ttau 30 dB nlirnr

:uusr?alnrlfiondud r, m uasnduii v tiiudrtiiuuatsdun?lild'.r le'0drirtse,sr?a1R'l:

A A j d j ,: d 'y a-e'e-.-d---.o--u^. j--d-.
rdnndufr L m rlaundum v mil{utntnil 1.05, 0.91 rtav 1.04 ilaa?u1vl sllilalau nltqau

a A i ; d r a aa e-^4-----.-^.p^^^ .
ro{ieusl?alnt5lfrsnaum v rilil{=url'uil1ol o.34 riaci?ulfintoann?1llg{a{ 10 dB

driliu:cuyr?ar:vil;Nndufinraoar rdorfiu:sdunrrrudl ilasnlduaea{oul{'lildrilauu

drf,.r1nvr:rild'rt?rsl

fl n.g.tptz Zubick tlaunils (44) flnurlurdnr:nrfiodlu?u lts nu olq 36

fialrul ylurr fi:cdunllild{ 6s dB nvrl:rnggrlttitt o{floaufi L m uurodufi v Id'fio

,oror'rudud u uutodud rv ruasd:sdun:rrudr 4s dB ovrl:rnngrlir.rtotnfiufi v

luiforounirndrd r uacndud m

il n.a.rqss Durieux-Smith uasnus (59) tlRnltfinutlutdntt:ntfiodfiorq
4-q

ar:R (uu:?ilnilotqufi{naoa) sz-se ffiJa'ti leslinmu#.r zo dBnHL fiu'lr:vuvtrar

n r : rfi n n du fi m,, u, o u'u fi v n n a I tuoo r r du n m ru o't,firu du

il n.a.tqgz Moregan uaunuy (34) flnurnnnr:flor.tctuo{Rr:ld8u:vduriru-

aruorlurdnnaoon:urirmuo louan:sdunmrud'rorR 7s as fu 2s dB Inuann:rud'{at
d ' A a a z{ oqY' e--A-d--Ad-yiav to ag nutt ril=oao:vounerrud{a{ rl?'tamlt?rn1:suvr?41R1:tflnnaun v tllilflu

,lI

il n.n.rgsz Gorga uasnilv (61) flnurnanr:nouduo{Rr:lo8u:sri'tnru-
odiad-@e'.-d-l^^--'-{^.-4^eie--.^--.^^-q]e^.

aruorlurfinfifiorqn::n(ulu:arufr'lorqufiinaoD 33-im drJsril rilurdnfrfr:vd'lnr:loBu

e',n.'r 30 dBnHL lnolin:rld'r so, 60, 40 uas 20 dBnHL rcu?rlurdnfifiorqn::ri:e -

rvnfii 6.816, 7.300, 8.u0 rras q.gss finfiiurfi
aaaaloe

8.381, 0.396, 0.489 $Av 0.567 ilAa?U]vlgt]ilA1nil

ar t a' i 
^ 

A al d e a
40 dilalil tinrrnd0:vrJsr?alnl5tR9nciilvl v Yl:u9iln?lil9{ E0, 60, N ttas 20 dBnHL

6@'j'-
n'tila'lolJ rY?urilt,t{rljuil1srt g1urn1nil

a / aa tlt 
I'

01nR 1:?r9r5 lsfl vt'litflogrflqil te?1

sda a ' a i
n?TJn{iloyltilanotvuu[?a'lR1:tRn n v

4'ro,ntoil n.a.tqgg Lohmaneeratana (72) frnutnrrJnfrflo{fiaRt:9roufruo{nt:lndu
-'6dtv$iilnluGluo{ tl.tt9RT?{o'ttl lu 7 r9ou - E lJ T{u?l nltoautuuut?a1nl:tRoflau

fi:yd'un:rrudr 90, z0 uns 50 dBHL finuilusrnsrr'rrYuourtfift dti'tuvrxafifi fisrnrtndgCopyright by Mahidol University
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a A i e @ c:d '--4^.
rsusr?a'tRlrrReflauusugljfi?1iln{ 90 rras 70 dBHL lilfrnrrilusrnel{fru drmiunrtndu

' A A v u - ,*-- u'< :,-s,-- ---l.i--.^-^
:susr?a1:s?t?'t{ndilmrudun?lilfi{ 90 lrau 70 dBHL ttJiln?lilttgrR01ilRu llglTl'soiln?lil

d'r zo uas s0 dBHL finmilusrnntfruouNfifsdrd'tgntlefior'

6.2,2 ffgr:1nr:tfiorifu,so6n (Repitition Rate)

rtlumfindufiarasrs:vucr?alnutfiondu n?1ildwo{ndu
ouaa.idaata4eqY'ir1il51rtUrgRnl:R fl15t?til09t:1R15rR9lCrU{nARilHAmltiln

C 4 c C ql
uasn?1uq{flo{nfiuaoa{N o'rRR'rrflnurtor stwkard ttavnflv il n,n. lng(rol3) tiiols
o a 6 a a 'o 4q d a a A d-
dnrlfll:rnordu.inaR 10-80 naRno?il1yt tutflRtt5RrR9 T{1j?1nltsust?a1R'rttRonauil I

frdsr:rnr:rilduuurjar 0.E9 r o.ro fiadiurfi Hatt (16) na1?;1 nr:tfiildn:rnr:tfiotfiut
lttJ

aqall
fl AR UU lrfl An 0 R'lt 41fl 0 { tGrAAil t s dlYl (Neural fatique)

il n.g.tggs Durierx-smith (59) flnurnanr:noilduo{Rr:1n0u:vdunru

arortur6ndfiurqnrrniriur:rn-uo1E?rd{naoo ) 32-s6 d'rJorri louli6'n:rnr:rfior€ls.r

nfin tt ndnno?urfi ,$ruu 2000 nAn uasdnrlRl:rfisrflurnfin 6l nanno?urfi '$ruru
oiuv'-az{az{aa{-

4{nO nAR nts9Ufi?1Ugtl 70 dBnHL IIU?1 O0t1n15tR9lldtl{nnniln?lUdUilUnRu:sUg
aesiqaar'.dda'od

r?alRl:rfrnnau lqu$J-oaed'n5ln15rfrnrfiurndn01n 6l nfinnoturfr rflu t l ndnflo?ilryl
' < ia t -, J 4 ' ^ A i

uu?lrfinfiiiolslnsrn :z drJnru flinr:vuvr?arnrrrfranfruii v nnnrilssurflr r.g fiafiiurfr
o d ia " ., " a' a 4 i l a ailavlutfinfiiiorgn::n so dtlnrm tuiin1:uuvr?arR1:rilondufr v aoa{ilrsillst 0.6 ilnd-

?u'lYl
4t4Y
iJ n.a.tggz Zimmerman ttas nilu (60) f,nurnanr:noilduo{Rr:'lo0u:s6'il

9,rt

nruaruo.rlurdnnaoon:ur{ruun'$ru 1u 22 nu lils?{o'nl 6 ro4ouurnro{f;an Isglidn:r
a4a'o

nt:tfratau{adR 11.1, 33.3, ua& 66.6 nfinno?u1vr firl?r vt{ranlanuavtaR tstlllol?tuost:l

ntrfi etfiu{nfi n :suyr?a1R1:rfiandufi ri',tfiuduour,rfi fiudrrTtyvrrrafi 6
Ad.adaAi-qdd'ds

R1:rn9tcluilnan il9'{a90tcuu[?alfllf tRnnaum v lutgRranillRR?lrfiR [91

s a .r a - oqe ' i a' A Ja e

ogtt'lR'ltrRor6fu{fl aR0{yt'l lfi :vuyt?a'lts?t ?1{naililn]tfl tJuueiRo?u

6.2.8 Polarity 1,o{tag{n:cEu Polarity 1o{tflu{n:ytirlit'i olorflu

Condensation frc,larity mfo Rarefaction polarity r.rfoornrrlu Alternating frolarity

stockard ravnilv (43) nar'::t rdotilflurnfind:vriun'ltilo'{ 70 dBHL nlrl; Rarefacdon

polarity oshrnr:suvtratnr:rfinnduii L m ilaundufi v dun'llol:ti conden'atior,

Kiang, Watanabe ttdu Thomas fqOS f;xtu+Sl linnm?l Rarefaction polarity

A @

ttasR'l5t?ttJo9t:1

a
uauRlSt?{u
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'l i4 t e

t?tlliu frilflnstonr:n:sslu Auditorry neurons Sininger [tdg Masudu 1990 (o'l{1u45) lIlJ

i'r polarity r o{rA0{nAn hfi Avrfi naero nrtfi nu lnln?1ilhilo.rqdororauo.Qetofl 'linodo!J

nr:ld8urrduriruaruot druiu Alternating polarity rTnl#rdomodo Electrical artifact

' oA o q ed A I - 3 A z{ ' -
rfirln sig"^t to noise ratio frfru rirlrrfrunfiufi t fottufrufr.tovilnanoRtt,iqtuust?a1Rlt
AA
rnonau(45)

o d d ' oo o ' - rt C
turgiRnl:n Pohrity lro{rdu{nSuEu0vtJovlr?{an0aRU0tsIll51{fl0{nau un0u

fi dnf;vrauouilrnsro:suvt?alR1rlfiondu (+sl

fl n.?t.tglg stockard ttnsnals (43) dnurlurdnolEntsn'fltlrhnun Inuh;

Condensation polaxity ttd& Rarefaction polaxity fi:vdun?rrud'l ZO dBHL flU'l'lCondensation

polarirgray Rarefaction polariry finr:sssr:nrnmrfiondud v nirfi'u 7.61 + o34 uav 7.60

* o.ss fiafi?urfisrrrudrd'u uauiinlsvusr?arRrrfiendud I ryrlfi'u r.s4 + 0.2s uav l.st t
o.zz fiafiiurfinrildrdu il?n$lcrqili, rouriry uo{tes{R:squfi6vrf;rnarurrur,.ul0,,

rfinndud Iil1nn?mduiiv uaunl:&svr?ar:vlr;r{ndu finr:ujdouurjarldrurnfir o.o

AAAat4"tt4'4'-fradTurfr uastlRnlrf,nurlileJlucuTnl?1 polarity to{rau{ntsqufinrarrofrnuotvEil:r.t
Aqro{nau

fl n.f,.l9E3 Stockard uaunilu @s) finurlurdnnnoentudrmunlouli

Condensation polaxiry ttdu Rarefaction polarity ulmrdofinr:tfrrudn:rnr:tfiotilutn6n ttac
I

ld c-a"^ation polarity orbinl:suvt?nrnr:tfieflduti nfiudu o.+ fiadiurfi usrrflofinr:
iuad)eaA

rfrrudgrrrnrrrfrntf,u.rnfin :rruriunrrlu Rarefaction polarity uu?1 nltvuvt?alR1ttilondu

Y.

rfl : rvos1il fin u il ur il r'r.r q, o{

naunsflt0uRl'l

drrJYlsxn :rru6 fi nrrru dr6'rg lu n r:uon
^ ju'' bl s s .v' d

Background noise 1l ltJ9lo{RltOOR tlJ tnUgl?lJtulf?{n?lilfl0gnlO{ltO'l[[9] Neural signal
9 | V, O I r

ttl(tvuu ttav lruqolnr: lm Background noise bJfi n asronr:noilduo.t ( I 6)

fl n.a.tgg+ stuart uau yang (26) lsndrrjr sYeilf,ustrnmrudfidnf;nasto

9t

d I hlrJduuuila{ unstrRRrtfiRUrIrJ?r polarity {CI{rflu{NR:squfinaorod'nuarvgrJirtto.:
i 'o 

"'ndil [[OVtdUO?'l tURl:YlOdOUn?t lS Rarefaction polarity
d aa

o.g Gnf;uoornifr nr:riufi n (Recoroing Variablm)

b.B.t frarjYuuasn?lild Fitter)

.yaAdSdll 44aaqtv.l.l4tvuvt?alnltrRaflaum v tflu1tfl?nttl toflRUlo.toytIflnto{9?tJtus?{n?luoytuflnfloCopyright by Mahidol University



Rlrefoilrruo.rtulfinnaoenrudrilue s1q #-72 fi'llu't uurt d:sd'un'lrudE ,+0 dBnHL
j' cfrrrlnrrud 30-3000 Hz, l00-30m Hz ttcts 150-3000 Hz iln'ltsUsl?a'lR1:tRonailm V

- trr

rvrrfin 7.g4,7.g1 LLav 7.87 fiafiiurfi srrildrdu ovrfiulerer:uuvl?a'rn1:rfiona^ufi v finr

urm rruuuli High-pass rnter dqldu
t o d o o- 

,@
Schwartz ttde Schwartz (47) [6tUO?'l [nniln?tfl1t9ll?0 n?: [U9l?lJt:JU?{

199rr

n?ludloolti High-p*, rlter finrrfir r n51v0'rnnr:flnurilit urfiuunr:lusYarJ:-usarn'lrud
r r Yr I Y

150-1500 gz ilu 30-1500 Hz ?nl?lruaulssxnarud ro-tsoo gr orltinlnrulrtolufiriru

g,uuauuoroR]:na floilo]rtdau :r#l riru aruo{aqn{dn I s dB

Stape[ (zn tru{ruliir nr:rf,onti lligh-pass Filter rvil?1{ 30 Hz fiu tso rt
9.d ro iA ' 

"'o - 
t j' -0sliln1n?1ilh1o{tmliilnoilfluoirgtoR'r:vrgclolJR'tt Inuu:sollflludilo.tvlsrlilflu 3 dB

e t o A h t' ur i ' or C;nulu High-pass rruer iiiinrrfirriu fiIonraiiovlsnrn?lil hflo{tgfiorouauolflotAu{frdl

usr orJx l: fi n rru fi fi l o n radn'rrt ddl o r n n luu o n ttiril r: u n ?u 1;t* n'u tstl Etectromyogenic

activity tldU Electrical noise

6.3.2 nr:drfiuo?cusr?41ilNil;roonru (Analysis Window) lunr:flnur
d, A d A i o i q - a a

0't9ttj:gRoljilo{flaufl I, trI trar nailm v HaRl:froucluo{outRqtil lilt?a] 5.5- 6 uaa-
ylr'9

Adsod'A'qi
Turfi mfr.rnrnlnrfrutn:veru cr{ou nJr{ouls,ri'rfl olilfi

YrGfEta.lquI. l.ndu{fl anilSunun?]iln{d.tI

z. ludsr:tnrrrfisrflgrnfinfirfirnrr 30 nAn flo?uryl

r. lsfin:ou4rfia Supraaural

d to 'ia boo l a
4. lilUrd tfiiununlr tauuuRgl

'b' 'q A u ' j ! a I .i' a a aa d
a] lilog tur{ou lt,rilaluosfl1J?1:vuvr?alRlilRnn v uftlrRu 6 ilaa?u1yl

Itt t I I tc @ a q do cl ' o e
fl]?r5ilt.lou It|ytyt't tfi fllruuyr?atRt:[Rnfl auurrfru l0trn

r. lirn""rt phone

2. Severe conductive hearing loss

a'o
3. toRnaonRouR'll4lto

+. ldn'rrrusTtfi :vrfi'u rhreshold

5. Severe auditory dysfunction
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nrrurJn6rdnu:ntfin ru^olirilu.rntrtpu rt dBnHL :uuvt?a1Rl:rfinndufi v finr
rYdd'o

il:surar g fiaffiurfi unntrtu Inserr phone, Rltfladoulutdnnaoanourill{ue ltav
/r a aa 4h'

rdndfi Mild conductive hearing loss orotunr:vust?altnu to il-adTurfile (16, 45)
gr/aaa6etat,t

6'rr.iunr:rirfiuotyuu[?alfiut0oR'ttttfiu t0 fiafiiurvr 0vtlluRl:Urslfinr:
9t9rAAyAu4oaouas

Tfrod'ufrnrrilQnflo{fo[0utJ'tn{U drniunr:nlmufltsuUt?a'l?tu10oR1Tl uR?0Ud?lt

" '- o t 
^ € d cl --4.- - - ^!- ^- ,^-^^ a

luqilnntuuqS&ust?a'lyn{ilu'tttoRt?{ ls-?n ilaa?il111 lun15?ln:'lsfitstJsl?41fl'lttRq

ndulunr:sr:?ot6nu: nndoa (4s)

-_v
0. nmffi ?onrtloCIuiluuffnnroqlurdntrsntfi o

I'V
0n il r sd{n{ o{ R't: 915 ?0il1jljfl I n: o{q rnaor{l u ri rm u srnrd n fi n r: qq rf, un r: loi

-'l4'Uj.et
0umfohr Inulilruufi{n1n?lilhro{UfinouGyuo{sroR'r:?rodollnltloOu:vd'unrueirot

uasdrlurdnu:nrfia noufiuuyruhsoqqmt;n6'uriru Inutantvoux0'rlunqrurdnu:ntfia

fiiinrayrfir,{nonr:qqriiunr:1d0u rll if;nr:er:'rourriln'en:o{d tfluiiudtiesdofiulu

nr:riruuorfieIo{n?lilfinilnfimxnr,loi0u, rJ:srfiu:s6'un'rrloiOu uacr{luaf,nr:drufu

n r: ?fi t a't tiu ui, lduu, u t rs t* r lurlnqriurnfuuoraruor:ldOu:vduriruaruo.r rfl ufi
Aqcouaa
iluil ludlr4ilJ R1:9r: ?0 R1: l9UUttlJlJnOR: Oil (9)

(-o

tRfllcvtRl:nefruHaRlt95?0ttljUfieR:o1l
tlrCdoqa

ruut9vt tTnqdu9.raRl: 915?0:vl{?1rr

"nlu"riu "lilnru" lunr:druurro**iduugn-uqnrJ:vauu"nu,,,rurn6finriu ynu tit
AA l' e i a i.r d bno t

odfrnfuno{Rrtiioyert?ol,r'uanlstdnfrilnr:qtgriiunr:ls8ulu:vdu Profound hearing loss

rfiurognrdu: fiarrur:nfioyrhfiilnrudrLnrrrud.rltiulodutui rruii 80 os rflurnarnhr:sTo

fiufiocrlrilrsail urri.'riu,o,:o:'r0fi1r6ndfinr:qqrfiflnr:1;0u:uo-lr Mild hearing loss

n r: ri rfi u n n : t ru dr d r at zu t fi o vtil u n r r t?t rJ rs fl r (20)

Downs D.w (31) Ral??l nr:f;nurto,4e6'unulu 1 nu fiiinr:vredorlRl:
t 9 r 9. Itbaudubtqdaels

l9t u:v9uRlurruo{ ltrrnnnl{nu til rsll n'l: tsiln:oilu, Yu9rljo{tnu{RtvEu, n?'llJoitljoil
9r

rf,orn:rqu, 6rurutornqrudroum, sT?il5-ilvr.:n'rrru6, drtrmurfifis Elecrrode, nr:ri1rfilo
4 

- o a lo b 'ed o ' o o al
tRatiiltRlto0flu tlnvolqflo.qtafl u0fl$'lRuu,it ltjiln1:R't1{uqn1il19t:$1ud'Ifi:lJrfrfl{;lJR?u
4 ' Jo o "' r ad o qee drr ' ' ld
cr{R]:tf l9tJlgt:$]UtfiAlUlt',l tfln]ilRgttjR1:Rtg0lU tlAvnl [flXOrJAfl lilFllUtR0rcvtUU'lR
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919.

d.rriurinlasrdusTaingr0ssro{di'r{nriln6roqrsravrflfo{ uaurililriornnfini6nr:1unr:
I

mffcrouo?u
. 9t - ) I r.

weber (52)' rauoarnr:tin':rrud'r 30 dBnHL r{lu,narqi #hiuilu ttrufinu
'r'r9oaAii@ai
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fi s ueo{iouavtornr:il:rngna^u I, ilI ttav v fr:cd'unmrudt go, 60 tlas

,10 dBnHL lunaufirourldruru 4 nu

nanr:il:rngnuoodu ri.ruao.:1ugrJfi a d:gdunlildl so dBnHL nr:il:rnq

,uuudud L m uaundud v nulutdnu:ntfinvgnnu ,,uaduuutydunttrudl nr:il:tnq

,uoodud t,,urodud m fidrueunsat leufi:ydun:rudl 60 dBnHL uumdufi I uns
-ire1ACA e o -- -- 4l v e

nfrufr ru 'il1u?usouav 93.20 tray 95.50 mrv${iln?luq{ 40 dBnHL ililnauvl I ltdv

odrii m drueuiouav 7o.4s unv 68.20 uuiodrd v fidrurundunufiru rdofinr:rrjduu

:TJg

uilar:vfrrn'lrruo'torn so - 40 dBnHLCopyright by Mahidol University
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z. nrnarru'latuuqd"urulto{tetonttnnaounr:'lo0uttfiunruailoq fifo
' - - i io A i--

nrr s efun?1ild'.tri1 gotfl tfi on ciufl V (ABR Threhold)

4 o d a o ' I g, .--j_-._.-de__4-
flaRl:dflul [u[qR[[:ntfis'f,ru:u 4 nu flil?l nlsudun?1ild{{fi1qsfitfrnndu

A
fr v ilnlrodrJrnlnil 33.86 dBnHL d',rurltCI.rrljuillgrtglurvrlffu 4.43 rtAvurf9{nlfouav l?
odlufiltl{?t 6

nr 1{fi 6 u6le {nriouastotnr;va'un?1ilsTloi rqofi rn^erna^ufi v lu rd nn: nrfi o

01nq1:1{d 6 u:r?rr6nu:nrfioaruh,rq fi:vrTlnr:lui0uogd:td'ua?1ild{ 3s

a i q v <d a 4 o d o do v
dBnHL :o{a,0ilrfrofr:sd'un:rrudr :o dBnHL uasfrrHRurRrfrqrfrt t'ilru?utdnuounii:vdtL

9 tt

nr:1s0uoufi:vdrnrrud'r zs agnril-
I

g. nr:Finsrnrrsusr?arnrlfiondu ii r, il uau v iirvffunaruffi 8o,oo

ilav 4odBnHf, lurdnttintfier

' o il I
nltvuvr?a'tR1:rRonaufi L m lravv firsd'ufi?1u6{ 80, 60 uau 40 agnlil- lu

o'rsudrln?ur6'rdrqnfi rfi qn du d v ctlil?u
I

toCIau

(dBnHL)

25

30

35

q

:?IJ

4

11

20

9

9.10

25.00

45.45

20.45

100.m

rdnu: nrfin fl anr:finlr rri'ruaorlufl 15r.:fi 7
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n151{d 7 uenrnrrn6iu ,rararurduuruuulr:slu flo{:vusl?alRrrtfind t,rrr ltas v

d:vdunlrud'r go, 60 ttas 40 dBnHL lut6ntr:nr6s

o'ror'rrlod z ,,aru1ri,#url ntAoao:srTtrnmrud'.r odud I, ut,,urndrd v o,
d' i a C e 3
tJft 1t0n0tsusl?a1R'r:tRon au tfl lJilu

!lll4Aaldvv4" RliFinulnmesvt?attsm?1{ncix{ri I-uL ul-v, I-v ?lruoil n?'tilort 80,

0o uov 40 dBnHL'lurdinurnrfisr

ulrrur,rul:vnirrndufi I-I[, m-v uns t-v fi:vd'unlrudr 80, 60 uau

dBnHL lu rd nu: nrfi n n a n rr fi nu rdruepr.r lu*ltlod s

aAa^^el
syuvt'?a1fl 15tRfl ndil (il del?il1y1)

AC v -_ -- . ' d -1--d---- cna=ufi n?lil${.r (dBnHL) flltnau cr?utlju{tuutl'l9l:g1u 0111?11

I 80

60

N

1.86

2.47

3.33

o.2l

0.u3

0.32

4
4l

3l

u 80

60

N

4.59

5.22

5.88

0.26

0.31

0.42

4
42

30

V EO

60

N

6.99

7.53

E.32

o.34

0.45

o.43

4
4
4
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srur.td 8 ttdo{nrodu,,ura.udu,,uuu,st:glucto{5uust?attvfimtndufi r-m,
j u a -- -- q d .--.4

m-v rras l-v fr:sdun'11il9T{ 80, 60 [[As 40 dBnHL lUtdntt:ntilo

Aaaa'l
n'l5vuv[?a1ts?l?'l{nau (ilaet?ulYl)

nduii n?1ud{ nttaAu nltiitl.ltuiltJlotgltJ druru

(dBnHL)

I-UI 80

60

N

)17

2.75

2.54

o.25

o.?2

0.40

M

4l

n
m-v 80

60

N

2.41

2.29

2.38

o.26

o.37

0.50

M

4l

30

I-V 80

60

N

5.12

5.04

4.88

o.32

o.M

0.43

4
4r

3t

i rod'i q @ ' i l--4-..j
01R91t1{m 8 rtClglil t?rtfiu?1Yl4R:u9llJfi?1t10{ nltnau:vuv[?41:v1'l?'l{naum

j ' A i 
--- 

4 e',.,---.p- i--^4
I-m ul?R?lnlr0ait rsuul?a1tu?l?'lrtnaum m-v tlavtiloaosvfliln?lilo{ nll0au'vgs

'jirArdd'
r?al5sfill{tnciuvr I-[I, Itr-V ttav I-V ovtljauuttua{tTlt {lanilou

r. f;nsrnfiisutfisunrrussr?arnr:rfionaoud r, rrl v d:v6'un?1ilff{ 8o dBnHL

lurdinrnnulsuavrdlnrfl fl fi €{

a,rdd6zt4ldqq
n1:dnulr:J5uilrnuunl:v$ur?arRl:[Rqnciuvl L m. v vl:vnilfl ?1ll9tl80 dBnHL

lurdnrngsruuasrdntilf,rt!{ lnsl#nr:irn:rvn'd'lu Mann-whitney I;-wilcoxon Rank

sum w Test itGrfiltfiRur6'{[td9{1ugrr:rlfi q
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st151{d 9 uJSuUrfiuun't,odu ,,uraru,duu,uuu'lsl:g1uto.lo'trrur,ru'.rnr:rfinndu

fi L m rras v fi:ydun'lutdl so dBnHL lurdnrnayrorravtdntnmltfil

o'ror',r'rod q nrmtdnutsvruttnstdntnnufr.r fi:vd'unlrud.r to oenHl- finr
i a A C - -- A ..j -- q-1.--- )^-y-.^)-,4,q.,e.^e-.^ ---aed----s-.lndu:uus[?arnr:rnona=um I, III ttaynCiuli V tillt$lRsllilRuou'liluuUnlnqnl{6rnnnsuoU

nmrurdoriuiuuu, es (pd).Is, p4.18, p=0.28 srrildrdu) fihirf,utrjorrruerurufigruliti.tti

rrdoct.tA
o. Finsrnfiisutiit usrl:stJvt?atis?t?t{nau lutsintnsursttastdRtilflt{€{

nr:dnurril?uurfiuunr:vuut?a1:vlr?r.rnfiuii I-m, nl-v rtav I-v fi:srilnlru

6'l r0 dBnHL turdnrunmuuauHnrwarfr leulinr:irnt'trn'd.u Mann-whitney IJ-

wilcoxon Rank Sum W Test nanr:finurrilueollusr',t'tud to

ilnfiufi tfifi 6ruru Mean Rank P-value

I v1t, 22 24.52

20.4

0.15

a^-?rfu{ 22

m !r1u 22 24.25

20.75

0.18

u€r 22

V Y1U 22 23.&

21.36

0.28

n€r n,
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srlr1{d to rrJ?uurfiuunrtqduttasatutfi0{tuuttlet:S1u ,uoulrrur,tulttniloodu

d t-m, m-v, r-v fi:sdunmud{ go dBoril.lutdnrnnmouavtfinrnar{.t

ororlrlud to numrdnruam$uavrdnrucntfr d:vdunrtrudr so osolil. fi
' d ' A d u' ' - ' 4- o, - aa d

nltnSiurvug[?at:v?t?'titnciuyt I-m, m-v ttae I-v lilttgrRo'r{niloulittJuudlnqnl{dogt vl

:sd'rnrrrurduriuiuuur qs G a.z6.p{.48" p--r.-z6nrudrer-u) *hirflubjsrrilaililfi-
rg Id/ ltl

sluvlgr{ t?

z. f;nurrsssr?arRl?rnnndufi v drvfrun?lilfr{ Bo, 0o uav 40 dBnHL lurdn
C'A

tl'tfl u1u ttavloRtvtfl ?tar{l

nr:f,nurfr rrlunr:fr nu rnj?uurfi€Junt:ugyr?alnrrrRenaum v RU:eniln?tileil

d go, 60 lrau 40 dBnHL :vuerqdnrnasrsuavrdnnranfir loolinr:irn:rsm'nlruuil:-

il:eu nnnr:finurd'rueerluflr:xfi tz

ji cndufi tllf, {ruau Mean Rank P-value

I-m ilu 22 23.73

x.n
o.26

nf,r 22

m-v s'rCI 22 22.39

22.61

0.48

ilru{ 22

I-V lr',r$ 22

A?rfu{ 22

23.75

21.25

o.26
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nuNd 1t treornrto6o,,uraru,fiu{tuuil1st:illunuuu,rrtst?arnr:tfienfiufi v

d:s6'unrrrud'r 80, 60 tlas 40 dBnHL lurdntngsruuavtdntvlamtll

tltf, ,firuru ee
:soiln?]ilq{

(dBnHL)

d
nltflau

aaa4
(ilaa?il11r)

,a
7.4

8.39

,j
'61?unJU{[uuu19rtfl]u

YlU 22 80

60

I
80

60

N

o.25

0.38

o.42

0.41

o.52

o.n

ilq{ 22 6.97

7.511

8.25

o'ror'rr'rofi tt uasrl;tfiuirrfioas:sti'untrru6'l tut vt?a1R't:rfioadufi v
.r' A J Jr d d . a

ovfr nlfrrufru fi'rlurdnmf,sru uavtdntnnuqr

gr'rr'rofi tz F{aRrsern:rvu'nrrruurj:il:ru{o't:suvrrarnr:rfisnf,ufi v

tt
ufi n{fl?lilttlj:lJ: ?U Sum of

Square

Degree of Mean

Freedom Square

F-value P-value

5gt 3rla'tR1:rRonnum v
odda
tll tfl R ttIfls18,te R tvlfl H tu il

0.021 1 0.021 o.t24 0.726

uu
:soun?1und

vu
t?{fl x 5Uflljn?1il9l{

:?lJ

39.527

0.314

60.900

2

,)

131

19.764

0.157

o.455

1t8.364

o.939

0.000*

0.394
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7.t nr:uJSsutfinuo'trrnr,.arnr:tfiondufr V fl octdintrflqrrsttactdntflara{s

91'rr'tofi ,: rtanlnrtnduttaveautil€,.ltUuu'l9l:g1ltfloiltuus[?nrnurfinnd'ufi v

lurd nrusvre, uavtd nrnantfr t

j
n1R9l151{tyl l3

'o ' d
uu?1lunqil16nrilf,s]u iln1toaulo{5susl?n'|fl'litRonailn v

^ 
n4 

- ' d a
lRAlflu{ R1I Rqil [9 ntil f,l'lfu.{ rdorirnadldhja,orlrtiurrrluil:il:ru sTruenrlunr:t

{i rz rnnil rqt lruiroladuro{5eusr?nrnr:ffinnduii v lutdnrusvtu rastdntuanfl.r

lnfinrrursrnsrrrfr'uouxfiriodrrTqvrxafififirsdlnrrrurdorTuiuuu, es (Pa.7z6) 6.rhi
d|n|a."IrflubJnrilalrufigruiifrih

I .2 nr:nfiisutfr nuolrrnr,rarnr:tfi anadufr v fr :r6'un?1il6'{ E0, 60 ttas

40 dBnHL

r,',r'',ud t+ uantnrtadu,,ura.utdu{tiluil"rsr:slunuoo,trssrrnrnr:tfitodrii v

fi:sd'unmruq-{ 80, 60 rrns 40 dBnHL

tfifl ,$ruru 'j
nltsau

AAA4I
(ilaa?u1?l)

al
d?unJuilrlruil19rts1u

s1u

l,lfu'l

22

22

7.62

7.60

0.68

0.70

:v6'unlru6'r

(dBnHL)

c
0'lu'lu

'j
fl'trsau

aaaal(ilaa?illn)

"*
7.53

E.32

'dlu tllu{[lJ uil 19r: $r1.1

80

60

40

u
4
++

0.34

0.45

0.43
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i r+ urre{1r,rt#url rduurrrd'unarrudl :vuvt?a"tn't:,n^nndud v
;3 a o ' j e 4 '.j -- ^-l-i^-.d---.-,^,----^^. :{--r,-.

osrfruilu riioilrnrrndgflo{5vusna1R'trlRonaun v ltaunld?utuu{ltuulJlgll$'lu 1lt39lj

a?rild{ 80, @ rlas 40 dBnHL il rriliu:Jrii{,uls€,tinr:irsr:rvu'nrtruuil: d:ru ttuunNt60r

ilmnqna d'ruaorluoutfi rs

gt'rr'rod ts ruanr:?tn:rvn'nmruuil:il:?uflosnrrsust?a1R'Hrfiqnfrud v d:sri'u

nmrudr 80, 60 rtas 40 dBnHL

uila{n?lruttrj:rjmu DF. ss Ms F P-value

eqgstt'ltl:rd'unttrus''r 2 39.528 L9-7@ L19.787 0.000*

Ovnrslunlrrud'{[nav:sdu t2g 2r.373 .166
t

:rru{wro l3l 60.90l

ornnr:ril€uutfiuunr:vsstrarnr:tfitudud v d:v6'un'lrudl 80, 60 ttnu 40

' - vd oqv' A 4 d-- 4---- -:--^--.--l^^gdBnHL ilu?'trsdun?1ilf{{ilnan"r lfln1:susr?a'rR1:lRnnauil v iln?'ltJltglfl911{Ruou'lillJ

v o v ooA - A b t * -., .. -,-.--^d--.r,-.q v
fudrrlrynNetistfl:vq.un?1illfoilusouas 95 (P={.000) ry{ttde{?1n?1uo{ntsau le:solJ

A,r' a i .i I e,, t--&-.q-u!^n^ r Y

?tuitilnltutjs[?a'ln1:tRgnaum v ttflnn'l,llRil o.luu0il lglyllR'l:madoilglogl?uis Least

significant Difference (LsD) il:rngna dluanllusrr:rlfi to

i,rd'.etlrl{lt t6 rusuur?tuun1rsuyr?a1nr:rrion6ufi v fi:vo'unrlud{ 80, 60 udv 40 dBn}IL

C Fl .r ' a I i--l e',
uJonlruillfruuntrcuyr?arnlrldonAufi v ii:vdunnrud'q 80, 60 unv 40 dBnHL

num ulrrurtaulnr:rfionaAud v firrn-un?rud{ 80 dBnHL tterRsrlir0'rnnr:uuut?alRrt

:gqufl?]tJ$t{

(dBnHL)

nx]ilttan9t1{t10{5vt st?a1R1:
aAi

tRqnduvl

N

1.33x

o.7g*

80 60

80

60

Q.

0.54*

*P<).05
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-r
I

II
Il4\+\r\
| *\-.-

-f \Et-
I

-L
I

I

I

-1-
I

I

I

rF
F

$E
GI

-{F
;3

'{G'
G

4C
l!

G
(r
t!
ta

lt
0!

100

A .& I i u q ' 4--'.--o.---^-^^ aa
rnonfiufi v fits6'ttn'ltild{ 60 uau 40 dBnHL ot 1{iltiudldtyvtmadd ttasn'ltst ut?n1R'15

rfinndud v firvoiun?TJ6'{ 60 dBnrIL riu ao dBnHL finrttsrnerr{rYuour{fifudrrTtgvrx
oo' e 3,'

doee?un?'nJtvoruutooas 9s (P < o.os) dt rfl u bJslruauufigludtiu li

6r

Rr1!'lusn{nerlffrufiurlvilx't{nx1il6'sfru:vtlct'la1o15tfi onau

(Latency-Intensity Function)

olnnrr{d lr (u; 5e) uaselrl{fi 14 cnrir eol ldririlrrfiuutflun:rvluaq.r

narrdrur{unlrrnrluumildcfi'u:suvtrarnr:tfioudud v do,ioni't Latency-Intensity

Function n-trraolluqilfi e

- -B - runnt$l

-x- r?ldslu

+5?lJ

rsfiunrrilfie (dBnHL)

vrdt40datljyl 9 n:ll!|ltfl9{l Latencv-lntensitv Function tlJO tYtffU{flARqJ
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flan1:dRUlnuil,uouuu:sdunerrudltoltilutn:soluo'tn E0 dBnHL rflu 60

t!-!!Y^^^aa

dBnHL fi'r:suyr?a'rnr:rfinodud v rfir,fiu o.s+ fr4fi?urfi niodst:rtfirurnrrYu o.zz fi46-

?urii/ro ae tturdnr?{f,s1u uayrdnrr{fifitfir nrradu:vt vt?a1n'trrfinnaaud n rfirudurYrrriu

o.47 tLas 0.6r fiafiiuriisrrrudrdu)uavuraoao:cdun?1ild{to.utlosn:vqunlR 60 dBnrIL

r{lu ao dBnHL nrta6u:st strarnr:rfinndud v tfir,du,rlo-u o.zq fi46?urfiufodo:rnr:

rfirurypf,u o.:q fiadiurfino as (lurdnruasru uacrdntvramfir nrtndu:stlst?a1R'lttfio

udud wfiundu,rirrYu o.qr uas0.6z fiadiurfinrrudrdu) otr#umrdoao:sdun'lrudtorn

80 dBnHL rflu oo dBnrrl fidgrrrnrnfiiliu0sr?arr'n:rfionaoud t tiuuoindonn:adunrril

d'mrn 60 dbnuL r{lu +o dBnHL *lJrflu Linearity

427 49
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ilnii 6

ofiilnsam

ruanr:fl nu rnrrJnG toitRlsvrsdsunr:1i0u:rdt riruauotlutdnrr:nrnedUfi
j'.rvr

nrrvrfiusstonr:qryrdunr:ts8u otqss?t?'l{ t-g iu ,$ruru u Ftu arrur:adrrurofiil:runa
9rtb o4l

ta9{u

ornnan r:fl o"ltuu#od n um,ruooldrfiurnfi nlu6'nt r I 1.4 ndnsroiu rfi dtsri'u

n?'lus-{ 80, 60, 40 dBnHL rrac:vd'il ABR threshold osfidnuarvgrJixtolndudlrraottu
,ClteuaAttt

grJfr z (uvrfi + ilur s2) fi:sdun:rrud't so dBnHL osnrndufi I, m, v lo#ortuqnnfiu
A q e r A l- A C-- d C

uasru-ono:sn'unarrudrar nr:il:rn6xo{na-ufi I uavnaufr m tuanat lrasosfiu?1odufr
a d 4r ir ' - uv rilu nau rorJ?vrlr: 1 Rao gun r v0 iln ?1il s {

fl an'rrfi nurdauroJuoo'unl:fi nuluCIir Goldstein lrnsnilu (30), Srarr uavfl ors

(39), Jacobson udvfioru (40) uas Zubick uavnilv (44) dnuirlur6n$:nrfinfifio1qn5:n'

nsiliir.ruo rfiolinrrrudrq{0vd1il1:nrfiugrJir.rrorna*ufi I, m, v lsiourr#orou uastdo

ao:vdrn'rrrrfi'rovrfi u grJ 
j rr orna^uii v ldtnrou n?1nfi u fi r uarn dud m

nr:finurfi1ti^utrtot.,u0rRnrifinu1{0it salamy ttGru Mc Kean (42') duuirlu

rdnu:nrfinarulr,rq ovrfiugrJiruturndud t uavna^ufi v rfu rflurvr:trirn.n,nlld

finurfrnuarvgrl:rsrorndu iirrr-unmilo-rrioun:rnr:flnu,o9ud uaunltf;Ruldu 1 qro,

39, N, M)

d'nu ar v g rJ i r u n u u o u^u o r r 1d0u lu rd n u: n rfi n ar u tu q o rn u o d, o',r, ou du o.i

tfis.r : nd, lduti udud I, rI uas oduii v uasrfiordnhdu udrti n uasndufi rv o'.r

ovil:tng rn'.,ti rfiuuolnfiflu1nr:toudnfinnrudrurfi'ut'riuorq narrfio finr:rilduuuilar
d*'vttrffi:suaslnrra:tttor:vruil:y6rlnrr?uRnr{ uav:suuil:u6r'rnrr?uiloR ruu RrI
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ro?qrfiulntol
I

nuilou (64)

9.7t ad
0R9to{8{tu
I

d to" r,r iA : ^.^--^^-q].-o ,.!--.-.-.--
0vrfr u 

"J9 ?'ra1fl ?lilht0{{mFilnOUdUO{nOnl:nOdOilnl: touu: uailnlucruo{

65

Nernat Generator, lsa;tJtgdlvt, Synapse uavln:tAirwo{oiu?Ygil

ftrfu tunr:f;nsrsrrrJnfi 6tn'udruuey?{orq{o{tdn rdonadl&stdfinrru

'lttlrgg
Z. nmt?ril l?itosr3iir?ruoroudt{o$etonlinnfrounr:lsr0u:vffunruciloq

a " !J d :,--q--.^--4-4-.HnRttARU'tlunflil TtlJ?1n'ltqdu{o{n1n?1il t?flo{rtmltil9loljrluo{non'15
u'o - n A qt< a o a 4.----e^ ^e^'-o dytsdoilRttloou:sounrudilo{ rilolyrdu{naR osr5lfll:tRqtdu{flaR ll.4 naRno?u1Yl

u?{n?1il6 1s0-3000 tz frnrrnrrYil sg.ao t 4.48 dBnIIL

0'rfln1:ynlvr?u.t1uitr'ufin'luu'r 1dfit'''ulruF,anln?1il'htol4iir?runoilGll.toiteto

Rlrnadou Rr: ldau:s6'l rilruuuo dl ldrirr'laqrJliluorr: r.rd n o4;1 66) ttasolRna
ttrt-!9,1

nr:flnurlun:1fi nuirnrn'lrru1rro.rr4fir?ilnoildno.reroR'riytodounr:1er0u:cdunru

aruoraaulnqiogiirrdu 30 - 3s dBnHL

toiruernsn'l:flnurfinrunner1{fiu nfud,nr'tror:urnrn:rrul'ltorqfiriilerollduo{s,urtluldu

fiosriil:rnoilfialuoul{dtnrttitillitduixfiu ,vu oltl Kaga ttdv Tanaka (n), r-art ual

nilu (32), Adelman ttaunilg (50) Iligh pass filter schwartz ttdu schwartz (47), stuart

ttAynfls (51), Stuart ttOU Yang (?6), Stapell (7a ffiflClOl Earphone Stockard llAvnatv

(49), Snnrt UAgnAls (51)

ri'{du6{n'r:finrrjnficro.:uoavnfifin'lidru ,dol#r:rnlanra finlruttnu6lii*du
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_t I m AA ' t e

$1r1{d l7 rrdg{nln?lil t?flo{Tvrr:uerourruo{eroRt:ytodounr:loOutsduRludtJsl lu

rd n u: n rfi o fi 1t rfr u d o nmsqq reu n r 1;0il 0 1 n n 11 6lR u tsr 1{61

ffilrdo"r olquactule dst:rnr:tfis s?{tn?1il6 '$rurunfin ABR

n{rufiroux rflotnfineroiurfi Gz) Threshold

Schulman- u:nrfio- 30 150-1500 10004000 10-20 dBHL

Galambos [tdU f iU

Galambos (13) 22O nu

Adelman ttas 0-5 UU. 10-20 20O-2m0 rc24 35-7 dBHL

nile (50) 2+3O VU. 2s.5 dBHL

4f.-72yu. 2O.E dBHL

125',W

Stuaft ttds #-72YU. 57.7 30-30fi) 2A48 3.75 dBnHL

nils (51) 20 nu

Stuafi ttas 0-48 Yil. 57.7 30-3000 ?A4 14.5 dBnHL

flEus (53) 49-96 rtr!. 3.E dBnHL

40 nu

Yamada rrdu s iu 10-20 dBHTL

nuy (r5) ll nu

Lary rrdvftors 1 iu - 10.0 300-3frn rc2+2o4 < 30 dBHL
i9(32\ nouRfruulu

42 f..U

Kaga rrdg 1-18 r6OU lO.O -lm0 20OO 32 ilBHL

Tanaka (27) 78 nU

Bunyarak- t-: iu 1t.4 150-30ff) 2000 33.86 dBnHL

yothin(fi1f. 4nU
,94@al

f,nu1n5.0u)
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AA
3. lsgul?a]R'lttRnnau

r! 6dl
8.1 fl llugslxa"lRlllRnnau

0rnl{ant:fio",1rufod flr:xfi , <ni'rsil fi:sd'unarudl 80 dBnHL finrrndu

rfo{ryusr?arnr:tfinndud I, m, v tnrfiu 1.86, 4.5g Lrtv 6.9 finffiurfi slrudrdu d

:ydun'lrrudt 60 dBnHL nrtnduto't:uuvt?alR15rfinndud I, m, v rvrrflu 2.47, 5.22 ual

zsr fiafiiurfi uavdrvdunmudt 40 dBnHL ul,oduru.trsust?alR1:rfinndud L m, v

rvrrn-u 3.33, 5.s8 uns 8.32 fiafi?urii strildrdu
' j j j v u 4i-^4^.-.^ a

unsnil?tndufi t, m, V fi:v6'Un'lrrudt gO dBnHL frnrndU:sustrarnr:tfro

nduuonerrrfiu ,uouoo,o^un',rruuouuotiu rfioduornunaqrirrfiniiunnstrtfiului6nr.t
I I a 4t a

rgl:suuil:uf,1mnltlq8u(ascending auditory pathway) Ra1?fi-otcraad:varnttauil1{l6u
t9 v4'ooai

uasR't: uu llR R lt9tollduo{0'lRttila{ Rllu9vlnrsuilJ: ud1?tQnniselu 1rtfi o n rlnoil6fuo{
' va oqt' a -d----.i^--A-.sl-.et'ltt14il{st'titfiu0ir?n rflnltsugr?a'lR15tnaflauflo{ttnavnauilnlttonnNriu(80) 0'lRP{aR1t

flnurluerfid ,,uroloomflnurdu 1 d'luanllunt:l{d z orit 20-zr) tfiuldrr:vuvrlar
AA

n1:tfrondilro.iltnnyR1:dRu1iln'1il$tRsn{rIu m{Utilt1sR15f,nulil1n1luus[?a1R15lRnnau

firTofiu?raruuuludrnllti ririiluirir.r;u ruu oq Lary udunatv (32r, starr ttduflglv (39),

Zubick ttAUflAly (zt4), Adelnan llaynilg (50), Stuart ltAUnflg (53), Duriex [tAY Smith (59),

Schulman-Galambos [tdy Galambos (54), Hecox ttAVnilg (65), Lohmaneeratana (72) tgffU

n?filff{ Hodgson (21), McGee (35), Stockard tldgnflg (43), Zubick ttdvnilg (44), Duriex

U6esmith (59), Gorga ltAgflAlg (61), Hecox ttdgfl0lg (65), Lobmaneeratana (72),

Rosenblum rraunalu (73) ffn:rnrrtfiortfusnhn Duriex ttausmith (59) Band pass frlter

Stuafi rtag Yang (76) Polarity Stockard ltasnilu (43) :vffunrruffsflo{llfig{tuR?u

ntglufio{iloiloil Gorga ttasnfly (61) ttns 6ruau'uosnqilff?ocl"l{ Stuart uau Yang (76)

sT.r riu t u u sr a v o fi fi n dr n r : fi n r rJ n fi rnao u1 u tn ar n"l u n r : i fi o ifi'u

i.ti

8.2 nltsget?a1ts?l?'l{Rau

olnp{anr:flRul tun:.:u tnr:r'rfi 8 fiu'l s6) uuarii:vd'un?tild{ 80 dBnHL fi
' j ' ac

nlr0ctuflo{:uuul?a1;v?trrlnfiufi I - UI, m - V ttAs I - V til',lfrll 2.72, 2.41 llAs

AAA46uiva5.t2 rtatliulm n'lila'lftu ?i:soiln?lilo{ 60 dBnHL un'ilflau{oir:vuut?a]:ul4?1{nauvl
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I- m, m-v rlas I - v tvtrriu 2.75,2.29 ttas 5.04 fiafi5urii nrildrd'u

d.r aodBnHL finiladuto{tsuvt?attuni,,udud I - m, m -v ttas

23E ltas +.ss fiaffiurfi slrudrdu rtacfliilu?ro',rrur,.urrrn.luuaou

68

Aq
rrasnts9un?'ltJ

,-
I-Vtmlnu2.54,

alI - m un1illn
I
1l

nernr:suvt?affisil;t{ndrd m - v dlaoondolfiurarq nffiAnu1 Gorga ttasnfls (61)

liodrri',ri'riuusr?at:suirlniiud I - m finrurnnirnlrr,,rt.ul:cnirlnaauii m -v
dn s a,,riu drfl u trrluu u rvu rG ua fiu riutu uqit* qi

ornnanr:dn"1luoftd $asnaRffidnurdu 1 lunr:r.rd + rnfi z+l wnXuldir
j

n'ltcuvr?atisl.t?'t{nau roitttnavR'l:f,nurilnrttnnnl{flu ?l{utll:1sR1:ftflU11'lln1tuUU

' A d ', i -.'l 
et ' Yr

r?n1tsu?'t{nail ilo{nilrsRolJilaluoul.tnfillilnrfilostrlfiu tsu olq Lary ltdgrlflv(32),

Jacobson tlnrflflg (40), Salamy [[OU Mc kean (4}),Gafni ttdsnfls (55) trffUnarilfr.l

Morgan lt6gnilg (34), Starr ttAUnilg (39), Jacobson ttdgnflg (4O), Stockanl [[nvn0lU (43),

Zubick uagnotg (zl4), Schulman-Galambos tlOU Galambos (54), Duriex-Smith ltngnflU (59),

Gorgo rrasflalv (61), Hecox tlavnuy (65), Lohmaneeratant Q2) ffslfrnr:tfinrtfuSndn

Drniex-Smith ltagnflg (59), Zimmerman ttAgnflg (60) Bandpass filter Stuart ltng

Yang (76) tt0v Polarity Stockard tldUnilg (43) , Stockard tlnsn0lg (49)

a i 
t 

C c, ,A-
4. Tsttvt?ornrllfinnailisil?1{loRtflfl u1u llautoRlfl nr4cu{l

nurlunfidnu':r d:vd'u

fi?lrtd{ 80 dBnHL o,:rur,rulnr:rfinndud L ,o, v uasnr:vuvt?a'ltsfi;r.rndud I - m,

m - v uas I - v ilo{rdnrilf,yluuaurdnnramfr rdorirnuirn:rvddro Mann-whitney u

wilcoxon Rank w test nu:rlrufinauttnnsrrtfi'u doauroJuunllnufinurflol stockard

nasnsu (43), Jacobson [rasnilu (4o), Duriex-Smirh ltauflBlv tSgt dl Hall (16) hinrrlr#u
'Al?'r CI'r0rilo{r,'rR0rnrdnurRrfiou'rfi:cuurJ:carmdu'rauq:arlrirdud 6rfirhiridteitrin

t'

n?lilunnn1{rYu orlxl:finrrl cox ucrunare (56) :rsrruliit lurdnnaonnoudrmus fl

n?1uuerRo1rflu ucrfiritufl?'mrrsrRerrdrf;nriou rfionJiuurfiou;ur1"lnqj d.rororfioduorn

r yuudwdrmiift drn rirdlirfl utJn rrurJnfi 6r fi rhiri riildornn r:nndoiluer Rer'rir01R n'r:
4Aoeo'oFlnurdul ilrmiulur1lilq0cflil?'il1,rfluru linr:surraarR'rrrRqnniln v u]?n?]l?tf,ilq{Copyright by Mahidol University



,dolo',OnalilttStnorlfiU{oC tUrOfl:Us Stockard ttdgnilv (67), Gorga tlAsnfls (68),

so:lilu Dehan ltCIe Jerger (58) ltas qflfiQfi Hall (16)

6. o1rrnr,rurnr:rfisrndud v dtsfi'unarrudt 80,60 llay 4o dBnHL

ruanr:flnurluo9oii iinarueoonJorfiunr:flRu'rfloir Moregan uasnfle (34),

Starr tt6gngly (39), Jacobson ttdgnily (4O), Stockard ttAUnflg (43), Schulman - Galambos

ItGtU Galambos (51), Duriex - Smith ttngnfllg (59), Zimmerman ttAVnOtV (60) Gorga llOB

JeI
nfls (61), Hecox llaunals (65) ttdu lohmaneeratana (72) q{1n:rulru'lr tfrUvdUnfrru
a 4 lqe e ' q d d--- A-.E
d.r r o I rdu.t fl lvn : v n u ao a.{ n'lr u uv t? a'l R'l t tR o fl a il il v 0 v{ll lJ fl u

q

d q v o q '' . 4 d & -4-. -A^ -.-R',ttmtyoiln?]il${{aaa{ ti1 tflnltst et?a1R'rtlRnflautillJlluuu ll.toilulll'lR?'l
ttryfv.

nr:lsnrrudldr rirlnnnrdlylunr:r6uvnttfoir Traveling wave 0'tRdlttfiu.lgrulrlfit

duruuruonno{oiu?uirjriunuor'$iud, uav rirhi Basilar membrane *uestn'ouasal dlu

"9 tr'- 
t 

' 
g . r ,{bY- I I q n1 Iflalfi Hair ceu "lniunrtRssquuou ilaruil:veru6r"lniunrrn:sEuo?u6'strrfruouar fir

9 ' | ! | a * u ,-< a A ' "t
bffisusrrarlunr:ewnudrXtgrarro.rrryaailsydryr 0'rRu?t?olnfirhlffldnuitmtufrltvt'lar

ry
ad

tl,ttJlfu

Latency - Intensity Function
4 d - 

, a A jA J d a q d-
fl anl:dRUltRU?Rilnt:gugt?AlR]ilRfl nnuntnilfl u ruoao:uoun?]iln{toiltflu{

n:;qu (fl1 Latency sffi) 1{1J?r rdone:v6'ilfl11tJti'{fl0{riiuln:;qu0'ln 80 dBnHL rflu eo

'lurdrunnrruilostdntilf, il€'t

fl an 15 fl nu rlu ottd ($1r l{fi n ui't s9) ltu?tii: vdlnmu firtnrriun rtn60llol
a A i q d d --.---e^q-'.----)-.y-.--'.--d---.r,----.-- aa

rsuur?dlRt:rfrsnaufr v lurfrntflf,uluuaurdRlflf,?rq{lilustRet1{nuoul{iluudlnqnl{dO$l

6.w,7.s? unv 8.32 n^afrturfi nrrudrdr rueorirlrjirn:rv#nmruuil:rj:ru nuar:vuvtrar

nr:rfinnadud v d:sri'u 80, 60 ltav 40 dBnHL fi n rril ucr n n t r fi'u out r fi riu drrTq vrrt 466
I "od'A - ' a,-4-.-.i-,- i^.{-.

(p = 0.000) 6luesq1urffulru-o:vs'unmrudlaqa,i nltv€,st?alR1ttfientiufi v ovtfrufru

(p=0.726)usrd:s6ilnarilfi{ E0, 60 nay ,rc dBnHL finrrodu:sust?n1R'Etfiaodud v nrrfiu

dBnHL ulrrur,rulnr:rfiondufi v tfiud, 0.s4 fiafiiurfi ttnstdoaon'lrildlclolr;iut
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,"aAiAJ-aeaau
n5seluoln 60 dBnHL rflU AO dBnIIL fil:su3r?A',rn1ttnenfrufr v tfru{u 0.79 tJaa?ul?i o{

;crJ"aiiqe
:rjfi q vu1 62 6.:uanln:rr{nrarrudru#utts?r?l{oltstlvt?alfltrtfrendufr v mln?lile'.t
n 

- -y, ' a ,j t d n C 9, -.9--.^
ovr#uleern'r:vuvr?a'lflr:rfiondufi v 0vfin15til6t uuila.:tdnuoufi:vojiln?lild'{q{ttaunl

6 A d 4 r.i | -,.--{--^-^
:yuvr?a1R1:rn-nnaufr v oyilnr:rilduu[ila{il1nm5sdiln?lilo{lf{1 nal?no tuoaqtsqil

n?lild'{oln 80 dBnHL rflu oo dBnHL fit:?uut?a"tnr:rfisndufi v ostfiil o.zz finffiurfi
' A e @ a ---. ' e-A^--d

sto 10 dB rrasdioaotudun'lruo'toln 60 dBnHL rtlu +o dBnHL fllsuust?a1nl;til9ndufr
A A A. ' ' ' :--9-----A^^.-^.^^v 0yrluJ 0.2K) ljaaiilrfisroto ag Hanl:finullunirfiaoonao{d'iln15ilnurflol Picton

j' A o t - 3 '
lAsnfly (80) Hall JW. (16) ttduGalambos tld3 Hecox (19) Yl21 0Jo tUn?lil9{n1 nltsuv

a i z{ rj r 4,q-1----.y--.,-)-- ------F^^a!-.- 'rt?alR1ililOndUOsilnr:rildUUuilarrurR tlasril-o lun?1il$i{q{nltuuvl?a'lR'l:tRonau0stjR'l:
r.t

nJduuuilaufr nu oa dl hi rriu Linearity

Jacobson uasnilu faol ld:ru.rruliir nltoduflo.t:sust?alnltrfiqndud vov

rfirudurJryruror 0.34 fiaffiurfirfioaqn11ud'{a{ l0 dB (o1nn?'tild{ 60-30 dBnHL)
j a Ai-- A.

schulnan-Galambos udv Galambos (54) ilu?1n1tflau{o{TUt ul?alRlttR9naum v 0ul?{lJ

A a aa dC
flu 0.40 ilaa?u'rlruJoaon?1ud{ta{ l0 dB (0'lnn?1ild{ 60-30 dB) star ttasflals (39) lIlJ
'o d a i.t , cl I t A v - 9t-- e
?"rlurdnrrsRrnoriiiorqnffin ?54 dilorm Noaarvdun?1ild{a{ 20 dB (0'lRn?'luoil 6s-4s

, a A j A g a oa er .4 
" 

_-Jd
dB) fflrsusr?a]R1:rfigndun v 0slTiiliu o.2 - 2.o ilaa?u'rYr uav0lnn'l:f,Ru'l lun:{ul,lu

?1 nrild0ro{rsuvr?alnrtrfiona^ilfi v ovrfiudu o.r, fiafiiurfirdoaon?1il6'{a{ 10 dB

(0 lnn?lild{ 80-40 dBnHLl 6.rfi ri raonn Jor flu n r:fi nu rtot Jacobson uavaal& (4o)
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unii 6

qrJaranrriffs rms{ordnomily

atrilruanrr?ffu

n'rtflo",n#od firnr:flnurlurdnnnosnrudrfi usiilrufi nr:yrf,urrronr:qqrilu
bto - ' 

I t

nr:lo8uorq l-3 iu '$ruru uAu tsrifunnfinn:rquii:vrirnmrud'r 80,60 tns N dBnHL

dsr:rnr:rfiorflurnfinryrrri'r rr.+ ndnsrsiurfi u?{n?1u6 lso - 30m Hz ntudldolo
-v9

nr:flnura:rJleFi,rfi
q

t. dnuatvg:J:mto,rndunr:1si0u (waveform Morphologyl riiulirtlu{ndn

fi :sd'unmrurT,rq.rlur6nu:nrfie ovr#unr:il:rnggrJirrro.rna'ufi L m ,,urodufi v out
ufit0u

z. nrnrrrulrtu,16iinouduoireroR'rrmeaoilnr:'ldOurrrfi'uriruaruo,rturdRurR-
A a' j t 

-lRg ilnll0nuln1RU 33,85 dBnHL (S.D. = 4.43 , 2 S.D. = E.86 )

3. ryuer?arnr:rfinnrfrud L m, v fi:v6'un'rrild'r go dBnHL iinrrvrrfi'u t.go,

4.ss uav o.q9 frafiiurii nrili{rdu d:sd'unarrudr oo dBnrIL finru,irtiu 2.47, s.z2 uav

z.sg fi46?urii nrildro-u uasdrcrTuo'rrruA'r 40 dBnHL firirnirn'u 3.33, 5.EE trrtv E.32
AAAAOq
ilaa?u'r?t 9t1tJd10u

4. ryuur?a.'rrnrluu6rd r-m, m -vucrv t-v fi:vnilnrrrudr s0dBnHL fi

nltyflRu 2.72, 2.41 uav s.rz finfiiurfi nrxdro-il il:vs-ilnmil6'.r oo dBnrIL finrnirrYl

2.7s, z.zg uav 5.04 fiadiurfi nrildrd'u unvfi:ssTun:rrud't 40 dBnHL finrnirfiu

2.s4, z.3B lrau 4-88 n'afiTutfi nrildrs-il

5. tfinrfloyru unyrdnrnnrfr finr:vorrearnr:rfinudud r, tIr unu uf,ud v
1 n u sr n sr r r riu o u x fi u-u dr rTq m r.: afi fi G={. t s. p=0. I 8. p=t).28 o ur d r du 1

6. tdnrnnrru uavrdnrnRmtlr finr:vuur?ar:un?ruudrd r-rn, ltr-v uay r-v

lrl r rsr n sn r fi'u o ur I fi riudrd'q vr r.r a66 e4.26, p{.48, p q.z6 n r rl d r eTu )Copyright by Mahidol University
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' o A A . t.r o i q v7. n1:vusr?a1R1:rRflnciu riloturdu{naRn:v9iln?1il0{ 80, 60 ttav 40 dBnHL

d ' - ' dq o - aa ' o A A g A
ilnlilunnnrfruour{fiu-r,dr6'qnxa66 e+.ooo) lounr:cusr?a'lRllfronduocrfr'rJilurfro

uv
tvnun?'tuo{aoa{

a v J | ' o j i q m'a
B. n?ludil{ur:vilet{n1:vuvr?aln15rilanaufr v uasfl ?'rtlri't'lrurfl u Linearity

,t9r'944OdduuaAdr.ll
RA1?nO rilO [Sr6rU{RtsOUYttsolJn?lilO{6Y{ n1:sust?A1fl't:tROnAUilfl't:tilnguuilA{UOt'q9

Auvdodea
([ilOA95Y9Un?lil9,iltlOilldU{RtygllJ0lR 80 dBnHL llJU 60 dBnHL O$l:'l:suUt?A'lR'lttRff

4i__AJ--_aooa,,Aq',ooC--1',
ndufi v rfrrufru o.zz fiaffiurii/to dB) uavrfrolrrfrwn:vquii:sn-unlild{d1 nmsuvrlnl

nr:rfinndufinr:uJduuuila{il1n 0doan:sd'un?tud{r,o{rtluln:vquotn 60 dBnHL rflu ao

dBnHL dsr:rrvosmalnmrfiqnduii v r$irudu o.ao fiadiuriino on)

I

nrnir'hJlrlunNilfirih

arur:41#vdun:rudt 40 dBnHL r:1u,narnl:vnr^u:vri'unrrkiu^ulurdnrr:nrfinlffirdn

1. Rr:?r1o1n?'rrulrrolrg fir?rusrslauo.rsronr:mnaounr:1d8uryrfi'uriruaruo.r

(ABR threshol$
AA
SJUtlilUerORtO{

T{01:0r1
99

2. tu nr:sr: ro n r: ki0uuuu rin n: o.r n ?:fr 0'rs anriuro*oi n'rn ?lil 
thfl 

or4iir:ir
t hoo -' ' o A j

9louduo{aoR'ltvl9tdoljR1: [ot,urv$iunludrJo{ uasfl'tsvuut?a'lR'tsrn0ndumn?Tlf{.{q.r
9!,9199t

nru u{oolilnafi lnfi nrrilQnno{uuudrrurn8lffu

ororfl u nrn:rndtirraru ru rfi u hJ ni rfu 6rfi riorau oirnr:srr?o nul;
d "q u a s ot u v d d

n?:urR8r{yililnrrflnGiu leuly:y6ilfl?1ild{ 40 dBnHL rflurnarqnr:

3. firlo6'unnruog1{ dfifln$roRrryrof,ounrrl;e^u:rd'uriruaruor s'rdu nr5fl
s-Y.)99

roryalrJlr n?r fi 0t:arlrlnl'uorm1 [uatriuelu

rJ: vlsrufl uiYu o"r n o r: f; nu r

i ,n'o - 
u d hoo - 'l . tuoYt96louRlt tnuutruuno R t 0.t g?urflto,tytocfoilRl: [9tiu: vail Rluduort

-daidslTrflsrurraur9nlnfliliu{llnnunilolrJ I -3 ?LCopyright by Mahidol University
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4 ' a A l- --4-- ..-- -'-t:---.^-^4-,2. flARlrdRU1n1:sust?AlR',lslfinneiu tvuu[?41:s?l?'l{nail ltdvElJtl{fl0{flau

d1rJ1:odl'lrjr{lurnarql'yrufi or:fl r: yilu n tr1;0u ilavilt u6u:cdu nr:ld0uttllilde Rt o.l

lurd n u: nrfiori.rrd nrvrarluuavtd nrfl nutfi rqnnudfi u',g t - r iu

r. nanr:fin",ru9od arrur:odr'[rjr{lurnarEr'srutunr:il:srfiunr:ld8ulurdndfi

olrnduoounr:gtyrflonuld0u dtrfturJ:vluuulunr:f tlilmlunudurlarr::trn'tnR't:
. t 9 tt t O n to d
1e0u uashnriruuvdrunfl rJnn:orlun1:s?un15'iilurjaru::onrHnr: lqButo{tdR

iu,uu u,,us Gh fi Yu n r : f; n s r n $qst olil

t . n r: rirnr: fi nu rlu rio{fl o{ Latency- Intensity Function tfr iltst^t

d 4 ' u iA ' h to v
2. fi?:uRlrf,nuln1n?1u t?1,o{l4?rrrilnoilduo.t9roRltll9doljR'lt [9uu:ssu

9tttt9t oAdqas.s
R'tu6mo{ luilnauRailo1u tuo.l0'tR o'tuut'tanonl:Yr9douRlt l9ulltsflljRluflilo{ leu

aq{

q d 4 d ' / ' ' un 3
rn fl rv lu rd n dr o v rrl u n r : muil : v ffi u : v sYr n u 1o8u lu sa r iuer r {'l le il'r n fr u

3. n?rfiln1:finurlunqlrdnfifi nrrr,fluuruorrqqrdunr:ldau dorfl uRlru?u
'dAoateete
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5.52 8.40

5.07 7.41

5.58 8.46

6.12 8.43

- 8.3r

s.25 7.4

6.sl 8.64

5.94 8.18

- E.34

3.30

2.88

328

4.05

3.30

3.24

3.21

3.30

3.03

3.33

2.n

2.91

3.81

3.30

3.75

3.2r

3.54

4_18

3.72Copyright by Mahidol University
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enrl{fi 22 ioryadunaroulrrur,.ulrrni,oou^uii r - m, m -v, I -v fi:cd'il

n?riln'{ 80, 60 tlos {l dBnHL lutdntnauru

o-C
a19il?l

'Aaaazi-
t&ust?41: ul4'l'l{nau (ilaa?u'lvl)

80 dBnHL

I-m m-v I-v
60 dBnHL

I-m m-v I-v
40 dBnHL

I-m m-v I-v

u. I

T.2

u.3

%.4

u.5

v.6

v.7

v.8

,t.9

s. l0

u. 1l

v.12

s. 13

t. t4
u. 15

s. 16

T.17

s. 18

y. t9

v.20

v.2l

v.22

2.7 2.79 5.52

3.05 2.11. 5.16

2.43 2.M 4.89

2.73 Z.9r 5.64

2.91 2.55 s.M

2.70 2.22 4.92

3.13 1.98 s.ll

2.70 2.58 5.28

2.s3 2.N 4.93

2.88 1.92 4.80

3.09 2.6r s.70

2.22 2.6t 4.83

2.64 2.43 5.M

2.94 2.37 5.3r

2.N 2.N 4.87

2.49 ?.N 4.89

2.67 2.34 5.01

3.03 2.13 s.l6

2.73 2.28 5.01

3.33 2.31 5.64

2.N 2.46 4.86

2.6t ?.37 4.98

2.91,

2.82

3,09

2.94

2.67

2.82

2.79

2.N

2_M

2.6r

2.58

3.33

3.00

2.31

2.88

2.34

2.W

2.85

2.M

2.88

1.9s 4.E6

2.W 4.89

252 5.61

2.N 5.34

2.13 4.80

2.52 5.34

1.95 4.74

2.22 4.62

2.34 4.80

3.n 5.88

l.m 4.8

r.56 4.84

2.37 5.37

2.22 4.53

2.t6 5.44

2.37 4.7r

2.Or 4.98

2.85 5.70

2.N

1.80 4.26

2.t3 5.01

2.43

3.81

2.52

l.7r

2.49

2.43

1.95

4.9s

5.13

5.04

2.70

4.982.46

2.67

2.73

2.58

3.15

4.38

5.22

5.01

5.10

5.16

4.89

4.89

4.68

2.70 2.t9

- 2.64

2.70 2.19

2.?4 2.34

Copyright by Mahidol University



nrNd 23 oioryadrl,aq{nl:uust?nrrrn.loudrd I - m, m -v,I -v fi:vdunarrud.t

80, 60 [[as 40 dBnHL lurdnurnufl

'iaood
:uuvr?a1tvfi ?1{fl au (ilaa?u111)

ood
a19ill|

ru. l | 3.06

a!- 2 | 2.67

ru. 3 | z.es

ru. 4 | 2_7e

fu. s | 2.99

ru. 6 | z.er

w.7 | z.ss

ru. 8 | 2.e4

ru. e | 252

iu. 10 | 2.N

fu. 11 I z.er

w,.r2 | 2.82

ru. 13 | 2.31

ru. 14 I 2.7?

ru. ls | 2.46

ru. 16 | 2.s2

ru. 17 I 2.70

ru. l8 | 2.43

fu.re | 2.s2

iu. 20 | 2.8s

iu.2l | 2.6r

s!_22 I 2.5s

2.49

2.58

2.57

2.M

2.91

2.W

2.52

3.81

2.80

3.15

2.t3

3.03

3_09

2.55

2.76

2.61

2_55

2.49

) 'r)

3.14 1.98

2.79 l.9E

5.O7

5.13

5.10

4.77

5.01

5.31

4.95

6.00

4.80

5.78

4.23

5.97

5.04

5.76

4.77

5.34

5.07

4.?3

4.38

5.t2

4.77

2.19 2.U 4.26

2.55 3.60 6.15

- l.7l

2.70 2.49 5.19

2.55 2.88 5.43

2.16 2.34 4.50

r.77 2-88 4.65

2.82 2.3r 5.13

4.56

2.M 2.19 4.2?

2.0t 3.09 5.10

2.33 r.67 4.00

2.22 2.N 4.62

2.@ 2.43 5.W

3.72 l.s3 5.?s

2.94 2.20 5.t4

1.98 2.r9 4.17

2.E5 2.M 4.E9

2.& 2.?4 4.98

2.31 228 4.59

2.58

2.55

2.53

2.31

2.lo

2.34

2.43

2.19

2.W

2.63

2.to

2.94

1.95

3.2r

2.Ol

2,73

2.52

t.79

2.16

2.31

2.73

2.N

2.5s

1.86

2.43

2.58

3.09

2.25

2.37

2.t9

2.82

2.61

2.82

2.M

2.64

2.28

2.34

2.r9

2.34

2.13

', )1

s.37

5.40

4.95

5.34

4.85

5.34

5.13

6.O3

4.77

4.77

5.10

5.&

4.92

5.55

4.92

5.16

4.98

4.77

4.71

5.19

4.74

4.77

zm dBnHL

I-m m-v I-v
S0dBnHL

I-m m-v I-v
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