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110 CHAPTER B 

Although the middle ear 1S important for en­
hancing one's sensitivity to airborne sound, 

you can hear loud sound!. even if part of the mid­
dle car is missing or blocked (see Chapter 17). In 
contrast, the cochlea (i.e., hearing portion of the 
inner car) is absolutely essential for hearing. It 
contains the sensory cells (i.e., inner [IHe) and 
outer hair cells [OHCl) responsible for convert­
ing mechanical waves into electrical activity that is 
transmitted to the brain and perceived as sound. 
Sensory cells can be demoyed by excessive expo­
!lure co noise (see Chapter 18), certain drugs (see 
Chapter 19), infections 10 the inner ear, or aging 
(see Chapter 21). Permanent loss of sensory cells is 
manifested functionally as a sensorineural hearing 
loss. This chapter describes the basic structure of 
the cochlea, the complicated hearing organ (i.c., 
organ of Corti), the specialized semory cell, and 
their innervation, and the fluids and fluid spaces in 
the cochlea. 

GROSS STRUCTURE OF THE INNER EAR 

The temporal bone i, one of the major bones of the 
skull. It forms part of the floor and lateral side of the 
skull (Figure 8-1). Both the middle and inner ears 
are completely contained within the petmus (i.e., 
rock hard) portion of the temporal bone (see Fig­
ure 8-1, black dashed line).' 

The temporal bone must be removed from the 
skull and dissected open, or decalcified, embedded 
in a support medium, then cut into thin slices (i.e., 
sectiOn<;) using a precision sectioning machine 
called a microtome to view middle- and inner-ear 
structures. The sections are stained to show various 

' Within thr- Inner elT, there lrC epon)"lns fi;.T.I. number cdl rypt"$ ~nd uruc~ 

turn b<l.~t'd 01\ th .. dc~cnplion~ of ~Hly an3.tQnmt~, indmling: no .. ttdl .. r, 
ChlldlllS, Cnni, Deitcn, Ilensen, Hu\chkc, Nud, R ... isSt\(r, and Ro~cnthal. 
An ""cdlem histOl)' of tho;: cli~cov~rrC'~ perl<aining m the mner elT ~nJ Ih~ 
ch;l1lgc~ in flomc1J('hcul't! OWT tillle L;!fj be found in articles b., H;"\wkl1l~ 
(2004 .. , b) ':11)11 S.;hlChl lnd ibwkim (211(\4}. 
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FIGURE 8·1 View of the base of the human skutt with silhouettes of the left and right inner ears superimposed on the 
petrous portion of the temporal bone (outlined by black dashed line). C, cochlea; F. magnum. hole (foramen) in basal 
part of skull through which the spinal cord joins the brainstem; M, mastoid air cells; sc, semicircular canal; V. vestibule. 
The anatomical relations of key structures are indicated on the horizontal section through the left temporal bone. 
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FIGURE 8·2 HoIizontal section (20-tLm thick) t hrough the middle of the human temporal bone (same section as in 

Figure 8-1), C, cochlea; EAM, external audi tory meatus; ET. Eustachian tube; I, incus; lAM. internal auditory meatus; 
M. mastoid; ME, middle-ear cavity: MM, manubrium of malleus; S, stapes; V, vestibule; 7, facIal nerve; 8-C, cochlear 
division of vestibulococh lear nerve; a-v, vestibular division of vestlbulocochlear nerve, 

tl"~Ul'''' :l11d (elk 1I1011ntl'J on glas, ,i1tit'", .111(\ ,.' X,1111-

inc:d by h~h[ ll11nl~S(O pY. An unTVIC\'" l'( [hl' rl'iJ­
non" amung rile' t'xtt:rn.il, lllh.ldk, .lnt.! JIlIlt'r t',lf' (.111 

hI..' ubt.litlcd by l'x~lIJl1lling J llOrizolluJ Sl'lOOil 

thnHl~h tilt: lJ1lddlt.· of til ... , tl..'lllplHa l bUIll'. F il-,'1.1 fl' 

K-2 "how, .1 sl'ction throll~h a Ilnn11al hUlll,lI1 tem­
pOTal bOlll' .If tht: kvd of the extl'rI1.l1 .ludaory 

me.au" (E AM) Jlld internal auditory Ineatus 
(IAtv1) . Tht: thn.'l·-dlIllCl1SloIlJl J.ppc:.lran cl' nf thl' 
middk-t'Jf (Jvity 1\ compaLlblc wi th .1 r(,d.11l~ubf 

box , Thl' top is torml'd by thl' tl'gmL'1l tY ll1p.lIlI ... 

thin pbtc ofbotll' thJt Sl'PJr<ltL'S the 1l1lJdlL'-(,.lJ' (.1\'­

ity ti'om tht.: brJIIl in thc t11u.ld ll' (:1'.1111:11 tlls,,\. Tilt' 
bottnm 1\ t() r lllc.:.'J by rhl..· hnnc of the hypOtymp.l­
mall, sl'par.mng th(' nuJdk-l'af CI\'lty from the: 

jugular bu lb. The" t'()lIr \vaIL, .m: formc:J, rl'.;;pcctivdy. 
by the: ryrnp,llli( I1h.'l1lhr~lIlc later,llly. rhl' c{)chll.'J 
(C) and VI..,,,tibuk (V) Il1l..'dially, rhe tn;}~ t llid :llf 

cdl ... eM) pn:-.teriorly .md thl' Eust;l('hl,H] tube (ET ) 
.Ulter iorly. Thl' 1110 ... t pO'i rL'riof portion of the Illa'­
wid <lprl';lf' .IS ,I hlllllp bL'hllld rhl..' 'IUriek. In thl' 

lllH.1dk-l'.lr I..J\,lly (j\·1L). pnr!lIIll\ of tli l..' (mIcle, 

(J.l' .. 1lI ,1I HlhflllJll ()f thl' lll.llll'u, IMl\·11 ,Hl.ldw d [0 

the tympJllIc 1ll ~ lIlhf.lIl t', long pn)(l''' ()f tbe lflt-lh 

III ,Uld .. r,lp"-' lSI) ,l fL' vI\lhll'. T hl' \ 'l..' f[[I,.'.-I.1 d t"Cl' Jll of 
thl' 'i1'\"I..' IHh n .lIl1JI nn\'l' ( 1.1..'., fa cial nerve- [7j) 
through thl' [t'lllpof.11 honl' I" \ 'I\lbk 1TI llll' PI),tc­
flor w ;11I ufthe Illlddk-l',lr C.I\·trY. Bo th [h e cochk.tr 
dlVl<,101l (X-C) .lIld \'l" tlhubr liln'ItH] (X-V) 'If [ilt' 

t'lghrh (T,]lli.tl 1l 1'T\'L' (1.1;" .• vestibulo coc hlear 
nerve) .I ft' 'l'e ll III t hl..' JAj\'l. 

Tht., (ocl1le.1 ( L.UIIl I1II.. .. lIHn~ "'1l ,1I1 ... ht'U ") ('011 -

si'\ts nt.1 'plnic,lI1.11 th.lt . in hUJlla ll ~, Tll,lkl" two .lIld 

a halt" turlls .Hound .-I " rl)llh~' I..t' l ltf,ll l"\)fl' It'rI1H .. 'd 
the modiolus. I )\\' Idi ll l! tht.' \"(lchle".1 III h.M ... how'l 
the cc:ntfJlly pl.lcl..' ll Illothnlm (M) alld fivl' fad,;!1 

"ccrioll'. through the ruehle.H" tur ll" ,l1ld thl1d 'p.Il"I..'S 

(i.< .. scala vestibuli ISVI . scal. tympani ISTI. 
scala media [Figure X-:l, bo:\J), The blldll" tlf rhl' 
spiral ganglion ceBs (I.L·" pnlll.1!'y .lilI,htory JWU ­

mn .... ) .m,' found in Rose nthaPs cana] (n·) .. 1 ' pJI'al 
CJIMI loc,ul'd .It lhl' Pl'f1phl'fY of till' 11l(lt.l!tlhl' ("-'1), 
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FIGURE 8-3 High-power photomicrograph of a midmodiolar section through the human cochlea. BOK denotes the 

boundaries of one turn of the membranous coch lea that is shown at a higher power in Figure 8-4. 8th N. cochlear 

division of vest lbu locochlear nerve; H. helicotrema; M. modiolus; ME. middle-ear cavity; rc. Rosenthal's canal; ST. scala 
tympani; SV, scala vest ibul l. 

Jilt' n'!l {f, }1 prolT ... ~t" .. (1.1.' .• ,1.\Ull,) llf rhl.· g.lll~linll 

l't,l1, 1~)!'1l1 till' uh'hlc,H drn"'lllTl of the vl' .. uhulo­

l nl·hlc.Ir Ilt'rn' (~th N) {h.lt cxtr" the h.' lIIpnr.d houl' 

,l[ {hl' ~.\'C nf rill' ...... Khlt·.1. 

FLUID SPACES IN THE COCHLEA 

'-,~'.Il.l \T,>rlhl1h ,1Ild "I.'ala rymp,lIll ,m.' hnrh tilkd 
\\ nil perilyulph, ,I thlld th.1t ha .. ,\ low (nn( ~n­
tr,ltlnll of pnr,W.,iulll Il)!I' ,1Ihl ,I hi~h (Oih:l'lltr,mOIl 

pf ,odwlll Hlll", Thl" tluid I" ' J11l1I.lf 111 lPIlI .... l'OIll-

1'0'>III<HI til It'rl'bro''pin.11 Iluid (CSF), At thl' b .I'l· 

of (he \...I )(h k.l. thl' 1,)\'.11 :lIld roulld \\"111..10\\"\ prn­
\'ldl' "pl,.'Il!1lt-.n; li'om the lTlh.ldk l'ar lIH\ ) rill..' 
n: .. l1hl1 k ,md "\'.1b tymp.llli. n .. ·"pc:ctivl'ly. TIl\' .. tapt''' 

(\ .1\\[1'1.1( .... 1, t1~hdy held 111 the 0\'.11 WllId\)\\, by the 

.llllluLLr hgJtIll'lH, rill' round \\'lIllIow '\ llo .. cd by 
rht' H'l.lrJ\·('!Y thltl, .\l'mirl'rll1t'Jhlc round - \\'Indo\\, 

1l1 1'1II[,r;1I1C, NeJf th e h,l "e of ~CJl.l tylllPJlll , rh t' 

l"<Khll'.lf ,1l}llnluct l nIHH'('h 'cd,1 t~ IIIP,11l1 [() thl' 

CSF 51".1((.' 111 rh l..' LT.IIlIUlll . St',ILII.' \'l.· .. tihulr ,lIld 
tymp.lIli .}fl.' III \'O lllllllIllIC,tt!nl1 \\'lth Ollt' JIHHill' r 

J.t tilt' l,.·ochk,lf .l pn: \'1,\ thl' he-li cotrctna (H ) ('''''t' 
Figurc H-':\ ). 

SCJi.1 IlI l'lh.1 I" .1 rrl;lIl~l1l.lI'- .. Il.\l'l'd "p.ld· dur 1'. 

looted bl'tWl'l' J} !'>CJi.1 \-l"itlhulr .md '>C,II.I tYlllP,IIl1. It.. 
hOl1lld;lrlc\ .In.: Rt'issner~s Incn1brane. the basilar 
1l1etl1hrane. ,lilt! the stria vascularis (hgnr\' X-4) , 
Thl' hOllnd,lfll" of d}\, cochJear duct Of en­
dolynlphati c space ..Ire till.' l'P I rh""lr ,l I (overing, 011 

the '"pl'rlor " lIf(lll' of (hl' h<l<'ILlr 1ll ",· mhr,lIll'. til ... · 
'lIpt'flOr ~l1 rf:l(l' of thl' spiral litnbus. rh ... ' 1I1tt:rwf 

l.IYt'f of R l'i""llcr\ 1l1 c mhr,11l"", ,lilt! rhl' 1Il1ll'f surt:Ke 

of th(.~ .. tr1.l \,J\ClII.1f1'. rht' l'lhi~ )iYllll'h .If1(.· '>P;I(,t: IS 

tilled \\'lfh endolyn1ph, J thud th.1t h,l!'> ,1 low ... 01) ­

(t:'lltr Jtlnn of ,odiuIll Ion.., .1IIt! .1 Ingh C\) ll(Cntr ,Hlon 

of POt.I..,SHIII1 Inll' , 1ll.1klll!-! It 'i llllll:-rr III IOIlIC (011-

l'I..-lltr;lflOIl h ) Il l tJ'.1L"ellui.tr MUld, 
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FIGURE 8-4 (See ColoI' Plate) SchematIc view of a portion of the membranous cochlea, C, Claudius cell; TM, tectorial 
membrane. (Adapted fl'om Davis and Associates. 1953, by B.A. Bohne, 2004.) 

COCHLEAR DUCT 

The cochlear duct ' piral' around tho modiolus from 
the ba.se co the apex ofrhc cochlea. A radial view of 
one turn of the cochlear duct is shown diagram­
matically in Figure 8-4. All cells that form the 
endolymphatic boundary aro derived from the em­
bryonic ceU layer calltd the neUTt)('croderm and are 
joined at their apical ends by tight junctions (i. e., 
zonulae occ1udens). Tight junctions prevent the 
passage of ions bctwe~n the different fluid com­
parnnenLIO in the cochlea. 

The superior boundary of the endolymph.tic 
space is formed by Reis!.uer',) membrane. Thi" 

membrane is composed of tWO layers of squamous 
(i.e .• flattonod) cells . The cells in the inferior layer 
are joined by tight junctiom. The lateral boundary 
of rhe endolymph.tic ' pace is formed by the stria 
vJscu1aris. The cells on the surface of the stria vas­
cularis facing the modiolus arc joined by tight junc­
tions. The inferior boundary of the endolymphatic 
space is formed by the superior surface of the organ 
of Corti, Claudius cells. inner sulcus cells, and the 
epithelial cells on the superior surface of the limbu •. 
lloettcher cells (not shown in Figure 8-4) are found 
laterally on the basilar membrane in the basal 
turn. Their apical surface~ are entirely covered by 
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FtGURE 8·5 Radial section of the organ of Corti from the second turn of a control chinchilla. 1. 2, 3, outer hair cells 
in the first, second, and third rom. respectively; BM. basilar membrane; C, Claudius cell; 01, D2, D3, Deiters' cell in 
first. second. and th ird rows, respectivety; ES. endolymphatic space; H, habenula perforata (between arrom); He, 
Hensen's cell; HS, Hensen's stripe; lB. inner border cell; lHC, inner hair cell; IP. Inner pillar cell; 158. inner spiral bundle 
of nerve fibers; M, mesothelial cell; MNF, myelinated nerve fibers; N, Nuel's space; OP, outer pillar cell; OS81, first 
outer spiral bundle of nerve fibers; ST, scala tympani; T, tunnel; TM. tectorial membrane; TSB, tunnel spiral bundle of 
nerve fibers; VB, vessel of the basilar membrane; VT, vessel of the tympanic lip of the osseous 5pirallamina . 

Claudius cdls. The exact function of the Boettcher 
cells is unknown, but it may involve ion or fluid 
transport , or both. 

The li mbus is attached to the superior lip of 
the osseous spiral lamina (i.e., double layer of 
thin bone projecting from the modiolm) . The lim­
bus consists of a network of fIbrocytes. (apillaries. 
and muncrous filaments. The epithelial cells on the 
superior surface of the lilnbus are calkd intl,ydl'ntal 
cells. T hese cells arc separated fr0111 one another by 
the teeth ofHuschkc, short projections of the con­
nective tissue of the limbus. T he medial edge of the 
tectorial membrane (TM) is attached to the in­
terdental cells of the limbus. These latter cells art 
thought to be responsible for maintaining the 
structure of the TM. The TM is a gelatinous matrix, 
with embedded fibrils, that is abollt 96% water. It 
overlies the superior surface of the organ of Corti. 
111 the living ear, the lateral edge of the TM is at-

. , 

.:.,. ... 
. , 

tached to the apical surface~ of Hensen's cells 
(HC) (Figure 8-5). 

The peripheral processe, of spiral ganglion cells 
and efferent fibers enter or leave the organ of Con i 
hy pa~sing between the two lips of the osseous spi­
rallamina. 1nnervation of the organ of Corti is dis­
cussed in a later section. 

ORGAN OF CORTI 

The organ o f Corti (see Figure 8-4) is a lacy net­
work of sensory and supporting cells w ith inter­
posed fluid spaces. The sensory cells, called IHCs 
and OHCs, occupy the superior half of the organ 
of Corti. Hair cells were nanled for the small 
" hairlike" projections (i.c .• stereocilia) from their 
apic.1 surfaces. In [he organ of Corti, the support­
ing cells extend from its superior to its inferior 
surface. 
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Because fixation of human temporal bones i!i 
generally not optimal and because all mammalian 
organs of Corti have substantially the same appear­
ance, detailed <;tructure of the organ of Corti can 
best be seen in sections of animal cochleas. figure 
8-5 is a photomicrograph of a radial section 
through the orgao of Corti from a normal chin­
chilla. The thin, flexible basilar membrane (BM) is 
covered on its superior 'iurface by the organ of 
Corti, inner sulcus cells medially, and Claudius cells 
(C) laterally, whereas mesothelial cells (M) and 
blood vessels (i,e., vessel of the basilar membrane 
[Vll]; vessel of the tympanic lip of the osseous spi­
ral lamina [VT]) are found on its inferior surface. 
The basilar membrane itself is composed of extra­
cellular matrix material in which heavy. radially ori­
ented fibrils are embedded. Scala tympani (ST) is 
inferior to the basilar membrane. 

Extending from the cochlear base to apex, the 
organ of Corti contains two types of sensory cells: a 
single row of IHCs and three rows of OHCs. Sup­
poning cdls are found mechal to and in between 
adjacent IHCs (i.e .• inner border [IBI; inner pha­
langeal IF]; Figure 8-6), inferior and lateral to the 
OHCs (i.e., Deiters ' cdls [DI. D2, D31; HCj, and at 
the margins of the tunnel (T) (i.e., inner pillar cell 
[IP] ; outer pillar cdl [OP]) . The pillar and Deiters' 
cell. contain parallel, intracellular bundles of mi­
crotubules that extend frum the bases of the cells on 
the basilar membrane up to their heads or pha­
langeal processes, respectively, at the superior 
surface of the organ of Corti. The inner and outer 
pillar cells have a triangular rdation in the ",dial 
direction. The inner pillars Jre offset such that 
the thin head plate that projects from each inner 
pillar head generally overlaps part of two outer pil­
lar head., . In the apical-basal (i.e., spiral) direction, 
the outer pillar feet are slightly apical to their heads 
and Deiters' cell processes angle basally across three 
to four OHCs before reaching the superior surface 
of the organ of Corti and forming phalangeal 
processes, The.~e supporting cell relations provide 
stiff. yet lightweight. connections between the basi­
lar membrane and endolymphatic ~urface of the 
organ of Corti. 
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A view of the endolymphatic surface of the or­
gan of Corti in the first turn of a chinchilla cochlea 
is shown in Figure 8-6. The apical surface of each 
hair cell is separated from neighboring hair cells by 
phalangeal processes from different supporting cells. 
Adjacent IHCs are separated by phalangeal 
processes (p) from inner phalangeal cells. OHCs in 
the first row (see Figure 8-6, region 1) are separated 
by phalangeal proce"es from the outer pillar head 
(pop). OHCs in the second row (see Fib'\lTe 8-6, re­
gion 2) are separated by phalangeal processes (01) 
from the fltSt row of Deiter, cells. OHCs in the 
third row (see Figure 8-6, region 3) are separated by 
phalangeal processes (02) from the second row of 
Deiters' cells. Phalangeal processes (03) from the 
third row of Deiters' cells are lateral to the third row 
of OHCs. Figure 8-6 shows that third-row OHCs 
are on a straight line directly lateral to the lint- row 
OHCs. In contrast, second-row OHCs. are of[<;et in 
a spiral direction by half the diameter of an OHC. 

The tunnel (T) and the space. of Nuel (N) 
are fluid- filled spaces within the organ ofCorti.The 
I.tter spaces surround the body of each OHC. All 
fluid spaces in the organ of Corti communicate 
with one another. The superior surface of (he organ 
of Corti is ternled the reticular lamina (see Fig­
ure 8-5, heavy arrows). It is composed of the head 
plates of the inner pillar cells and the apices of the 
hair cells alternating with phalangeal processes frem 
the inner phalangeal cells, Deiters' cells, and outer 
pillar cells (see Figure 8-6). Tight junctions exist 
between aU cells that form the reticular lamina. 
Therefore, the tunnel and Nuel's spaces are not 1n 
communication with the endolymphatic space 
(ES) . A number of ;rudies have shown that the fluid 
in (he organ of Corti is perilymph or is sintilar to 

perilymph in it') ionic composition. 
The peripheral processes (myelinated nerve 

fibers [MNFJ) of the spiral ganglion ceUs are 
myelinated until they enter the organ of Corti 
through a series of small holes in the basilar mem­
brane called habenulae perforata (H; see Figure 
8-5, small opposing arrows) that are 10cJted inferior 
to the IHCs. Within the organ of Corti, the nerve 
fibers form Tlonmyelinated bundles inferior to the 
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FIGURE 8-6 Horizontal view of the re t icular lamma of the organ of Corti as seen from the direction of Relssner's 
membrane. 1,2.3, outer hair cell in first , second, and t hird rows, respectively; 01. 02, 03, phalangeal process f rom 

Deiters' cel l in first. second, and th ird rows, respectively; IHe. inner hair cell. lP, inner pillar head; OP, outer pi llar head, 

p, phalangeal process from lOner phalangeal cell; pop, phalangeal process from outer pillar head. Arrangement of 
stereocilia on the hair cells is drawn tn black. 

U-lC (u· .. IIlIln SpIT.II blllldk' IISBj), \\ Ilhln lht' 
lllllfW\ 'p.ltT (1.1..'., lIltl ll d 'plr.ll hUlldk II ~Uj) .. lIld 
lIlf~'f1or {O t,.lt"h l"t)\\. o( O [·J( ·, (l.e .. man "Plr.l! 

bUIlJk ... [v.g .. USU I]) {"I.'t' Figure S- .)). 
In 11W ... t hl~tnlogl( pn:p.\T.HIOIh. till.: TI\jl 1\ 
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INNER AND OUTER HAIR CELLS 
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' trunure c,llkd the dui((ll,1( Il/,lft" (t·p). Thl' \1' .... <:1.111/.1-
(H ) Ih lH} Iht' ,1p\l.'JI ... ur!:t(t: [\.(.: .. <\tt'rl'{)Uh.1 H)I t)f th ... · 
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tihl.'f' (Ilt) .111.' vI'lbk' whnt' thl' nn\\' tihn' .,YIl,IP",t· 

nil Iht' h.m ~"(.'JI b.I"t'. The tHIllle] "]"'.Il~' (T ) I' \·I"'lble 

l.ul'r.1i l(l d1l.: IIlllt'f pill .l f h\)d~ ht'l' ht-.'1.1l"c ~-7/\). 
Thl' UH( ~ (t )1 ) 1 ... lol1~ .lIl t! ... ·dIlldnLII \\"Ilh lh 

lluLlell\ !IH·.ltl'd Ilt'.! r rhl' b.l\t..' nf rllt' cd!. Tht' b.l\t· nf 

l'cldl OJ-It ' .lIlt! it" lIl'rn' l'J]dlllg~ i f:.) \11 lJl tht' cup 

rq~h)jJ (J») I)f ,I I kltl'!"\' n'll. I IllLlt·,:lIul.lr 

org,lIlcllc\ (1.1..' .• IllltOdlnndn.1. ly"o'ol11c ..... lIld IlHtTo­

bndlt'\) .I r t..' dmtl.Tl'd III !Ill' lq~]()1L mknnr td lil l' \..1I­

f1cul.lr pbtt..' (cp). A ~rotiP l)f Illll\)l·hlllldn,l 11111.'rl\)r 
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FIGURE 8-7 TransmIsSion electron micrographs of (A) third -turn inner hair cel l and (B) first -turn outer hair ce ll from 

a control chinchilla . cp. cuticu lar plate; D. cup region of DeIters ' cell; E, nerve ending; ES, endolymphatic space; HS, 
Hensen's stripe; I, inner hair ce ll; 18, inner border cell: IP, Inner pillar cell; N, Nuel's space; nf, nerve fiber s; 01, first row 

outer hair cell; OP. outer pillar body; pp, phalangeal process from supporting cell; st, stereocilia; T, tunnel; TM, tector­

ia l membrane. 

to rht..· Illtdt'lJ'I til l:- lht' rt'~i oll where the lll.: r\'l· I'lld -
1Il!P' (E) ~ynJP'>t' . A "1II~!t. row of ll11hKhondnJ I" 
found ,ldjJCl·nt to the tlter ,11 rbStll.1 lllt:r11br.lllt..' ~)f the 
cell . On the OH(\. threl: [0 ti\."C" rows of :-'[l'rcul'Ih ,1 

(sr) an: ,l lT,ll1ged 111 a " W- " or " V-shJpcd" p.tn l..Tll on 
the cdl surf~1l'I..' wlth tht' POlllb t:King lJlt..'rJlly (~I..'t~ 

FI~:~urt' K-6). Tht.' ~ t t'rt'oclh,1 llll th t' OHCs .11'1..' JI.;o 
gradc:d in It'nS'1:h fru m thl..· lIlt'dl.li to rill' I.lt\:r:11 Side 

of the cd!. 111 1'11\1, thl..' tipS llf tht' t:tlln t (i .t..· .. iJtt'r.ll­

m ost) stert'ocilla art: embedded III the T M . Tigh t 

j Ullction.'i (se c..' FIgure X-7, arrows) afl..' lound ht..'[\\"L~t..'1l 

the lui r ctil apt', ,llld the.' phaiJlI~t';ll pnKL'5, (pp) of 

lhe cl(:lj.lCl:"tlt ".upporting Cc,- lIs. Nuel\ "r.lft' (N) "1I1'­
rounds rhe UH( : hodv ('it't.' Figurt' X-7B). 

HAIR CEll INNERVATIO N 

Th e hair cells in the o r!;,1l1 t)f Corti havl: hoth 
afferen t Jnd efferen t inllt.'f\'dtio ll (hgurl' H-K) . 

T hL' bip0J.ll" "plr:ll g,lil!-dJ()!1 r elh, the hodies of 

\ .. :h lt'lt ,In:' Ip\." ,l tt.'d III lt l>,t..·ntll.li 's C,lIl.1l. pft)ndc .1f-

1<:ft' llt 1I1 11L'r\'.l thlll to thL' Il.llr n'II~ . Til t' n' lltf.!i ( I .t' ., 

.lX.on,il) pfole ... .;;t· ... ot' thest' l'ell... tr.nTf"t' tilL' lIlUJIU-

1m, t'XIt the tL'mjJoral hone.' \'1 .1 til t' l/\tvl. ,tn t! 
"'YJI ,IP"t' III tltt' cochie,lr llllclt..' l (If the br.l1 ll <, tI;'TlL 

Til l'1\" plTlpllt'fJ i pJ"(lle'i~e' tr,)\'L'f'lt..' tilt' O'Sl·O\.l~ '1" 1-

r,d LltIllll ,I , 1',1:-', throu~h Iht' hok". III h ,m!.l f 1llt.'11l­

br,lJll' (1.t'., h.ll·ll'll ll l.l t' i't' r t"or,II.l; ,'-'t' rlgurl' :-':-5), ,lIld 

L' \ )[ l' r tilt' o rg,1Il ufCurtl to '>Yll.l lhC 011 thL,llJ lr L't..'lls. 

Typl' I '1pi r,11 ~. I Jlgh oll (t'lI, h,\\'e I.u~c bl)t..ht's ,1Ild 

Llrgc. round Iludel. In ,Olllt' "pt..'t..'1t·~ ntlla th.l1l hu­
IIUIIS. rh l..' h!Hht..''' !)f tyPt' [ g,l1lglwll l:t..' U" ,J i ll! rhclf PL'-
1'1phL'r,11 pn.Kesst·" (,l~ t~lr .1' th t' h ,l h t'lUd,lt' pcrltw.J[,I) 

.m.' myL'illl ,ltt'lL 1 )qwlIdillg I)J) ' 1"l'l'1t'''., type I L'dl~ 
(omprt'ic oS'!·!) (I.) 95';'-" of the ' PI L11 ~"rJllgholl ct.'11 
pnpul.ltlOIl .1I1d t':'\c1u'il\'C:l\, illllt'n·'](t..' fll( :~. Tht' PL'­
flpl lt.'I"'ll prot"~~'i of t',lt·h ryl't:' I !!;l llg!J (\ 1I cdl t..':,\I{, .I 

il.lhcl1Ul.l pcrtor.HJ. rUIl:-. dlrl·L· t1~· tu th t' lle.l fL· ... t II H ~, 

,lil t! t<lflllS :l , 111.111 humoll {,ll dlll ~ 011 tht' b,l,\t' Of b.l­

sul.Hcr,ll "iUl' o f th t:' h.nr t't'll. Tht'~t' tibC'r". Jrt..' c.llled 
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FIGURE 8-8 Summary of hair cell innervation in the organ of Corti. IHe, inner hair cells; OHC 1. 2. 3, outer hair ceUs in 
first, second. and third rows, respectively. (Adapted from Spoendlin. 1984, by B.A. Bohne, 2004.) 

radial ajferents) and depending on species and cochlear 
locanon, each IHC synapses with about 10 to 20 of 
these fibers . Within the IHC adjacent to afferent 
nerve endings, it is common to find synaptic bodies 
surrounded by synaptic vesicles. 

Type II spiral ganglion cells have small bodies 
and lobular, eccentrically located nuclei, and they 
are thinly myelinated or not myelinated at all. Type 
II cells comprise 5% to 15% of the spiral ganglion 
cell population and exclusively innervate OHCs. 
These cells are located laterally in Rosenthal's canal 
near the origin of the osseous spiral lamina. Their 
peripheral processes exit the habenulae perforata, 
travel a short distance in the inner spiral bundle. pass 
between adjacent inner pillar feet, and then cross 
near the Hoor of the tunnel as basilar fibers. The 
fibers enter one of the outer spiral bundles, turn in 
a basa) direction, and travel as much as 0.6 mm be­
fore forming bouton nerve endings on a variable 
number of OHC bases (e.g .. 6-60) in one or more 
rows. Each OHC synapses with multiple (but an 
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unknown number) afferent fibers. Within the OHC 
adjacent to the afferent nerve endings, synaptic 
bodies are found in some species (e.g., human. 
guinea pig, and chinchilla), but not others (e.g., cat). 

The neurons that provide efferent innervation to 
the hair «lis are located in the brainstem (see Chap­
ter 14). These neurons are found in both the ipsilat­
eral and contralateral superior olivary complexes. The 
efferent fibers exit the brainstem with the ve,tibular 
division of the vestibulocochlear (8th) nerve, then 
cross (via Oort's anastomosis) to the cochlear division 
within the lAM. In all mammals, the number of 
efferent fibers innervating the cochlea is considerably 
smaller than the number of afferent fibers, although 
the exact number has been reported for only one 
species, In the cat, about 500 efferent fibers (crossed 
[i.e., contralateral] and uncrossed fi.e., ipsilateral]) en­
ter each lAM. The efferent fibers then enter the 
intraganglionic 'piral bundle that runs at the periph­
ery of Rosenthal's canal. From their point of entry, 
these fibers run both apically and basally. Many of the 
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fibt:'rs 111 the lmr.\~al\shol\\( ... pnZlt bundle ,I Tt.' 1l011-

mydin:l.tt'd. At \,.lri~HI' pml1{ .... lIl(li\'ldll,ll or \111.111 
groups nf flhL'r. tur ll 1.IIl'r.llly III l'llllT the o, .. ('ou" 
spira\ hnu\\~.lht:'-"c t\\1I,.'T\ p.\':'. ... throul!,h t\ll..' h.\Ot:HU­
be pt:rfor,lt.l \n:-;ethCT with th\..' .1ffal'm f\\1l"T\ .Hl~\ 

t'Jl{t,:'r the llrg,lll of (:\)1"0. Ukrl..'fH tihl"" (n the 1I -f( \ 
turn .lIld t'ntl .. 'r the 111111..'1' 'p lf.ll or runnel 5o}'lf,11 bUIl ­

dk. tr,l\'t'hn~ f(lr .1 \",lriahlt" Ji,t.lllCt.' bellm' ~yll.ll''''lllg 

on thl' r;\d l,1I ,ltTc.Tl'nt fibt.'r.; tl1:1t, in ttli'll, Jre "yn,lp\,­
ing Oil thl..' IHe h.l ... t'\'. Ftl~Tl'nt fiher, tn the OHC ... 
art' lllydin,Hed bdlm' tTlh"'lI lg the> luht.'llul.iI..' Pl'rt"() ­

rJta, OncL' ill the l.lJ"g:w of Coni, r1 W'it' tihcrs l11.1y 
spirJl in thl..' 1I11ll..'r ~plr~1 hlllldk !()r ,1 .;11Oft d l ... [,lIlCl', 

p:1I\." {() the tlllllll'i "'plr,l} hundk ,md then t:ro~, thl.' 
tunnel J'" LIpper tlI111H.'1 CfO'\'illlg tiht'['> m 1ll0\t 'Pt'(H:'i, 
Later,ll tl) thl' tllllnl'i. chI..' tiher\ il1lllll..'diJtl'iy dl\'u.k 
illto llluillplt' hr.lIlchL'\ th.lt rlm hoth .1pIC,llly .lIld 
bJ\.tlly in thl..' nutl'r "l' lrJI hl1ndk~, t )'1 rllt' b.l ... t>' ()( 111\' 
OHC .... the l'irt.'fl'llt t",hl..'f" ttlJ'lll largl' t'lhlmg" t1Ul 
COilt:.llll l1lany 'iyn.lpuc Yc"ides ;lnd 1,Irgt' lllit()dlnll­
dria, A thttt.'Ill'll t'J<;tl.'nl.l of ~111()(llh t'lIdopl.l 'llliL' 
ft'"tlCllhull (i,~ .. "'llb..;~ II.Il'U( t-j\[tTIl.I) " .Idl.ll"t.'llt to 

each dTcrl..'Jl( nerVI..' l'ndillg on 01-1(\. 

SPIRAL LIGAMENT AND STRIA 

VASCULARIS 

The spiral ligatncJ1 t (~pL) 1\ PO<;)tIUIH:J i. ltn,a! 10 

thl' (ochle,lf duct. bt't\\'l'l'U til l' cochlc'ar hOIlt' ,Jlld 
the l:Jtt'r,i1 <"id~ of tilt.' \tn,l V.I~LlI1.ln\ ('\t.'c Figure: 
8--1). It com.llm, tibroc~,tc ... , extr,KclltlLlf lIl;\tnx 111;\­
[Crill. JJld bh)od ves:-.c'+ .. (Flgure X_C)). Perilymph til" 
ito; llHl..'n..:t'l lular "'p,II..·I..''i, The \pu,ll hgJml'!lt thm pro­
vide" ,) o;t'COlld nHitl..' of t'OIllIlHl I1l C,ltit)1l bt'(wl..'I..'lI 
~C31.H" rymp::llli ,lIId \'l·~llhuh. in .1ddiuon tt) the: 
helicmrl'I1lJ. RI..' i~ml..T'.; mc..'llIhraJ1 1' }" .Ht.l(hed to 

the spir.II h~;lIllt'J1t Ile.lr It'- \Upt.'flor end Wllt'fl.' thl' 
~llp('rio r end (If tht' ... tn.1 \'.t ... cubn, i, loc.ltl'd . TI1I..' 
basilar IlH.'mbrJIll' i ll \crh illto till' ~piral hg:mlt'l!t 

near its iJlf~'nor t.'nd. 
The o;tn,l \'.lsculari~ (1.t' .• V.I:-.(ul.lr '> tnpe) COJ1sj'it~ 

of thrt::l' cdl laYl·r." (i,t.' .. lJIarg1ll,Ii IN\]. i1ltl'nIH;~dlatl' 
[I). aJld b3S3J IBll .lIkl;1O illtraepItlil'kd Ile{wurk or 
cJpilbric> (C) (>« Figur< K-'I). Th" Illarglll.ll (M) 
cells art' knowJl as chrolllophiis b~l3U<;(, they ~t.lin 
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FIGURE 8-9 Radial section of stria vascular!> and spiral 
ligament (SpL). B, basal ce ll o f the stria vascularls; C. capil ­

lary; ES, endolymphatic space; I, intermediate cell of the 

stria vascularis; M . margmal cell of the stria vascu laris. 

darkly.Tht'Y .Ihllt thl' t'lldnlY!l1 ph.ltl ( "'p ,ll'l' (ES) Jud 
art' .l0lTll'd hy tIght .111Il ( tlOn, ,n tlIt"lf 11IIlltll,ti 11I.1r­

gill\,. TIlt'tr h.l ,ol.ltcr,d \urf,KI..'" ,Ire dl.'l..' ply IIlf(lldl'd 
,lIld ti)l,.· t(lld, cOIlt.Jill 1H1I1l1'1'OU ... lllHtlt"ilOlldn.l. TIlt' 
Ill,Ug1l1.11 (el1~ ,Ire thmlt!ht 10 'ijt.'l.Tl'lt' POI,l~\llllll [kit 
IS fOlllld III ,I hi~h COIH'I'Ilt)".l tiOIJ !11 l"lldolymph . 

i JJtl'l'llll'dl<Hl' (1) (clJ.., ,1 1'1..' knowll ,I~ chrolllo­

ph()ht'~ lwc.l lJ\I..' tht'y '[;11 11 It~htly, rJlI..'<"t' (1..'11, Jrt' 

Illl'1JlH>L· ytl'~ hlT.lll'l' 111 "II pigl11l'lltl..' d 11 1,11 II 1ll.J!, 

thL'Y ~-\)l1t, 111l .1 \",H'\.lblc !lumber of I11dallll1 ~r<llllllc,. 
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TABLE 3-1 Cochlear Parametel"!i in Selected Species 

Cochlear Parameter Human 

Organ of Corti (OC) length Mean (male): 37.11 mm' 

Mean (female): 31.9 mmil 
Range: 28-40 mm( 

Frequency range of hearing 2~20rOOO HzeI 

Total inner hair cells 

Inner hair cell density 

Total outer hair cells 

Outer hair cell density 

Total spiral ganglion cells 

as-ato . SM1do, & Takahashi, 1991. 

Mean: 3,480' 
Range: 3,035-4,390' 

Mean : 109/mm DC' 
Range: 93-12Sf 

Mean: 13.345' 
Range: 11,220-16,040' 

Mean: 415/mm DC' 
Range: 387-459f 

Mean: 30,500"-33,600" 
(cell bodies in Rosenthal's 
canal) 

"Bohne and Hilrding, 2004. unpublished data . 
<wngnt, Dayis, 8redberg. Ule!1lova, & Spence r, 1987. 
dOaUOS, 1986. 
"Fay, 1988. 
f8redberg.l%S. 
eRasmu5um, 1940. 
hHinoj OSC'l. SeJigJohl'l, & Lerner. 1985. 
'Boord II Rutnunen, 1958 
IEt-"n, 1979. 

These cell, are thought to generate the positive 
potential (i .e" + 80 to + 1 00 111 V) in the endolym­
phatic space. 

The basal (B) cells an: Hat and overlapping and 
(ann a cominuous layer that separates the interior of 
the stria vascularis from the spiral ligament. The,e cell, 
are joined to one another by tight junctions. T hey 
form a sleeve around each capillary entering and leav­
ing the stria vascularis. Because of the tight junctions 
between adjacent marginal cells and between ovcrlap­
plog basal cells, the interior of the stria vascularis is 
separated from perilymph in dIe spiral ligament and 
endolymph in me endolymphatic space. 

BLOOD SUPPLY OF THE INNER EAR 

The arterial blood supply to the inner ear comes 
from the labyrinthine areery that enters the tempo-
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Chinchilla 

Mean (male and female) : 
18.4 mm b 

Range: 16--21.6 mmb 

90-22,800 Hz' 

Me.n: 1,800' 
R.nge: 1,600-2,030' 

Mean: 100/mm OC' 
Range: % - 103b 

Mean: 7.150b 

Range: 6,300-8,280' 

Mean: 40S/mm OCb 

Range: 391-416' 

Mean: 23,550' 
(myelinated fibers in 
each lear nerve) 

Mouse 

Mean (ma'e and female) : 
6.06 mmb 

Range: 5.66-6.43 mmb 

1,000-100,000 Hz' 

Mean: 70Sb 

Range: 684-74611 

1161mm OCb 

Range: 109-123' 

Mean: 2.398b 

Range: 2,331-2,483' 

Mean: 395/mm Deb 
Range: 371-419b 

Mean : 12,60Oi 
(myelinated fibers in 
cochlear nerve) 

raj bone through the lAM along with the 
seventh and eighth cranial nerves. This artery is a 
branch of the anterior inferior cerebellar artery 
that, in turn, is a branch of the basi lar artery. Within 
the nlodiolus. the artery divides into arterioles that 
supply capillary beds in R osenthal's canal, the ' pi­
ral ligament. stria vascularis. limbus, and osseous 
spiral lamina. To supply capillaries in the stria vas­
cubris and spiral Ligament. the arterioles radiate 
over scala vestibuli before entering the superior 
portion of the spiral ligament. 

The only capillaries near the organ of Cord are 
the vessel of the tympanic lip of the osseous spiral 
lamina and the vC<.,el of the basilar membrane (see 
Figure 8-5) . These latter vessels form discontinuous 
arcades inferior to the basilar membrane. The capil­
lary beds in the spiral ligament and stria vascularis 
join collecting venules that run radially within the 
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bone around ~ca1a tympani. These venules ulti­
mately join the labyrinthine vein in the modiolus 
that. in turn, exics the temporal bone via the lAM. 
The labyrinthine vein drains into the transverse or 
inferior petrosal sinus. 

VARIATIONS IN COCHLEAR PARAMETERS 

Both within and across species, considerable vari­
ability exists in cochlear parameters such as the 
length of the organ of Corti/ basilar membrane 
complex, the total number of sensory and spiral 
ganglion cells, and the density of hair cells per rrril­
limeter of the organ of Coni. Some of these varia­
tions have functional consequences for hearing. 
such as the range of audible frequencies and the dif­
fermce limen for frequency. Table 8-1 shows some 
of these parameters for the human , chinchilla, and 
mouse. The latter twO animals are often used to 
study normal and abnormal hearing. 
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CLINICAL RELEVANCE 

At birth, the normal human organ of Corti conwns 
approximately 3,400 [HCs and 13,000 OHCs.These 
numbe" are considerably less than the 110 million 
rods and 5.5 million cones in the retina. A variety of 
external agents result in the death of cochlear hair 
ceUs. inducting excessive eA"JXlSure to noise (i.e., mili­
tary, lndustrial or recreational), systemic treatment 
with certain drull' (e.g., aminoglycoside antibiotics, 
anticancer agents), and physical trauma to the tempo­
ral bone. Hair cells are also lost with advancing age. 
Because there are relatively few sensory elements in 
the cochlea, small losses of these cells can result in a 
permanent sensorineural hearing 1011. The high­
frequency portion (i.e., base) of the cochlea is more 
vulnerable to damage from drull', noise, and aging 
than the low-frequency portion (i.e., apex). This ac­
counts for the progressive loss of high-frequency 
hearing that is found in many older humans. 

.....;SUMMARY; .... 

The inner ear consists of the cochlea, which contains 
the sensory organ re.<;ponsible for hearing, and the 
vestihule, which contains the sensory organs for bal­
ance and equilibrium . This chapter describes the mor­
phological strucrure of the cochlea, including the 
organ of Corti, the end organ for hearing, which con­
tains sensory cells (Le .. inner and outer hair cells), 
supporting cells, and spiral xani/lion (ells (i.e., primary 

auditory neurons); the basilar membran" which is set in 
motion by movement of the tympanic membrane 
and ossicular chain; and fluid spaces (i.e., scalae 
vestibu/i, media, and tympaui).The inner and outer hair 
cells are responsible for transducing the mechanical 
waves ofrhe basilar membrane into electrical impulses 
that are transmitted by the spiral ganglion cells to the 
brain for the perception of sound. 

.,..:KEY TERMS;~ 

Afferent nerve 
Basilar membrane 
Cochlea 
Cochlear duct 
Deiters' cell 
Efferent nerve 
Endolymph 
Endolymphatic space 
Facial nerve 
Habmula perforot. 

Hair cell 
Helicotrema 
Hensen's cell 
Hensen 's stripe 
Internal auditory 

meatus 
Spiral limbus 
Modiolus 
Organ of Corti 
Osseous spiral lamina 

Perilymph 
Pillar cell 
Reissner's membrane 
Reticular lamina 
Ro,enthal's canal 
Scala media 
Scala tympani 
Scala vo,tibuli 
Spaces of Nuel 

Spiral ganglion cells 
Spiral ligament 
Stereocilium 
Stria vascular is 
Tectorial membrane 
Tunnel 
Vestibulocochlear 

nerve 
Zonula occludens 



122 CHAPTER B 

~: STUDY QUESTIONS:~ 

1. Describe the gross structure of the inner ear 
and how it relates to the middle c:ar. 

2. Descr ibe the three fluid compartment'\ and 
their bound.ries and the two fluids of the 
cochlea. 

3. Describe the cochlear duct and its boundaries. 
What is special about its boundaries? 

4. Name the cells of the organ of Corti. De­
scribe their rdation to one another, as well as 
to the basilar membrane and TM. 

5. Describe the afferent innervation of [HCs and 
OHCs. How does it ditTer? 
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