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to inlrauml lcvsl dllTomffis as small u I dB have been 
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n t h t h e  hcad rclalsdmsfcr f u ~ t a n l ( H R F 9  f a a w ~ ~ l s r  

3. LOCALISATION PERFORMANCE - 
DIRECTION AND DISTANCE 

fun~tlonrarcprop~rlycornpsaledfa,thmthep~rnofround 
wnvm at the car dmms should b ~demcd lo that p d d  by 
mr round aerusll~ out s- on the 0th" hand, hs 



mums and the Ihstener 1- mln [45]) 

4. THE COCKTAIL PARTY PROBLEM 
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xlealc from mnrklng of 5-h ,"cd"cd hby a mnrurrrm 
tulkcr (a%oppowd to a nrn-npeech marker) i s p t r r  thrnthnt 
prcdlclsd by r slmpla enewet,c mode1 o f  tbc lnloacllonr or 
the rounds a, u r h  ur ms addihonal masking m refemd lo 
as ,nfomahon.l maakmg 

Masked Unmasked 

1141 The rpcclrnl companmts are eomctly g m u d  and the 
,nrom.,,on m.rc~tly ~d."ldCd but sncnmcng fall, bc"r"*c 

<onesion mlatlng to hlgha level mponcnts the 



. . 
hm lonrclmculc.nl."."n 2" r ' .. ,w: 91 . L c  C.nslnl, 
#kc Jorlvm-nl rf r : . ~ .  ) PO*  .A 1 ? u ICU 16 181. 

.'a C L" l'lil ln<l,..m.,.nmnn r3MIplo'la . 4 111,111. , p w , m  ,. <I#' 0 " 0 ,  ~pc.V.1 C U .  ,J " a t ,  ? H,be.>2r, 

'Ic "*:lo 8 1"p:" ".' . . .'.l,n.,.nrrs m . .,pn,.:a.: 
m a s  nn 0 ,en<.\ 7 I ,,I< r r "  I h pn fi,.:m0 rm;. of 
h.mnc and I r ..\e 6, ' rmrc ,".I 8°C "la ma d ,A,,,"" . . . , 

localired chcrs 17 mtukmnre m thc x h m a  b u d  -srs dcpmdm s p m l  -I UI gcncmted (YI [9, 601. necrndy. 
(iofomutmal mrskmgl thst rr mrr and above the emgdrc 81 har h susgcsled ma mnspomg the w r a l  curs lnro a 
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by me md~ror,  spncm lo allow the hstens to faus the" audsow w a m  to rclramto use l h m  new wcwl cues (1611 

m m a l  mmm on the !am (allrr to dlsamd to the see also 1621) 

~oforma6omI mrrknngmd nearly d l o f  thc spmrl unnushng 
un k exolamed ~n mmr of the smml to n m r  mtlo at the 

The heil~ty lhio IOCW attmtmn on n panirular fakc. md 
mdccd to switch anrntlon mlkns play> y. khy mls 
in s k n g  1b m k U d  parry pmblem Although pnmilve 
souplogpmndes wr, ~RIol"~meanS l o ~ r a t c m n ~ o t  
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PLASTICITY IN THE ADULT CENTRAL 
AUDITORY SYSTEM 
Dexter R. E Irvine'J, James B. Fallon' and Man R Kamkd 

-*ing mrrhanlEm3 were reamms the adu~r 
ham More mcondy, horcuer, a has b r n  dcmonrlmtcd 

~xample. ~n ,he avdnov synw, hrrmmon of  the onw 
halr celk multr  m lmmcdlnm md marked chanpr in Ihc 
fqucncy anmg ofnvdltov n-s (AN) fibma I?], and o f  
nrvmnr lhmughwl Oc audllmi pnmaay Thas "bang% am a 
dlrrctmnwqurnecor~boe~cmtlan orthccorh~urr amn~ifin 
[I]. rather Ihm of plasm omc- Although p,n.,,c,g U" 

br hosdly churncanrsd as mvolwng same form of amve or 
dynam. m~lf ieal lun of neural pmpemer that. rrigg"d by 
thcchand rnout. ~t~snaalwavna~~molemakrmd~*maui~h - .  . . 
brhvren plutm and n o n - p b t ~  ~hangej [5,6] 

I" thc cmc or Ik a"d,to,y *y$,zm much of the r n d m  
for du l l  plartlclg has t e n  ousmed f,m "Eumpmjaologiod 
~ n r t , ~  or rqucncy nclrcnvq and -man m s n m  
models Thcm 15 l d d l t l o ~ l  CVIB-fmaddtplasll~lg horn a 
n u m b  o r m d l a  orhc t m p l  manctmam or mponvr 
toarmnneand mmsmhl~ardamal  amulat~on ~hsanmal 
d m  a .IS mmp1cmnuDa by r gmwlng body of cvldE"ec 
h" runrimna1 lmrglng snd psycbophyrlcal i a d m  3" vddt 
humans Thli EV~CW. ~ l l l  bF ~ ~ ~ Y R Y I C W ~ ~  2" thlspper 

2 PI. LS1 ICITY OF FRFQIIFNCY 
PROCFSSINC \IFCH4hlS\IS 

2.1 Frequency f u n l n ~  and lonolopidly 

The mqionv of ncumnr at .I1 Iwch  of Ulc dm,, ~ L r m  
ur rhamly a w d  for rrcqucncy. mmmmly hlvmg V-sha@ 
fqumcy  Lunmg a w n  lplotr of threshold as a hnrnon of  
r q m c y ) ,  Wllh lowc*thmhold.I Urnewon'schyrslcnsuc 
W n c y  (CF). At the loucl of the AN, the m i o g  curve of  
a Jlng~e 6 h  denr  that or t k  lnncr ha,. -11 (IHC) horn 
whlrh Its lnpul 13 drn~ed. md thus the mechanical anmg 
or ths pom on Uls hasllar membrane w k m  that IHC 8s 
l a f e d  AN fibma mncnntmg l dpcn t  poum on the b-lar 
mcmbms pmlsct n sd~accnt p o m  m suditov brumtcm 
armcam, wrth the conarqvcnsa that thcx m e a l  pmjenmnn 
amorganid I o P o ~ Q ~ ~ c ~ I I Y  ~ I l h r s ~ ~ c I  lo the c-hlra (I L .  

ars m;hlsamp,cally o ~ n l z c d ,  Bcaur* ndlacrnt polo* on 
tbr mchlco are mood lo dlmmnt fqurncia. Om a"atrm,cal 
~och lmto~renub  1" .~"cI~o"~IIrg'g"'g'gttttttth-LD 
*usncy-g(i.e.umnopy).The,omroplo-m!lonoI 
pnmswaudl~v c o n u ( ~ ~ ) .  dcnued rmm decmmmgthe 
CFr afncumor -sthcrurfacr ofAI. 13 lllurV..d m R p r s  

1.Arod B. Sosalld ~wfmqucrry rontoun (more mmctly, 
mo-CF ro"t0un) separate rrnpr or ooncx I" which nevmns 
wlfh C R  ulthln "arm," requenoy ranger .re located 

Although the coshleotoplc oganlzallan of anstomleal 
pmjectmr IS the basic rubrfnte or oentrsl tonoepn s 
rhould be cmphasaed that !he frequency funlng o f  central 
neumns a not dstsmmed aolcly by there patterns or 
anatomlsal Eannectlvlty Ralhcr. ,her= I S  a good dral or 
eonu.rgenos of  mput dmved from dlfflre", rsglon. of tho 
eahlr. (I e .fromdlff"rent feq"eqch."ncls) onto3mg1e 

. " 
ecntn1 ocumm I S  dcnved 2nd malnuined compumlonally 
by ,he mmtegntmn of  t h e  conv<gm, (wclutor, and 
,"h,hmy) mpsr I,  m largely 8 , .  conr.q"cncL ofrbsnger 
lo the re1atwr Smnglhr or ,her oonvFgml inpvts and 





nnnw *np. of uan in the rcequcney map dcnved rmm 
rl~mvlrlm ullhrnonnsl ~psllafrnl err (wa rlmdmg). and that 

whleh Ihs higher CFI wauld normally have k m  mprarcnbd. 
Pmqucney mnp plartnuty o f  thm so* hnr bacn b n b d  m 

I" mm, or thcac .Ndies, de auditnry mncx w.9 mapped 
w r ~ r  monthl anpr the coch~ear M O ~ ,  and the time 

c o u m  ol Ihc change3 m c o n d  fmqumey orpniuuan IS 

themrom no, how". I" the somstormsory syaam, In which 
analogous plnatmty m cortncal map of the body rvrfnce 8s 
men rs a conscqucnsc d p m p b e d  ler#on* (dl@, ampl#t%lmn 
or nerve mt#on), nomcofIhe changer cmtnbumg tooon#ul 
r~organlulmn wsur mmdauly aRa Ihr pnphcml Icnon. 
whdr olhn bkr place m m  gndually 161 1, 0% lhkdy that 
Inlon-lndured audnlorj UXfluxfll plartlaly lnvolvca wmlar 
*on-term a d  longrr-tmm cbangri 

compknnstion for chi prn~hehsra~ IWSS, a should bc noted that 

Acolaticr wslmi. 

rc.rw v #tmcore.tr nmnglll r r .  rcothcn lmumion -urn 
In:cm. CShqrm.) k mr\Ih ~ n n l n g H t  113.141 
5 n. ,r cnnng. n tho . ~ ,n - , emp l ra l  m.m,,.c r c  d. 0, 

a u l  tm ronoirl nrmm\ Ilarc ~ n e n t )  k n  v r r # # k d  ~n 

"..I . . L ' l r r  ,F".'"I, . h : , # . ~  8" ,,,opt.. Are?, .  
mr I, I,, " A h ?  pan I r , ~ ,  u,.q ma."" smry "pun 
8 I,, nr.ldn, l."J t.N, .>",.*I "la., .) merho" an, 
1 mr k rm m.:nar 17. r c w ~  r hlc lor a w a s n  ;onm4 



related llartlclty I" the only lnvcntl~atlon o f  the oryanllatl"" 
of audmry conex ~n humane wnlh 4-ly-dapmg hearmg 
l a w %  memch n a l  1241 prcrenld magndmneephrlogm~h~r 
(MEW ev#dcnoc for an cxnandcd renrerenlalion o f  lcr#on- 

Vllnlng on "N.1 ,me""& mechanam<, but evidence rmm 
0th~. studla i n d l a l r  that a, l a *  In ,"me carrs the changes 
are lnlnlnglpcrlfio 15. 261 

6. CONCLUSION 
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EFFERENT CONTROL OF HEARING 
W l l h e l m i n a  H.A.M. Muldrn 

aff-4 ar can k evoked hy the lateral crcrenlr may alw 
coolnbuts lo amplmdo mdulatrd sound Mrclion [I21 
Rue1 FL d [63] ruggated that rhc Lonlc release of dopaminc 



vllh these analomlcal obnwaaonr. mnvalrlpral sound has 

the l nc r  hau cclls [ill and can altnnrvrnl firing In- 
o f ~ h c  EP the.cror, E W I ~  lend to = lnEME ~ f . ~ ~ m ~ ~ ~  





OC neurons has also bicn mvsst,galsd m nnarlhsllled 
wmea P'm. m r r  erpnmentr revcalid lnhibltov efrscts 
on compound actron potenuals when noradrensllne war 
mimed close to thsmedlal OC neurons sod exclmory euects 
when noradrenalme was meted clor fo fhs lateral OC 
neurms These results are thus ronr!r tdvl lh the nohon that 
noradrenahnr has an cxcltato~efr%mon boththe medd and 
labral OC n-nr 

~ h c  quennon remans as to whst fundson ~ l l r  ~rolscuon 
6om the laua mcrv lw  to the OC system ha8 The Imus 

. " 
drowninal and sleep [1,2].Lnrethcolcvaochlcarsyrtem hnr 
brm hm&alzed to play a mle m .elective auditory anenuon, 
anenuting ""&ended signals and 1" ,mpmv>ng sprcch 
detectlo" m nmry mvlmnmrnts (sg s h e ) ,  nomdrsndrsnbns 
m y  be modulating this pmceu. 

CLINICAL IMPLICATIONS AND FUTURE 
STUDIES 
Dysthnctcon of both the lama1 m d  mrd~sl OC system has 
b e "  ayonued With h m g  sssoclated psthologres Thm 
In not Eurprlilng I f  one conrldff emes of both iystems on 
cmhicnr neural outpt and lheu pmpased mlei in n o m l  
hrsnng When ths latnal OC nsurons a n  affsrt spontaneous 
neural finng, abnormal sctsv~ry a n  well bad to t \nn#tu .  the 

to he 1-3 effm,vr, nhow,ng lens ruppreP3,on m o,oawust,c 
smlsslons alUl conldleral nolv [10] However, ~t mwl  be 
mrnlmned &at stodlss o fp tmts  wnh ablated OC aronl, I s 
patsem that recewed a uesflbular nswc srdlon to dlrvmc 
Menl&re'~ drrease. dldnnweal aelearlmk behveend~smpttot 
ofthe OC syncmr and tmnltun. Rawley and co-worken wmg 
an ertsoslvc Ihtcmfurs m h  found that m the majority of 
paimts undergo,"% the pmcedure tlmu symptoms w m  not 
worsened 141, but Ibc effeca wuen highly vanable 

a1 a v q  young child, rpponed npeech romphen.lon a. a 
majorpmblem,whl~hmay k connecrcd n,&c malfunctmnof 

the emrent pathway 
Mom revarch wdl be nccrs3aytoelucldate E v  blologlcal 

mls of the efferent pathways and to reveal whslhsr a d  
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GENETIC ASPECTS OF HEARING LOSS 
Hans-Henrik Dahl, Shehnsaz Mmjl, Mlrhelk dc Sllva. Marlsrl Pevcrelll, Michael Hildebrand. 
cenrdr H n d n g  Hunreh, 
Mudoeh Chlldmns R e s r c h  Imfifute,The Royal Chi ldm'l  Hapltd 
Parhl~llr.Y#c 3052 

mnd~ctoo~urlherewl~ofrncrrrronbPNlb~~lb~~lmb~~lb~~ly gmsand 
enrlrunmmtnl hem and therefore & nor follav Mmdcllan 
inh~rlmn~c p.,lsmr Most of Lhc common cond,l,"n\ that 
aff'cl 183 arc ~ o m p l n  ~ ~ C I I C  tram With many gcner and 
enu#mnmenlsl factors~aus~ngdeuhnronerouldarru~ncthat 
dealnea belong. In th. '"urnpi." eondlson'eaCgory That s 

1. GENETICS OF HEARING LOSS 
2.1 Clasaiflcstion oflnhcrited dnfnns 

ample Mcndrlino lam. Whcn looking at nonwyndmmlc 
hanng 103s ths mknlmrr nnllrrn IS aulomsl rccnnvc ~n 
-80%. suloramsl dommant ~n -IS%, X-chmmosomc Ilnkcd 
~n -1% and maternal (rnlaehondnal) m -2% of famcllcr 141, 
bur wlll vary mmrwhat drprndlng on elhmc baekgmund. 

12 ~ e n n  chat d..rnns 

me f m  hat > k t 4  dufnea in famllla follms 
Mmdel'i laus nuker cdentllirallon a f  gmes asmlned 
wth k m n g  lor5 carter Gencl~c#s% a o  - > f a  family has 

Vol. 34 Apnl IZWB) No. 1 - 25 



~ 8 t h  dearness, gsnnlmrtr will onen uw lsnkaer analym to 
d e m m  WhEh chmmosome and m WhlCh Relo" on ,ha, 
~ h m m o m c  s mut.tsd gens m located, n o y  Wlll l k n ~ r u c h  
human %moms data for csndhdsa gmcr ~n Ulc chmmosomc 
~ g m n  and delcmcnc ,r any or t h e  genes have a mutnrmn 
that mlght erplaln the deafmu Thls can b. a lahnous 

"=".?,L m Iric",, rnqmr. n "ltL",I. Lh*l\.. I r  
ihlnnrb r n ~  nr mmrpnnr-. ~ahlc 2 ,  11 ~r not mc oh mn: of 

, . . . 
cells 0, ,he Elrm ,ruu,m, pump Ihc po,;ls,um tons back out 
mto theendslymph l heanrlnmlcrl lorr l l~t80noffhhp~ttt t t  

Ausmlun childm with pxlingwl. mhlyndmmk 8umrmul 
nenave hcanng 10% We ran cakulate that i t a c m s l r l y  
I in SO Auwdlan* a en un.Rrncd r r m o  of a mnmnn 26 
rnuuf8on 161 Connrrin 26 muuuons ur row or the morl 
r'ommon gmclie muudonr mour populal#on [I1 Connam 26 
la a mombur of a fnmlly of lnnsmmhrrr  proteins that farm 
~ntcrrrllulnr gap jundlonr md whose fumlon IS m dlnw 
ur "mall molcclllcr to b ,ran,pa"d bbFxoen m,&hbounng 
cells I t  I S  npresrcd I" many I , % N C ?  1" the body, includlnglb. 
avpponmg ellla. rplral IIB.M",. f l b w c s  and .pld 1,mbYI 



P n d d r  
Pmdnn. or Solus camnfaadv 26 mcmbrr 4 lSLC26A41, is 

cndolymphal~c duct adsas.  a% well ar m mnrrnran reglonr 
of the ","do, -"Is and c w h h  T h c u o k N s h 5  ruppon 
the vow that podrio 1% mrolverl m cndolymphdc flmd 

bclwccn mdlvldualr wlfh eg. early and h t m w  prnbyacusls. 
hutbccauv it ~sd#ficul l  loohtam humonmereutmuc, such 
eompan~ons o a  umally dnnr un rampln hom anmalr. cg 
mlccll2: 131. 

mmdscs cr onmallrnnapmblrm. A numherofsrmnlancoudy 
orcurnng draf m~ce n~l. hug mom rccently mon. synrrnacw 

- m combmallon math phys8olosy and phydcl - gwen us 
unprc~cdcntcd hnslght rnto cochlen funrlmn 

ldml#l icrmn of thew gencr d m  hnr cl~nlcal relevance 
I l l ] .  Semenlng for conncrm 26 muUllonr ~%nowonc ofthe 
mnrl mqucrled p c U c  tens ldmllfioatlan o f  -on#" 26 
mutat#on? ~n a fsrn8ly cxplaina Ihc cnusr of  dsafnam, m l l r  
m mpmved geneus munrrlling and has imph~al ion~ for 

and asnng. rn the ruarc. achno~am 
wlll make 81 prsm>cd and econnmtcrlly fesrlhlr to rcmen 
lor mu(al,"n, I" many mom "dsaCnrsr" gents one can s1Jo 
ennurge that Rlure tmatmenlr for lhsarlng loss w l l  lamot 
IPE,~C gcnm or funrtlonr 

2.4 Flndlnl mddltionsl genes Car hcsrlng la. 

. . 
f im#l#is  are ahen ncrded Such tamlllrr nx not common m In Ihc mouw, hnu cell and mppnlng cell pmhfrmrlon 
Auilralla, and Ihc amroach therefore not dwavr an ooom culmmnes M w m  anhrvonic dnvs 13 and IS .  We know . . . . 
Moil of the known gcna assoclsrd w lh  hrannb Imr are lhnl the pmrcsr 13 highly complex ~n mammal3 and that thc 
grnn that enuw early onrtdsarnrr-. we know that thns 13 ~ o t c b  s ~ g n a h g  pathuay plryr m a i l l  mlr ~ 8 t h  hoidii 
1 ~ l g n d ~ ~ " ,  gendlr mnmbullon lo the ,im,ng and wedry and I,, hgandr ha, J " ~ , i l ,  .d , a d >  r.pm%+ m 



4. FUTURE CELL-BASED THERAPIES FOR 
HEARING LOSS 

4.1 Rcplsrin8 hdrcr l l r  uhggme.groulh hclor sndlor 
reil-b."d thlnpl" 

Rcccnlly thee has been much ,"ternlit 1" Ihc mleofMolhl in 

ln empanurn. tho rfudy by nu ad 1211 demnnnrawd the 
runlvrl nod mlgrafion o fmovr  ES e l l s  along the audmry 

ncwc a h r  rrnomnplantatmn into sudmry nerve fibres of 
Ihr rat cahlea. We d l ~ r t l y  Damplanted ECIIS mm Ihe srala 
medm of deafmd gumea pigs and showed that these cell3 
s u w l v d  m the %*la msdla for a post-oprat,ve psnod o f  at 
least nineweek [241 Wh#lxtthiw studla haw ddddd3Wffd 
Ihc ~ l v l v a l  of LS 4 s  m the cahlcq heanng funcllon 
has not b n  rrstond Thu would not only rsyuus that the 
l~n lp lsn f tde~ l l l  SUIYIV~ mIhcmohleqbul thatulcy mtegras 
at the right scs and become p n  of the hlghly slmcturcd 
own, develop mto the coned cell we', and form the nght 
connebon lo nerves and other cells Thhs 18 a h u e  ask. md 

to hovr a poxhvs thempsutcc off- on sudden SNHL, 
Menlrrc'a drrcalc and nolsrmducd hearing 1-3 [25l. Thl8 
mlghr not only br due to the anti-,~nammalow aodior 

m d t  pmve useful m the prcvenson or trmmenr ornat only 
mngmllol, bur also pnhyrcwln and mme-cndmed b o g  
lor3 Foreram~lc the dmovcry Hut m y  ofthe "kfnms" 
B".E 1.e mYdred 1" mamnmnmng Ihe 1- w h r n * " C  
I.,, blancc would m g p ,  l b f  drugs mat r,,m"Ise K* 
tmnw" could bs uwful pham-nalr hrthe t r u M m t t f  
ce""" ofhcanng 10.3 

The mm ear 8s r highly energy d d g  ogrn and 8 ,  

. . 
dunage and oto,or,c,ry [28: 291. 

5. CONCLUSIONS 

a much h*r vndcrrundmg of the molrcular mechaoi3m$ of 
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1. INTRODUCTION: MITOCHONDRIA, 
ENERGY AND CELL DEATH 

Much af thr hunng Ian th., occurs in old age. I r 
~ 'byncun l ,  isllkcly to& due ,",he lung-term detmorat,on 
ofLr  m#to~hoadr#a in Ihr. ecllr of Ihc urhlea. 

Mllmhondna are Ihc ma," energy-pmducmg EtmClUrPr Of 

cell3 1" order to coup1c as muoh rnrrgy as pn lb lc  for the 
pmdunm & A n ,  h~eh energy clalons, or~g#nally f m  L r  

" .  " "  . . 
Ovswcducban of  ROS cm among olkr acllon, damage the 
m 1 n r  and Ilpldr or the m,locho"dna. merieong Wlfh the 
r l l g a  orlheclecaon lmpon cham. nnd rhcn tndurr further 

an. m hi ."d r poliala. I, r *I a rr'. L a unrlrlr 
L,  .,rn .. 11,. p r n c r k  l n ~ranr t on pore ow- III m 
m.mchandc .I lnnrl mcmhranc Inc l m  n vrmran o m I ru  
m I2 Irr mur  4.a. rm:n d p n  hc uronulor man.- uf 

*,I1 I r . , V ~ " n l  t.,J \ d c m l  Inrlras. 0" nun hl 

nlc .me I~J IS  &a R I  .bundl a .h p-..ln.. 
Ik n w t ~  %.~IIhchort.r I ~rnlu.nnt#rrrdtr 8hr n:\lIncl 

. . 
nccum,,late to a ru,lIcim, level to tmgger the pmgramed, 
ryrrmatlr, dcrtndio" or ,he -11 and I t8 cmlmln I" this 
ray, s f  a -11 has many rick miloehondna, the whole ell v l l l  
be rsmovsd fmm Ihc organism. Put m an allematm m y ,  tbs 
whole -11 now EommlfJ Iulelde and Ih9ref~re Lh. .EX -11 is 
unable to csurr fllnhcr damns, to the o w n ~ m  [I]. 

pmnlh ,ha thnemn~umrrr  mny kavocded. howwer, st 
bath ,he mitochandn.1 and orllular Icvdl. rcp1avmmt has 
poblnnr. Mitmhandnn, lhkc Ihc bsrfcna fmm whlch Uley 
evolved, mta in  ,ha,, own wparatr genrtic system, and 
qEpmducc by dw#d#ng. The milmhondnal g e m e  a copled 



n8"m , 1, A,,,*,. ,,,,,"',,o"d,,a ," ,,,e ,,,,a >a>,", ,,,~,,, ,,lC 

mouri. rochL I rilvun D? hhluLrrrkirlrd nilmlns Thi.sma 
I S  t b  ml.,ah*lidl* b h l ,  anm< rrrrlon mcmhnne , k t  
pmaur<r r i r  I.ndRahkrr Lm,""llal and ramer Cnddymph. 
whrh mgelher p r v r l d ~  m~rS). Tor r a h l c v  Fvnil8,ln In 
lhls ntu. ,he nnr Ir S" <",ex A N v c  rnllahondnir .IT 
bnshlly sulnal, qrlnn 1 l a m  bilofbackgrwnd rlalnln& 

mc xtlvr ml~~mndnn m r e n d  chmuehnvt cllE rm. 
bul .rr rvvnd m.,n,y In a L," lay" 7" Wh. iomalondlng 
CIhC *s.lcnd,"itb. mvglnsl~~l l r  VhlEh cnnls,nmany of 

I h c m r m r y  .nryma me heml,a,>ondna Iendlobc d u n m d  
amund the cell?' """let. WhlCh are "on .,.mmg N"lC 
dlbrencc m a l e  fromPan* 

(L e crllr ~ 8 t h  muelel) In add~lton, m#lmhondna hare some 
DNA repar m a .  although hmltd m hlnnlon m m p a d  

the -poLr e m r  roc the e s 5 '  ,, d e a r  8cnomle 
DNA P I .  The enzyme that copla m#mhmdnrl  DNA. 
mllochdnal polymnaw-/\(pol-A) ha. mnc or*- ,#on 
capabiliw, 8ilhough w lh  a mlonvely hwh snor ratscmpwed 
rrth lhe m p m d m g  m q m c  for the el ls '  nurlcar DNA 
[31 Wnlk orldnflvc drmagc to milahondrlal DNA ean he 
efficlenlly removed In "1"" 121, other rypss of  damage, ,uch 

lhe more amp~cx the nuc~ootlde modlficatcons, 
be mwh heas sfhri8nlly rrmnved Ban mfh mwr of nvolasr 
DNA The rcpalr af rnutaad mltahondnal DNA n slvo 
dependea on the stale of  fhc ocll. a ~r less cfhmmt #n crllr 
vnfh n low m8tahondnal polmtoal. hut rmcs fhcr d l $  are 
alro mom llkely lo c n l  apaplmq b e  ceull u < h a  although 
fhnrm~lwhomdnal DNA 09 nolrrmsomnsd, sn lw  more 



explm why inhenled m u m  loads have urually been found 
to decmma wllh a s  in renwnhle t~nsues rush as rpilhellal 
crllr and hlmd [I ]  The nmoval of cells u n  therefore he 

h m ,  mualc ~sl ls.  and m y  e l l s  Npa n f  the mner car 
Hm. the ad.p(nuon Is dcfinltsly nm-aduanmsou.. and 
m~moch0ndn8lly-~ndurrrlapoptor~rumcvcnmally wmpmmlre 
the funellon of fin, the whole organ, and, #n u r m ~  cara. Ik 

fcw. mllochondnn) The mumions may not be ra rrvcm 
lo that the orpnmm k m r  non-vmhlc and d m  early m 
Id, the mulntcd mltahondnal DNA corns. to populater all 

outer ha,rollb.whlrhcon~mb,ghIwrl.orm,urhondn.. 
sm ammg the first to dcgm- lo Ibp m n  car Why 

fibres rhlch make synaptic connectcorn wcth thzm have 
nman, sparre nynnp3n. and, nr fa, a cunent '"fornu".. 
gal, do not genrntc m h,$h rnts o f  amon poteoua1r (I31 
In can- m mumnq the e m w  mu~rnm* OTSFCIC 
nainty are lhkrly to be a major mnrribvtor to arcdalwe 
sms [ Iq .  ~echarmnnduc~ton ar vather w i b l c  sncm 
demand. Howeve Ihc nxrhmoumrduro wmn, I, mainly 
=.rid by K'. ~ h i ~ h  now= p.lnvs~y thm~gb the dourn 
is d-hrmncal gradlenl M w c m  =la mrdn and scsll 
fympan,, and thmfors should no, mat. enrrgehc dsmsnds on 
thecell [IS] Sgncfioanl dcmand may bemade by CP*, whlsh 
also enlen through thu mrrh.notranducnchanneln [48], and 
whxh m vefy far fmm #la ol?clrochrm~cal equllibnum withm 
the "ell. and wh,ch t h e n f a r  "FI~J to b actluely m o v e d  
The hgh conssntmlcon ofmifoohondnarvovndtha h l a t o s l  
wallsofthsoutr halrecll%(Fig IA). Ohmugh whrhtheC.'* 
would have lo be remwcd. wggent? Ihal this mnW b the 
ms,m nu of mew &nand. Hourvcr, men IS oo &fi"i,l"< 
~ l h m s o n  Uur pol"L 

The slna wculatis is a second mmprtanf sit. for 
~ ~ W W U R I  h ~ n g  10s [so] CLIIS such lu the mamm.~ 
cell3 and b a d  cell%, whlrh arr heavily mvolved an 
,on pvmp1ng and whleh have E high concmtrstron of 
mltorhondrla and a high energy conrumpt,on, hscoms 
unahlr to gcn~rate the cndoeochlsar potensal. The lattsr 
forms the battery thal drwcr fhc opcratlon of the ham cellr 
and the organ o f  Cons, nnd when the cndocochlearpotenlml 
fallr, hssrlng loss 18 a eonrequ.n.e. 

Rwove oxygen sp ies  (ROC1 are rnponsihle for mmr 
Oipll~furhloar&mge,w~~hmhttchhndnaandndm~tochondnal 
DNAamgIbpuposnblelag~U Knockout o f m  mhoxdml 
cnrynr ~alled Our-I. which m l t r  in &nrrrl levels o f  

ROS in orrua, r l ~ a l c r  avd~loly Ihrerholdr and lncwra  L s  
~ ~ ~ ~ ~ ~ c a d t t y  IO amunr muma 1161. n o s  mdural by ths 
applmurn of paraquat to thc inncr ur calua heanng 108s 
and loir o f  ha"  all^ [49]. ROS 13 LDYOIY~ ID some forms 
of ototonclfy produNon of ROS m the cochlea 1s enhanced 
by both sm~noglycosida antlhmller and by esplatm, whlls 
aoti-oxldme can pmwdo s m c  pmlccflon [c.g. 18 221 The 
m#tachondnal tmn.;ilion pox 13 mvolvrd m the apopunr 
sbr ammoglym3,do ototoiicliy r m u  hlorktng the pore 
Wth eyelorponnA ppnlally p m c U  agmlnsl the olotorinfy m 
caALwe1231 A d o r  ovcntlmulal~onralr.psoxidst~rrdam~e 

.. . 
milorhondnaauw a loss ofof imncy of elemon -on. 
a0 r b t  still more ROS am pmdurcd, wlllng off the vrlour 



4. PROTECTION FROM HEARING LOSS 
lNHlBlTlON OFTHE CELL DEATH 
PATHWAYS 

mr or hrlr dlr h a WUIX or lmlutlc 
,mum and aoto.ir,xy, With apopra,s (nherwlrp born .r 
popammed all death) lnclndcd a3 a mrhsnlsm k.a 25 - . . 
271 P m b l n ~ k m u m a r l h e c ~ p a s s a c L ~  blochemlcalnpls 
wlthlncelldealhp.thways; hore"rr,mIhcpmsmcPof~aspilrv 
mhrhfors. ha,. COII~ suwlve dosa or amlnog~ycmldc, or 
c#iplntcn thnl ur,uld o t h m m  he lelhnl [28 - 301. Momover. 
d mnnbcrs of mother f~mily o f  proteins c d l d  Bcl-2 are 
o m r o d .  crll dnlh 8s mh8blted. md ha" crllr w d  

"npn.c.l:d b) h: alir\,V..cu H.1.:. nlunnJn. I,. 
Irly..:. c d.Xnn:un a',- u;h,w.; r n l l r r  r . l , . n t  

h .runlr ~t w n m x  ~ h r  n.ua T-• MLII. ..+* hit 

and so pr~motc cdl~lar ~ u w ~ v s l  under 8tre3s I cg  401 The= 
latter results ruggcrl that m the ahscncc of such facton, the 
IPOPCOIIS that occurs afier an msull may k an rvolut~onary 
lddptabon whmh m Ihc porrmilonc e l l r  ofthe -hln, m not 
always ns.rsvlry or md& adusnllgmus. 

T k  awmrnt3 UuL apply to -st," mum. or ofnor," 
damagealso apply foagt#ng Ommmmon change mmmonly 
lbvnd ~n agslng, and v h l d  7s - to  d m L  I? what 1s horn 
arfhc 'common a g m g  d d ~ f f f f '  I t  1s s delmon of4.977 has  
palm from the m~fuehondnd genome that awn as s mult 
o f  nnomalour snnenl#np of the m#tochondr#nl DNA dunng 
nphamn or thr genome BW a .I [ I , ]  round that 14 nut 
of  17 pat~rnU wfh prerhyscum had dctrelahlc levels d t h o  
4.977~hp dclrlion m lhwr m h l u r  t l u v n  pml mom hut 
h L  the delsllon W I 3  p m n f  in mly I o f  17 prism wlth 
normal audlogramr. The 4.977-bp drlnmn ws mors common 

dipruplion of lhrlr mllochondnr Some of Olc mehanlrm. 
that the body has wolvrd to pmnct ntd r  agmnst damagsd 
mllochondna, many of whlcb reflect the baelcrial ongm of 
m,lnchondna. have negmvc wnsqumel  There lnslvds 
the progmmmcd death the V U I D ~ ~ I ~  CCIIS thc 
ear, lkadmg to hcanng lou. Howm, thm; 0s orldrnce that 
=IIS an O U ~ ~ W , ~  LC ~~~r~ or hmze at ~ h , ~ h  
the pmm& dl death pslhsqv normally klekr ~n I f  lhm 
nalhvny can be lnhlhltrd m csllr o f  the lnnrr car, lhsre m the 
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~"mspondlng position o f  Vlc basllar membrane (at t k  
ecst place - RP). ~ h t s  ahaorvatlon ha ~ ~ ~ ~ t c d  In anernton 
brmg focurd on the hrdar membrane and rasy fmm nhcr 
mlcmmshanleal srmemrrr lo ths m r h l u  Howwe,. at 
rewon8 sway fmm the BP, Ulm rr considcrabls owd- to 

. .  - 
memhmns onmhutmg U) the hhdMrj RRR -- Whdc 
",or, .err", hanlar memhrme m b n l a l  dam show an 
rrrrllrnt m u h  u,  rural rqmzesn the CF [MI, <hem 13 a 
r1e.r and onen marked dlfkrrncc 1" mcnvo responses at the 
*,I. Th,! dlrrepncy w n n s  -idly ponounced 1" a*, 
vhnc ,he 31- or "rural rrpponv m the rall rpglon 1% ahout 
I lo 4 dlUoccrvc wk- the p l o p  of  the basilar memhne 
mpmw is a b u t  9 dEiocuve [ l i ]  

This pprr review vanow Cxpmmmta, dl* that nuggn, 
f b l  the Upward Spmd or Maskmg (USM) e f f m  1% rlmply 
a rychophyslcal ohrcrvallon of what m also observed at the 
audltory ncrvc as Neural-2TS This is a ~sll%Fymg m u l l  
8. It 1ndlm.9 that there IS lh"k d l l re "~ .  between ,"hat 7s 
pcm1ved and Vle audltorj nnve rnponJe Lmdarly, ,Fth. 
Barllar Membrane ' N o  Tone Svpprermn (BM-2TS) dau 
were mmsleh Neural-2TS jurlas nactly,thm would kndmcate 
,ha, Lh" hasllsr membrane mponJe 1s l&"tlsnl totha ."dltonj 
nrwc rcspanw and, by the Sam* token, to what s pce'"ed 
(USM) Huwwer, our war shows Vlzf V~UIIUI UIUI ddddrcpa~cy 

asounra Auaralia 
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m s m h e  st the B P d  Ulc I7 kHz lnrrrrwr wlL mc-in$ 
rupprumIwcl, Ur I7 kHz componmcnflb malnn 15 w n  
to reduss ~ ~ n t m t ~ ~ ~ ~ .  ~l,. Is drnm.t,~a~~y d l m m  rmm 
NcunIL2TS. w h m  the total d8xhargcnlc r fyptcally n d u d  

. . 
the namc phmamrna ,u9t o m  m r h o p h p m l h  (0" rhc 
c a ~ s  o f  USM) or m neural dcrchqc nc mearurrmolu (m 
Ihs a r c  o f  Nmnl-ZTS) Thlr con~lusioo IS glvcn M h e r  
credrna when one alro obrrr"e7 that tor both ohcnomcos 
the maxcmum effect m n  When the rupprsrorimarka 
fmq"e"cy ,. below that o f  the p b e m  tone frq'p4"y 

BASILAR MEMBRANE TWO TONE 
SUPPRESSION KIM-2TS) 

mmnona I th=CForBP l  Whilr bnlh USM andN~umlJTS 
i $ c h m " c n d  by!m'ofnhnu155-65 dB SPL. 8n RM-ZT?.,Ihc 
summror mull bo more than 80 dH SPL before #I ruppres~s 
fhopmkfons (8.91 Ilrr ml~rernngto note IhM bnlh Ihc USM 
and the NcunlL2TS clTcclsm slnwI (WET when the mmbd 
wpprrrrar l he l  17 about ROdR FPL(scc Flg I") 

Plgun 2 8  shows the nru la  imm a RM-2TS study [O] 
where the fnqucncy of the probe lonc 13 26 kH7 and h e  
,upprssm ( n ; ~ r n t C d  by o p n  syrnbnk) arc at about 
3 5. 7 5 ~d 20 kHz Again. ~ w t  as m the Neursl-2TS study 
(Fwn 241). the probe tone IS Placed at 1 dlffcmnt 1.vc1, 

A r n u a t i l  Ammli. Ml. 34 Apnl (lOOB) No. l - 38 



rrspnrr IS dmctly rrlntd lo b 4 . r  memhane rnrrhmcr 
The next scrtton reuwvr enlmg modclr of 2TS ar well as 
pmvldmg a plavrlbk and elegant mneptual model that don  
mtcantrsdnn modern vmvx ormchler rnechanlcs md 18 y e  
able to e r o l v e t h ~  dtuu& d#screponnc~ss 

MODELLING AND DISCUSSION 
The p r e v a h g  explanallon [&I31 for BM-ZTS 15 fha the 
nonlinear OHC relponlo tr sammted by the high level 
~upprersor Another cxplm8tion for BM~ZTS IS that it 13 .n 
cpl~bcnonmonoflhch~IfOM"eshn~fL~barbarI Immh"~ 
respnsc (or "m,gnl,on") Cowards Ik baw as n f"nc,,on o f  

dlJcUSJcd m the prcv,ova 3Cctmnr However, ,f we acrrpt 
that BM~ZTS and Neural-2TS ue mhcrenUy diffeien!. then 

IO-W.3"l \pr( laOWlM.1 

n&n o l  L c  above axolsnuionr rumen and all ant 15 



Iso-pmbe response c 

suppressed slope 
2 4 6 8 / 6 8  

d 

Suppreuor IntenslVfdB) 1 %  

as a lnnnmlssion Imp, termmated by the <,ha (mc, ii, and 
?< mCds1,ng the mas%, stlRnss rind damping rcsprctlvcly) 
The mlrronlcchanlral model acts to anenufs the msponss 
basal rn the CP on the basllar mcmbranc a l l  rrgonsc In the 
mod,, the flat all ofthe low fre'usncy wker(whlch gmus 
li"e.rly Wth ma*er level) ehnnm the st,*nsss of the baslhr 
membrane .I the ohcr af the ombeiCF tone. w h l d  ,"turn 



, " 
ITS and ofhnr such as Ihc hdf-celavc shlil o f  the bsnlar 
mcmbme and OAE a r u l .  Ihr hl%Iwa$ mlrmmrhamul 
filler 8. .lu, .hk to mnvm thr 9dBiocU"C slow o f  me 

nny cxmtmg fhrorrtlcal end erprnmenlal okrvaaonl  
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effsetlvely have not jw one memhrnn~ ptencid, but PR 

Vlnvcng h t h  potmllals b m  w~lhln Ihr all. these b. lLn~~ 
would * a m  to k d n v m g o m t  m apparlte dlmaons. One 
study ptenlml (rhr rndomchlur p r ~ n a d .  LP -8OnV) 
Cnats ncmsr the cutloular plater at ,her apex. The "regulrr" 
-11 nst1ng mcmbmnc ptmtlal  for thr love. "ell mmbranc 
l u p p o ~ k l o w t h o ~ t l c u l n r p l a l s i r o f - 7 0  mvrelal lv~ lothe 
0mVofthcsumundingps"Iymph. Havmgawholcchamkr 
such a8 the s~ala mdia (SM) .r a roltags dilRrenl fmm the 
*"m"nd 85 un,qus lo mamma111 ~ h y m l ~  vet lls runcllun 
m hol~suo M n r  llunrxp111ncd I telady h~no(euoluedpst 
to prowdr a &-ah of6dR This falls far rhat oferplammg 
the S O ~ B  or the mhlcar nmphfier ~t IS rmptlng to 



<1lrvontc .mp1rm ha3 paalllvc ."d negaove r v ~ l y  reds. 
N~rnrrovr *dai of 0°C 1" ixllallon $how tbat they an 
cunrrast or elongale srmrdmg to Ihc current pu1wr dsl,ved 
l"lhem,eg [I41 

r ranahic set of r m l u l a r  symptom% #nclvd#ng p u a n a l  
u m w  and debslleung nolsnt giddy mcktn m e  ~ l l ~ n r v r r  
doowd lo ,h%? Sy,","-3 r a rx,m%"c as any other branch 
or knnng sclma. II ertrnrlvr knowledgr on nuid 
dynarnlcs wlthln thsmrhla and urrt1bul8r apparatus [25,26] 
Theream two baslcfluldc"mpPnmnnff - a  hhgI~-Jod,"m, 111. 
p~lamum nvld (pmlymph), and Ihc rrvcnc (mdalymph) 
Penlymph x dcnvni han the c~mbrnrp#nsl nucd (CSF, wa 
the eoehlev duo,) vhch 6118 Ihc two out" chambni o f  
fhr raohlea. smb wnM (SVI, and ~Fn ln  wpm (STh 

. . . . 
arc generally d i m m e d  bccwsc I)  cochlear fluids arc 
pnmanly warn and tkmfore mcomprcmhle, and 21 k l n g  
low mqucnry, prrsurr tluc~uasons arc klicved to equahse 
repldly ncro.. the m rhamkn and to oonn,ate no pre33ure 
dlffrrcnllsl to ihmuble ,he hair rrn, 

The mason for , n m g  hommlhw ,"lo a r e r , r  of 
eochlcar mechamrr Ihe wrth *tic pmwrcs m lh ccnm 

o p t  w.8 nl <elm .bllllh .I b ~ r d c n . ~  ' % ~ . e ' m  
K<,.<nrr 'mcrnhanr, b.lou'b) 11,. R.,lC" 2, n:mh?a,r rr J 
mc \ma Y 8 w l m <  l h  n, m,. .8 ( I  hnn) u a  Ih .  u ? > l c  

(3- FIR. I Cl 
I, war thought for mmy y- that .ny CXEcas hnlld-up 

or cndulymph nomany drams away "a Ih" end-hlur 
d"", vhlch c o n n m s  vlUl the viul,h"l.r apparatus It war 
long r~ppored that 4 for the nou mr15mc 
OF ~ndo~ymphat~~ ulc rises fhsn tblr acmvnt rn the 
ahnnmnl nre in endolvmoh 0-rc. Ln an tmmnsn, wries 

theory h u  m hash. Uring tracers, them s no regular flow 
Smcc rcmwd nr WnI removal of the fluhd realstmcc a Ulc 
sac has k e n  Ihe haw ofrur~~cgleal pmduren to provide mlicf 
horn pstb", dlstrcr. [321, fhlr new flndlng hiu msu1kd m 

lnma In I O O X ~ O ~  for a~tmte ne -IC 
"on.d.rahlc InlcrcJt L" ,he pmeJmorcachlnr hnmmmnr. 
mr has become a "mi lmpmant branch of hating Je,mce 
and is wcll rummnriwd mthlnedlllm wth renew% hy Dahl d 
a1 [33] and PIE~Ic. 1341 

Al Lhc 5'\lnlrmal~mal m n h a  on Mtndre'r DL-% 
and lnner m~ HomcaUrin D m d m  m La An&$ lul 
war. ram I87 rlentlfic mosrr w m  omented whcrc fhc . . . . . 

dnnlr lcr by Salt and collagua [IS] ct has bh show Ulnr &enrhclmlng cmphasl~ war on I)  fhs gcosf>r and mnleeulab 

44 - "0,. 24 lip", aM6) "a 1 mow*. *u.tdla 



blologlral fadom rrgulaflng the volume of mdolymph under 
normal circumstances, and 2) how m mansgc 618s abnormal 
mndlflon. Thc bulk ofpnsentatcon~, and lodeed the keynote 
s d d m  (311 dealt wltb btochemccal aspens of  mnrpon of 
potunum lons (K*) mto SM from the ntrca vsxulam At 
t h l ~  hms the nou candldrte np1alution a lhst hydropl in 
caused bypormmm mtoricmon ofthsrndolymph [36] whmh 
*mmea fmm pionnnng work of Johnston. and collrsgu.~ 
[?I]. The central dea la bat K* accumuhrer m SM bsnur, 
sllhoughtbe loararenrycled m a  loop,thrr~rrent Impxa not 
Ilks a pnsrrvs s1scvrc ElrCUlL These lDOE need to be Mluc1y 
Wnspodaga~nr tpvnaa lpd~ear  and n wouldsppsarthst 
Ulc rnfs of m p r t  ofK'out of SM hr notprrfsnly matched 
to therseatwh~chthe ~onsareddI~v~rsdmmf~ddIymph 139 
Loud "om .xpo%"e reru1tJ m a r l r  m K* eoncenhatmn A 
couple of prermtaffonr only were directed at mnhmceal 
comlatPn Quadretcc dclonfm pxdnoductr (QDP) are now 
bemg added [391 to the batlev of tost. aualhblo to dfagnone 
hydmpr The QDP zm the l o r a t  hrquenry mmpoents of 
fhc d m n m  p d u a  &mdy and thercfm most bkely to best 
rcprermt bar1m"e ohmge* 

Prwloudy mnbnfcal measvremmls by Flock [40] have 
obierued, m guinea plgr erpord to loud sound, ~ubrfsnfial 
"dcshl*" 1" the motmn of the Hmsn cell. (when "dc' 1s 

~onvmflonal vrmlnology aenotmg the lnrtantaneoun value of 
the basclme) Flock ~ntrrpmsd thess shhRs ar slgnlfymg the 
pmenceofhydrops smcethen 8, har bEInshOmu~mg~tWtW 
tone svppresslun algunthm that thstbssolmepres~urechanges 
can he measured directly in the ear canal Wlth an otacou*,. 
rmlsnlon pmbr [4142] 

IMPLICATIONS 1 
A fact which rpemn poorly appreciated m that varlabons m 
hydro.tals DrerroUre 1" Lhls centre comD8mnmt are premtcd 
unonenuuMtotheOHC lnvrrugarors~nlsrrstedrrstedrrsted~m4f0cy 

To do so mlght allow mmmg ~mpMntcluc\ 
I"odsrfo1pofasJl"m infoxlcstionfoocc"rmmm"mtbebe 

mlrmateh behvnn the rate at whfch polardurn enlern SM and 
the nte at whxch ~t leavpn Flock'% work tmphen that sound 
evoke a spike or K* mrmng the chamber, which dewas 
on the chancicnstlcs ofthe rand. On the other had, much 

Acoustks A"stn1ia 

rccsnt work s u m a m  that KK KK bbbw bbbed fmm SM at a 

far fmm clear, then is #eat ,",mi, in aquapmnn w a t e r  now 
thmugh pores mm the SM and mmng the peasre [26,43]. 
It 18 porhllakd that water rnlsn the SM undn an ommtr 
gradtent 129,. Thiamranr that there 18 rubdnbdnhal capaafy for 
pmure  n r  co ~ l c  SM, wh~ch cannot be ocglrned fmm the 
pomt o f u r n  of oprraUon of the OHC a n 4  11 it occurr to any 
e r M L  c m o t  be lgnorsd m respect o f  slgnal procsrslng 

~uidencs far eantm~ p m c ~ ~  iiii~uiuig me OHC 
ws 1um from the sccornpany1ng .n,cie in I h i q d a l  edmon, 
~a t th~aud l fo rysys~passcrwap l~~mofwnrmlsysVms 
(Muldm [MI) whxh ran mod,@ wchlrar xnsmu~ly, the 

threshold shift(lTS) [45]" 
. . 

Another frrauentlv stadled nhenomenm land one easv 

TI. 1 .I O 8 I .n* ,Inn." .,I mr. ronm,. I-. nmn 
're UhI d ."hm'r, t  In p.0 c, r,p. I: m.. a,.. ..".rr 

tn.mmrs ilg ears dy lnvnmg a pmbe thmugh a hole m 
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of the ram= order as movlng the probe ap I pm relallvs to the 
RM Thedirplanmenlrerpnscrslrodlrplnydtuooppomng 
mmmnrn,a or Ihc motton each w,,h different ,,me mune, 
- nod c c m m g  a the expsctrd chancxensttc frequency of 
the dace m n r u n d l w r  PIC ID). Ons ofthe rommcolsu~r 

SUMMARY I 
A m d m p  is bmg rnns~drrrd to r r p h m  not anme. hut 
h o m m r t . ~  Smeeths OHC ars b n h d r t r n m r n d  m a t a r .  

bisrd by c g  dralnlng, the,. ds-rerponrcl ,nay bc 1.rgs 
whlrh vnuld cxplaln the remarkably large drncclions of the 
barllar (571, panlcu~arly i f  the crmr nlwa~ 
not be nullcd, these direct mcsruremonta support the gmwmg 
noflon of so AGC loop 10 the mammahan car, shulung d a m  
rrnn~trv~ty for loudcrsoundn and v m  rma. 



' " 1 L " C  I l r  Ipmlln; C." ,  *,I -,.LC I, I m,, , .  I -p r,r 
u, , w i t  .LII#I. L . a," r..p I"!. b.,,.. Ill"; ll, ,r.-'h,ll 
n 1°C .>me t,mr ha IL, \n . ,.U,"d .i.nsu',,on I, ,I: 

1,111 A ,  rm> ~ "1 1 hc I<., o.1 m.rhrancd.,un ,> 7 1r  

wculatlons &bout lbkely changes I" haw cell rflmulaflon wers 
xnvltcd m a chapfor on mchanlal m- oftmmtos [61]. 

l n  a m  of scpnal andym, ~t seem mreapable ~ l a t  the 
cochlea must deal with my  flucfua"oos m prcssurr buf st111 
atkmpttodeliverarcgnal tatheauditoynnwefibnrmwhtch 
811 such flurtustlms have bee" rmovcd 1cavmg only elrmtla1 

. 
levorageofthearch, can hllow wharvcr~r the slow presmrs- 

A rnl. Lr drerrnlcantrol of 0°C motility 

There is a I0OO.I "anatlo" m slitme.% of ,he bsllar 
mmhane along Its length Thr wall produce a large 
~radaflon 1" hlan due to my "due o f  hydrort.0~ pre5rurs 
whlch a qually dlstnbured lhmughoul the vessel and s 
cxpectrdlooulc largrrblascs whrrcthr banllarmmbmne s 
Isas L~ff(Hooke'r law). WhdstheOHCscl-poloemid he 
("hard-mnBgnred" along the lensh of fhs cochlea to acmunt 
forthan b1a8 cuwe verrur dlrt.nce. such an amgement wlll 
not c o p  wlth ongolng decllnr ~n the numben of  OHC due 
to "08s~ damags and sgsmg The MOC system can thus 
be conceived to be siso pIDYldlng ",,nor ad~ultrnentr lo the 
apnanng pol", (OP), not,wt 9" the short-term, but ,"deed 
over II. It Follows that thsrs must k n frsqusncy rmgs 
orcr whmh tho OHC rannot dmtmgunh betwrsn a deflsct~on 
d"c to round or dur to. b W  

Control element far I blologlelll s m m n l r o l  m&anhm 

What therefof sets Uls vnnlductlon OP for any stunulu. 
rondmon? A hvmth fn  150,54,571 s that nnce the OHC 

fn any mechanoleceptor mu>, depend upon the collecnvc 
rcEponr of nvoappo31ng f f f f  One forts might bcpsr,vs 
(or DSmDtlE m ongm), the other m"1ve. Thirs 1s mwmg 
aprscment that mulllple pmcerrei a f  lntrmnlng [62.631. 

Flock'a ob~natmns am mportnnt for a holmc ovmlnv  
of~ochlear fmcnon Hydmps may not be such s pathdog~gll 

m hommtms annot be  rolled h m  OHC psrt~crpamn lo 
tunmg. mnrupnon of any pan o f  the potasslum urculaf~on, 
such an rsnd.rlng conncronr non-functlonrl [33] or 
downpsd,n% the en.w available to fh fs  pumps [I41 may 

. . .  
h these r m x  no""',, hear,ng u rrd/i"/id or ,he c q m q  
s/OHC moidq Both onrrocmn and elonqonon) to crock 
dup1111ents caused bypotmsm ," I I I I I ' ,O"  

A recent r e  of  studler ref out to ,.sf the ,dm m humaos 
lumg otossoustlr cmni,onr [41,421. 11 ha3 been shown that 
sgna1-averaging o f  ofoacouEtlc eminmn denmy3 evidence 
of hommsfatlc rsgulatlon ~ h l ~ h  appczrs 10 be ~~"t.l"ed 
within the ofosmurtlc em1s.m srgos1 This a revealed 
when the dmsncon product magmtude are directly related 
to measure. of slatlE bias I" the two-tone pmbeimasker 
slpsnmsot the rsru1"ng dlstonlon pmductn ars rslrtsd to 

ace pmnovnced for frcq"enrl.r vhlrh ars m~nmgfu l  1" 

tmns of  dumbon pmduct generatm, pamcularly the 
khaulour o f  the QDP [391 

It follows t h 4  sftn mwoe wuma, a may tsLe msny 
h o w  dqulet to rrsel prswm 1" SM to ~IXPPPPP vdu f .  
~ x p m n d  ~n other words thu d m b e s  the -very funelon 
horntemporary thrsrhold sluA Horsver lfralssdprs8a"rsm 
SM ls a normal accvmulallon whnh away ham n o w  
we amve at the oouon of 'Dally Dose' by aoomn appmeb. 
I f  so, there should k rrlsllng data which might suppo* fk 
mnon ofpreriure tiw b e q  normal. Momve., f f f t  fi normal 
-8s. thsn a should bc obsrwabk wclh sub-uaumat~ 
erpa3urs. lf may rvsn be obrsrvable s 8 dddddl " I I I I f f f f  f f  

*her rneaS"mJ ofeoehlear mcrhanlcr 

Diurnd ".*.,Ian I" eorhlprr m r h a n b  

Whlk ofoamusoc Rnlulonr ars not pat of thn mm", Uurs 
IS one key re8"lt which han no exp1snat,on fmm convrntlonal 

dek-woked otoacowtx n n l ~ ~ l o n a  [16.W] and the wavefm 
rraoduclhllll" Is olmed v c m  t k  ,,me of dav Thlr vanable 

. . 
r h v s  S~ncr only dayUms modlngs wers o e r  msdq the 
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Time Of day 

IMPLICATIONS 2 

rocurvd u p "  Ux mgm or the sharp wning in the m c h h  
I ~ ~ . ~ ~ ~ ~ I ~ .  the me or m c ~ ~ e r  ~rnb,~,ni h wIdmmg the 
debaac. ycr thcrebr b m  a m~dua l  wimlvini for datawhich 

cumant theonel. rather b o  3enouly conr#ddng the many 
8yl-s o f  the hcdy dy whch chamber lulgor prrrnurr IS vital 
to om normal phylmlog~o~ funmon. s u h d q  oropwtlng 
p i n u  o f  Lhc ha" a l l $  n d  ~gulaliun or two o w m g  
f o r r ~  one ofwhich sOHC $11 mR~11ry ll is by no msmr 
lncmlrlenl Ihs  Ihe 0th- fmce should be pmrvre #n SM 
I f  11 81 nnrmnlly rrgulsfsd, thm d 13 lobe CX~EIIC~ f b f  !hx 
regulmm should -anonally fal. 

MEolire's d l r n r  

- .  
or the cant* "err1 whm hydmps kcmmel too .d".""cb 

18-w.?4/\pil(lOonNa1 

leakmg endolymph mlo the penlymph wcu with -Iy 
lor," .met3 [MI I" ths contert here, ,r a *llC p-"re 
lnnurncc. OHC nsoxhrtron .I ZII. ,t a or dccldrd lntnrst 
(671 pn#eularly m rsrpsn o f  amuqhc sgnd m % m g .  
k c l u x  II  u n  k rcssnubly-ud thll Lhr oar ha%suolued 
w that l I- hwogsravs ry  lhl r e m  

Canplus1 p M k m  srhirn~ rmm comlddrlrlg OHC as 
,he only ,omme or force 

A recond major comllwy o f  Uls theory la lhal the long-srm 
baadmesh!b mthcmotcooofthc barllatmunhrancmsyhwc 
s tl"," courre which ,r not ~"ongly W"p1.d to t\m,ng oftbs 
sound slimul~. Any msehanicni srpenmml nve%#ng m y  
~ s p n a a  lo tmpmve ths wal-tc-rnlre ralm will hkrly fall 
m regmer my ~ o n g a m  me. mccb the ngnd may be 
wmwed IO k hcghly ~ l ) ~ w , l h ~ r r ~ p n r e d r n e d t o  besdydl, 

a lame eompmulon/ pub m the rrvcrne dirceflon. Coehlesr 
p'~psnf8ons wtfh low ehalkngis ta OBC arahlhulion do not 
raplurelhla &el 16,131 Unlsuonedcrigns mexwnmpcmLlo 
look for much bmrderrangmg bshswovr one will be umpmed 
to mlcmrcI lbe d m  s now 

 om a r h e . r i n E ~ ~ ~ t ~ v ~ l y  

~ h c  thld mm~~.ry or ~hc t b e o ~  a lhst <=hlcu hmng 
wnrltlviryrcwdylnm~whl~cthe~~o~tonic romupabw 
O ~ t h e ~ ~ ~ ( r c ~ a r ~ m I s ~ m p - u r C a n d r o m . ~ i e  motlllm 
rm match my haslsr membrane dliplacament-bwa due to 
a slow accumulahan o f  prsvurr m SM. As fhc nunlben of 
OHC ddlw  ah and W I ! ~  mc innvcnrra (inrludmg 

. . " .  
In thc outm- upnmsa. me ~ ~ ~ ~ b i ~ i r y  is not 

mly  altnbumhle u, recent m m a  Audmmemr Ihnhold3 
Lemwlver. under test-m,st "ondltlon9, vary by t5 dB for 
most frrqucnslc3, and up to 127 dB at 6 kHz [69] a variation 
vhxh  r lmcrl ly is managed rather than rvcr ~rr iavr ly 
que~honed Nothmg ahour the process of obwining a 
pure tm rudwprsm or I* clrsic mlerpmt.hon l&er Ihr 
number dhxn intrmr1 m n m l  mecbnl*m$ into asmum. 
Indeed, ,,re Wnohli,,, ," "1, '.or on., hmrmg # x p P P n m n  
( b ~ ~ h y ~ , ~ c ~ l o ~ ~ ~ p . ~ ~ c I ~ p l i y ~ i i i i  d~k] rr m u o r h b l y m ~ m f  
that the rewnrrhu typlrally mun enhn I l~clecl,  dncrlbe 
and lnlDrpm 8 rcpnrntann wc of  md#vmdual rcrpomer 
to my pn lw la r  ~xpnment, or 2)mnduet m analysis of 
vanance. a d  m so dolng cffectlvely (and oRrn mplledy) 
bYp4.r m y  ronaidcntlon of undnlylng mechani.ml 

I\mus6C(I l\Y.b.l!a 
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MORE ABOUT AUTOMOTIVE EXHAUST NOISE 

~ l a u m s l  pnn not to uuw the veh~ole to brrsth the 
ADR Enroxemrnt at mumer f i m g  shops, with financla~ 
pnslncs would put on end tonolay cxhnustr II 17 psdble 
lhal the Sos~sly could arrrrt a thud p a n y ' ~  lobbylng for a 
champ lake Ihir. however we do need lo find he lhmrd mnv. 

, , 
3 A D  1 0 4  "Erhluu Norr Mohllmq for MuRlr Dnlgn'. 

SAE-Aurrnlsnl P a w  No 871198. Founh lntl h i d e  
Confrrrnce m Automotwe Engmrrnllp. Mclbaume. (19811 

I A D  Joncs. WK Van M w k m  md RT  Mlmd "la il lull 
Nrnh~Ml lhsd  -for kREd,"~~dm"~~df R s d l M  Bngrrr 

M W l i m ' :  NolwCmOlLn~mwl .247CSO( I~ )  

Edlran wte: For example,the Masmu GmSponbnsm an 
clcclmntcally contmlled pncumatmc valvc system thalonablcr 
8 dnucr to mcrc86e C X ~ ~ Y J ~  n o w  by opnenmg mull~ple pons 
m the exhaust rprcm w h a  t k  'Spon' button IS p m d  on 



Aeouatirs 2006 
I IJalnt NZAS and AAS Canhrencr 

m ,nc n r m  . "> rr'. l."#< . , 
rnrnl\l"w *pnu*  lcL d r l  .E Wh. 

, , " l , l , l  n u n *  &".CdI >.,111,.. 

n. Il..nl.rnI.tlUDxIrn lix.I.n.rl 

Arouslba 

r"rom.l,on .bou,u.mn%T"r h o h o h o .  
m n l m n a m  rnllraustldx 

A C T I V E  06 
18-20 kpcmb",Add.lde 
ACTIVE 06. T b  2006 lommruood 
S p m u m  an k o r e  Cmvol or Sound 
."d Ylbrsmn. 1. b,.e o * m x d  by t b  
Soud Ausmmbno D ~ a o n  ol c h .  A d i o  
Arowt,ol Sammy mc symmmm lrlll 
b. bld on 18-20 w m b r  2 M 6  * ,h. 
,,n,rn,* of*dcl.,d., wbrb s b n d  n 
Ik ccmm d1* El* of **l.,dc Ih 
SYmpOIlYrn 16 a EOnllnvlllm or Ur rsls 

I\c0u,&, hsf.l la 

m 13. ~ n a m , o ~ ,  mnrm- on sauol 
nod VWmon rd l  b b l d  2 lo 6 lulx 

lnLmutmon Tmm hctpNxuv.eurr2ML 
"0" 

WESPAC 1X 2006 

2 6 2 8  Jone, Seoul 

Dclall? of Ulr confcnncc can be found horn 
hnn nlcrvll a w m  e a l i  
A ~ r  #hm 1h. NIlnurrmir ICSY I4 rd, 
h iidd Ciliirr A i m a l l 0  m ,Jib 2007 

Internolse 2006 
3 4  hnrnb", Hnr.li 
llnaolr 06 *B the m a r  "En%m=nng 
8 WrUr  World" vlll b b l d  st Shprnton 
W a l l k  m Hnnnlulu. H a w a ~ ,  U9A 1-6 
r h r m k r .  2m0 Thll ronkmnr. Wll l  

ha"< a,, Ihr: Ia"rr. Ih., m.z ..picla I, an 
lnlnnum Conr..nx u wrn ar bans 1" 

led ." , " .  ennmnmn, of rlmol"," Ulr 
cmgm, m u a  w,,! h r lrnd,t"m.l lw 

hl. orlhr v n l  rnd r r m d  m,mr 
.r. .*.,lilbl~ rmm LC - 8  A h a .  
rice dur I S  May lxtlh m m ~ l d  tuwm 18 
hp., F.dY b ' d  rrellvallon m a  am 
wmirblri~~l canus*. 
,nrorm.,,a rmn rrr , m m w m q  

ASAASI Joint Meeting 
18 NOW 0s. Hawaii 
I h u  4th wrd mrung of thr A-mul 
S n e , y o f A m m . n d I b A . o u n o l S a ~  
nllapmvlll b b l d  In HaW.,,I"a-"l 
lnlrmnlr" *hln\ . . rd".  by 3" ,"Wand 
Ed) b l d  qlumllL.7 mtcr a,. a"sd.blc 1111 
2l"LNLer 

l"lomull0" rmm L.~,,~IMI~O,~ 



I* P k.. r. I.. pru 8 .  ,",om..>" ," 
a . ~ ~  I ? , .  0. h, I m  ,r.r,.. n< 

. . 
m e P " l r y * W r m m N n n - ~ m k  
orl"",cr.nrh as 

. Awlymg thr urb.nimdumal hm&r 
mmmqratpny . * m m g  cntmn In high vnmc "a,* 
ax- . ,drn,,rying which "f ,he IrnrnlW or 
m".,m"ce"- am,y . ll"W 8" rmvnt For -"ti.. t h u  mly 
ocm.mpurorthe aaxCMnmng o r n m t  
p I n d  

Thla I s  an n.mp,c of l u l l  nc o< Ib 
appllunlm nnn cmlh 1" Ihr I*rurrn, 
DLC rlll u& or 3 6  lo Ik A w k r w m  
Nanm .ndarh.,... ~mrc,uu.ranlc  
mi P d , i p n ~ l , c , l m  Nn,r'<an h. oblalnrd 
hnm x.Ar.nnm-nr nrwg"~.~*uinuinuinuin ar 
fsl029905 1186 



me pm,*n also mr,u*.r an nhlbll Whl* 

8. I f  the Murum ofsccelrr and Indun," 1" 

i"b,lFLs - fmm m a ~ m l e s  to "wrnals 
nmir, and fmm lnfvmvUlon yrhno1ogy to 
sro"slm~n%mecnn~ 

MaF m f m f  6rm hap, !mfmfd IOI  ag 

Violin Society I f '  

FASTS wdeamsa tbc anoounormcnt Ulot 
ms Pd"n,",a cmms,m w,,, examme 

highly r&vant Cn dang ,". that SElmEI 
and mnuu.son .ppc.n 10 * d n l ~ l n y  *wn 
the Oovrmmrnt's rn,ont,n * ."Db.i,C.lrd 

~ommdlnsnon and hroec m p U u o "  fmm 
l o w ~ ~ ~ ~ s  

'Conlmuaus lnnovarcon vlll b a pnmw 
ddcnrt nmnst mcrrrsrn"e Eompt,,,on fmm 
Chma, Indm and 0th" rmrmlng markc 
player! The EIU's r e ~ i r c h  mdaale3 that 
mo%t rnrn"fsiarms "",I hhhh hh lallal lal Ions- 
I m p m ~ u v r  on m"a;rmmldrnslonsand 
vlmc 0°C a s  of c r w s s  w k r s  Ulry can 
m m m d  blghsod pncss Complncrs must 
~lao~"ron~un"g,btpd"mlmlml"m"mlmlmlml" 
1s I,gh"y e o n o a l d  to runomci dnnrndr 
New ~ ~ " " % m u n *  broushtlomnrk~lnlh 
~~!~*edmdrt l"~meyY'YYYdMMDDmm 
T k  luney hrshbgbn Ulnt tbe l u s v r l m  
nprr,m- ,a not un,que, m.nuf.rtumm 
.I,,% L* world are w m g  to work our how 
lo mad lo the cbllengr tmm ,ow-m3, 
munmes "Aurmlla" buimrrra .us mw 
Eansldnhow they w,,, eomba, h,adollenge, 
they earma mh. aoleh. m govern,"*", n 
unlons lo au, chey mmt mke che mlunuve 
,hem,"* some W d l  kmme global d e l e  
cnms, dlsmbullnl Pd"", mmuermrcd 
ovsrsras, Eoncmlrallng on produo' 
d m l o p m l a n d  mm,yehnlonpm,u mr 
s~mrtokUlrmbl~rtbctmlr,rlo,~ 
sod bowar (TCP) and e l e m d  mmumer 
prndudlodulnc Som.Wll iocvsonmpm 
EomWltlvr pmrmct1. d h r  w,,, need to b 
buslne- lhar are mrlY mrn6e"arc on a 
glow ,-I. - 

,he A u , ~ l l a n  <murmmm, hnr n k d  the 
Pruduillrlt) Cummlnlon lo ondcndkc 
I mrrmh m d y  l"," ,he *,,,""ban 
Gouzrnn~i l 's  rrlrlanshlp wth Slrndords 
AuldmL,m,ld.ndlhrN~N~~~IAiimiiiiiitiiii" 
or a m g  *"*on,.. Tbr Comm,.,,an 



L I 

\\'I NZUUS Berlin 

a 1.u Wrnd .noam. towalmglh. Tmm 
~hrrkmmnt cbnlr and padarn  PI^^ ~o 
It vrr da l lvr ly  emml and r m v c n ~ m  1°C 

ycnnllmc m %m Consmlanonrto MCE 
and ti-* Lc"."%hal and hi8 lrnn rw or. 

E M W ,  rnmmpag 

Bionic Ear - Vir Division 
Thl hl Y i c M a  h v m n  rahn-l ma.$  
To, 2001 w u  I dm" m d m g  held a! the 
M d r m  Mlley Golrand R ~ c c ~ U o n  Cmm 
on b c  6. vllh h f  (harm. Clark as Ihe 
mndd sell" 37 m o n k  an* h."d. 
were prim, 

PrnlCladoutllrudh~sw~hofdr~lapmgul.n~he 
R m a ~ l o b " n g ~ m g , e t k p o i a n d , "  
4r.r fm *horn ronvmtm"d kar lns *Id, 





,or xoum< mnulmnt, has . pnxord lo 
mmr ro"6wti"n Chsnss All lOB%il an- 
mdateandtlmz nsmwdandmayDc " l e w d  





A U S T R A ~ C O U S T I C A L  SOCIETY ENQUIRIES 'I 

GENERAL BUSINESS PRINTING. ARTWORK ADVERTISING RATES 
Alredilllll SUbsEIIPIIOIs Scoll W iamr 8LW Non mrmblm SunMm 

MZE i w n  wallbank c ! ~ i ~ ~ ~  cionuita ~ ~ , ~ t , ~ ~  co 
PO I r  579 CRONULLA2230 P1 %?Pan,* mRwd 

5 1  I021 9528 1362 CAPINGWH '4SW 222 
Fax I021 8588 0547 T~lIW%25~8& 'a11021 95?457?2 

~ l l b a n 1 4 2 ~ 0 w o r d  corn iu mall s c o l ~ l o c r n a u  
Sod Colour $I l l  00 PC ColD~l 
Paparad inren w7SOCandltIans apply 
CIII""" RE S22 00 W C r n  lln P i l r n l d l 1 )  

All mar ncluda GST 

1 . . ACOUSTICSAUSTRALIA ADVERTISER INDEX.- VOL34 No.1'- ., . 1 
ARL . . 18 Env~ro ACOYIt~cs 51 N m s  Confml Aurtral~a . . . .  2 

ACU VIE ll8mOnlCf. . .30 ERM . . . . . . . . . .  lnsan Norman 0,a.y &YO". . . .  12 

~ r u d  8 ~ j n r  . . . .  2, backcow m c  . . . .  lnslde k k m r  
P a r s . . .  . . . 3 6  

CLPCrOnYIIa PrlnUM B . .  . 11  Gw Kln. . . . . . .  .I8 

. . . .  
cormdl wmer !men Wlmgdom. 1ns10s fmntcovar 

P.IE.6 nmt  l"SClt 
. . . . .  .. 

. . . . . . .  ~avldson 1 ~ ~ t r l x  . . . . . . .  2. Inran R'ATeChnoloOy " 

llwvler . .  lnsm Monash uniwrnty . . . . . . . .  18 Swndwd . . . . . . . . .  i 7  



NOIWSONOC 
$ouund [Lev@! Meters 

Nor130 series of Sound Level Meters 

Single Measurement Range 

Parallel LAeq and LCpeak 

Real-time octave 

Large internal memory 

C l ~ k  synchronized measurements i 

Statistical analysis 

Transfer software included 

Nor131 

The Nor130 Series of Sound Level Meters are designed and manufactured 
to the latest round level meter standards and comprises two products The 

Nor131 is a Class 1 (precision) instrument whilst the Nor132 is derigned in 

accordance with the less accurate Class 2 requirementr. Both meters offer the 

same features with exception of the detachable preamplifier which ir only 
available on the Nor131 version. 

Applications 

Noise hazards in the workplace . Prescription of hearing protection 

Environmental noise investigations 

Product noise testing 

ETMC Uechuno00gies 
619 Darling Street ROZELLE NSW 2039 

Tel: (02) 9555 1225 Fax: (02) 9810 4022 Web: www.etmc.com.au 
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