
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 



4 0  ' I 
em lfRl om 6PM 

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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