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Abstract 

The sensory epithelia of the inner ear of 
the dog have been investigated usi ng scan ning 
electron microscopy (SEM). The su rf ace 
appearance of th e cristae ampull ares of the 
semicircular canals and of the macula utriculi 
are very similar t o other mammalian species. The 
crista ampullaris of th e anterior vertical 
semicircular canal is divided by a non-sensory 
septum cruciatum, found in cats and rats but not, 
for exa mple, in man. The vestibular sensory ce lE 
po ssess t wo distinct types of stereoci l ia, one is 
t hick and rigid appearing, the other is thin and 
limp. Neit her type of stereocilium is restricted 
to a particular hair cell type. 

From SEM views of the undersurface of the 
tectorial membrane of the cochlea we show 
evidence th a t some inner ha ir cell stereocilia 
may be a ttach ed to the tectorial membrane. This 
observation is made only in middle to upper 
cochlear regions (those subserving transduct ion 
of low frequencies of sound). 

KEY WORDS: Sensory orga ns, i nn er ear, dog, 
coch l ea, ves tibul ar , scanni ng electron microscopy. 
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Introduction 

The ultrastructure of the sensory surfaces 
of the inner ear as seen with the scanning 
electron microscope have been described for many 
mammals (e.g., review by Lewis et al., 1985). 
However, we are not aware of description s of 
ca nine cochlear and vestibular organs based on 
scanning electron microscopy. 

The dog has been used as an experimental 
model in various studies relating to hereditary 
deafness and vestibular function , however, 
morphological descriptio ns of the inner ear 
sensory organ s have been confined to light 
microscopic observations of either sectioned 
material or sur face preparations (Branis and 
Burda,1985; Igarashi et al., 1972; Anderson et 
al., 1968) . 

Whil st the general features of mamma li an 
inner ears are similar, there is often some 
detailed anatomical variation between species. 
The purpose of this present study was to expand 
on the morphological knowledge of canine inner 
ear and to provide a broader species basis of 
anatomical information relating to the 
vestibular and coch l ear systems. 

Materia l s and Methods 

The five dogs used in thi s study are a 
Samoyed cross breed. They were cage and indoor 
run raised and ranged in age from seven to 
twelve months at th e time of death. 

At eu th anasia the animals were decapitated 
and the crania l b l ock containing the temporal 
bone removed. The otic capsule was opened, the 
facial nerve canal reduced and the stapes 
removed. Fixative was perfused v i a the round 
and oval win<lows. Fixation was made using 
eit her a mixture of 4% paraformaldehyde/1 % 
glutaraldehyde or 2% glut araldehyde, in ei ther 
case wit h a phosphate buffer a t pH 7.4. 
Following primary fixa tion specimens were washed 
in buffer then postfixed in buffered 1% osmium 
tetroxide. The membranous labyri nth was 
dissected free in 70% ethanol . Following 
dissection specimens were eit her dehydrated, 
critica l point dried then sputter coa t ed with 
gold or pr epared by the OTOTO techniqu e (Hunter
Duvar and Mount, 1978) and then cri ti cal point 
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dried and examined in a JEOL JSM35 at 12-20keV 
depending on the preparative method used. 

Results and Discussion 

Vestibular Sense Organs 
We have examined the crista ampullaris of 

each semicircular canal and the sensory 
epithelium of the otolith organs, in particular 
the macula utriculi. Figure 1 shows the crista 
ampullaris for the anterior-vertical and lateral
horizontal semicircular canals in relation to 
the utricle, the floor of which accommodates the 
macula utriculi. Also opening into the utricle, 
but not shown in Figure 1, is the ampulla of the 
posterior vertical semicircular canal. The 
crista ampullaris of this canal is shown in 
Figure 2. In both figures the gelatinous cupula 
which normally overlies the crista has been 
removed to reveal the upper surface of the 
sensory epithelium. The concentration of 
sensory cells on the periphery of the crista 
ampullaris is greater than in the central regions 
as can be observed in Figure 2. The anterior 
crista is divided in the midline by a protruding 
ridge of non-sensory epithelium called the 
septum cruciatum (Figure 3). This is found in 
some other mammalian species (e.g. cat and rat) 
but not man. 

Figure 4 is a higher magnification view of 
the junction of the sensory epithelium and an 
area of flat irregularly shaped interlocking 
cells of the so called planum semilunatum which 
extends up the lateral wall of the ampulla (over 
a half moon shaped area). Each hair cell ha s one 
long, thin kinocilium and a number of stereocilia 
of varying height which bundle together to form 
a rigid appearing body. This rigidity ser v es to 
couple the movements of the overlying cupula to 
the apical surface of the hair cell. 

Also evident in Figures 3 and 4 are 
spherical structures which may be a product of 
the secretory nature of the supporting cells 
(Wersall,1956; Kessel and Kardon,1979; Hunter
Duvar, 1983) and may function in cupular 
maintenance. However, their appearance may be 
artifactual relating to the time delay in 
fixation after death which ranged from 20-45 
minutes for these specimens. The supporting 
cells and sensory hair cells are positioned on 
a fibrous basement structure which accommodates 
a capillary network and also afferent and 
efferent nerve axons. This supporting structure 
is shown in Figure 5 which images a fracture 
through the crista ampullaris in a region near to 
the sensory epithelium proper called the 
transitional epithelium. Here the epithelial 
cells are similar to supporting cells but smaller 
and more cylindrical. 

In the dog there are two morphologically 
distinct populations of vestibular stereocilia. 
Figure 6 illustrates the stereocilia of two hair 
cells of the crista. The cell on the right has 
stereocilia of a greater diameter and a seemingly 
greater rigidity than the cell on the left which 
has thinner, limp appearing stereocilia. These 
two types of stereocilium are associated with 
both Type I and Type II sensory cells as 
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Figure 1: Relative positions of the crista 
ampullaris of the anterior vertical (AV) and 
lateral horizontal (LI-I) semicircular canals and 
the utricle containing the macula utriculi (MU). 
The relatively dark region surrounding the macula 
is the dark cell region (DC). Bar= 500µm. 

Figure 2: Crista ampullaris (CA) of the posterior 
vertical semicircular canal (SCC). A - ampulla 
wall; NF - nerve fibres to sensory epithelium. 
Bar = lOOµm. 

Figure 3: Crista ampullaris of the anterior 
vertical semicircular canal. The sensory 
epithelium (SE) is divided by the non-sensory 
area of the septum cruciatum (SC). TC -
transitional cells; DC - dark cells. Bar= 
lOOµm. 

Figure 4: Junctions between sensory epithelium 
(SE) and the irregularly shaped interlocking 
c ells of the planum semilunatum (PS) which 
extends up the lateral wall of the ampulla. 
Bar = 50µm. 

Figure 5: Fracture through the crista in the 
transitional epithelial area (TE). Supporting 
cells (SC) are aligned over a fibrous basement 
structure containing plexus of capillaries (C) 
and also afferent and efferent nerve fibres (NF). 
SE - sensory epithelium. Bar = 25µm. 

descriued by Wersall (1956). Figure 7 
demonstrates a Type I and Type II cell both of 
which have thick, rigid stereocilia. In Figure 
8 several Type I cells and a Type II cell have 
the thin, limp stereocilia. 

The macula utriculi is one of the otolith 
organs responsible for detecting the absolute 
position of the head with respect to 
gravitational effects. Necessary for this 
function are otoconia and gelatinous masses 
which normally overlay the sensory hair cells. 
In Figure 9 the otoconial membrane and the 
intermediate mesh of the macula have been 
removed to reveal the surface of the sensory 
epithelium. This macula is generally concave. 
The posterior border has a large 'V' shaped 
indentation; the other edges are relatively 
straight, with small 'V' shaped indentations at 
the anterior corners. 

Figure 10 illustrates the "organ pipe" 
bundle of stereocilia and kinocilium. These 
bundles have an organized orientation such that 
the single kinocilium is facing towards the 
central area of the macula, the so called 
striola. The striola and the orientation of the 
hair cell bundles are represented diagram
matically in Figure 11. 

Figure 12 is a higher magnification 
indicating the specific orientation of sensory 
cells at the striola. The macula sensory cells 
are populated by the two types of stereocilium 
as are the crista sensory cells described above. 

The bundles of stereocilia and the 
kinocilium are attached into an intermediate 
mesh which underlies the gelatinous layer with 
its embedded calcium carbonate otoconia. Figure 
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13 shows the structure of this otoconial mass. 
On the top surface are free otoconia; they 
appear to be singular compared with others more 
de eply embedded in the ge latinous layer which 
are smaller and grouped in clusters. In general, 
the shapes of the otoconia are simi l ar to that 
found in all other mammalian otolith organs, 
cylindrical but with faceted sides, particularly 
at their apical ends (e.g. Lindemann, 1969). 

Returning to Figure 1, a region surrounding 
th e sensory epithelium appears slightly darker 
than other epithelial surfaces. This is the so 
called dark cell region. It is common to find 
fragmented otoconia in this area, and here it is 
supposed that excess or damaged otoconia are 
absorbed (Lim, 1973). 

1169 
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rigure 6: Sensory cells of the crista ampullaris. 
Two distinct populations of stereocilia are 
present, a thicker, rigid appearing type (solid 
arrow) and a thinner, limp appearing type (ope n 
arrow). Bar= lOµm. 

Figure 7: A Type I (I) and Type II (II) sensory 
cell of the crista. Both cell types have thick, 
rigid stereoci l ia. Bar= lOµm. 

Figure 8: Fracture through the central region of 
crista ampullaris showing several Type I (I) 
hair cells and a Type II (II) hair cell. Both 
cell types have thin, limp stereocilia. The 
cilia_are in_a disordered state resulting from 
fixation artifact. SC - supporting cell. Bar= 
1 Oµm. 

The Cochlea 
The sensory cells of the organ of Corti form 

one row of inner and three rows of outer hair 
cel l s as in most other mammalian species (Figure 
14). In the apical turns of the cochlea there 
are occasional supernumary outer hair cells but 
not organized enough to be termed a fourth row. 
Throughout the length of the cochlea, the tallest 
of the outer hair cell stereoci lia are normally 
embedded into the underside of the tectorial 
membrane (in Figure 14 this has retracted during 
preparation to reveal the sensory epithelium ) . 
Figure 15 shows a view of the underside of the 
tectorial membrane and the imprints of the outer 
hair cell stereocilia. In the basal and l ower 
middle turns of the cochlea, trabeculae normally 
form an attachment between the tectorial 
membrane and th e inner hair cell area, these 
can be observed in Figure 15 . 

Apically from the upper middle turn, the 
tall outermost stereocilia of the inner hair 
cells are embedded in the tectoria l membran e as 
illustrated in Figure 16. It cannot be stated 
with certainty if this is normal or if it is an 
artifac t of preparation (Hoshino and Kodama 1977· 
Lim,1977). , ' 

Figures 17 and 18 are stereoscopic views of 
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inner and outer hair cells from the basal turn 
of the cochlea. In Figure 17 some filamentous 
material can be seen linkin g the tips of 
stereocilia. This is presumably deriv ed from the 
tectorial membrane. Figure 18 emphasizes the 
relief of the reticular membrane and apical 
surfaces of the outer hair cells. Note also the 
difference in orientation of s tereocilia in the 
third row (lower row in figure) of outer hair 
cells. A filamentous material similar to that 
in Figure 17 can be seen linking the stereocilia. 

Summary 

In most instances, the morphological ultra
s tructure of the sensory portion of the canine 
inner ear is similar to features which may be 
found in other mammals. The presence of two 
distinct populations of vestibular stereocilia 
warrant further investigation to determine their 
functional significance. 
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Figure 9: Macula utriculi as seen after removal 
of otoconial mass. S - striola. Bar= lOOµm. 

Figure 10: "Organ-pipe" arrangement of 
stereocilia (SC) and kinocilium (KC) of macula 
utricle sensory cell. Arrow indicates direction 
of striola (S) . Portions of the intermediate 
mesh (IM) are attached to the cilia. Bar= 5pm. 

Figure 11: Schematic diagram of the macula 
utriculi indicating the position of the striola 
(S) and the directional orientation of the 
tallest stereocilia and kinocilium (arrows). 
Bar = lOOµm. 

Figure 12: Macula sensory cells in the area of 
the striola (dotted lin e). Two types of 
stereoci l ia are present, thick, rigid (so lid 
arrows) and thin, l imp (open arrows). Bar= 10pm. 

Figure 13: The otolithic membrane consists of 
otoconia (0) of varying size and the otoconial 
mass of the gelatinous l ayer (CL) which sits 
above the intermediate mesh (IM) . Bar= 5pm. 
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R.J. Mount and R.V. Harrison 

Acknowledgements 

The assista nc e of Ors . B. Jansen and V. 
Va lli of th e Univ ers ity of Guelph and Ors. R. 
Baumal and P. Thorn er of th e Hospital for Sick 
Childr en, Toronto in obtaining thes e specimens 
is appre cia t ed, as are th e secre t arial services 
of Brenda Rutl edge. R.V. Harr i son is supported 
by MRC Canada. 

Referenc es 

Anderson H, Henricson B, Lundquist RG, 
Wede nberg E, Wer sa ll J. (1968) Genetic hearing 
impairment in th e Dalmatian Dog. Acta Oto
l aryngol. (Suppl) 232, 1-3 2. 

Branis M, Buraa:-H (198 5) Inn er ear 
structure in th e deaf and normally heari ng 
Dalmatian Dog. J. Comp. Path . 95, 295-299 . 

Hoshino T, Kodama A ( 1977) The cont act 
between th e coc hl ear sensory ce ll hair s and the 
t ectoria l membrane. Scanning El ect ron Microsc. 
1977 ; II: 409-414. 

Hunter - Duvar IM, Mount RJ (1978) The organ 
of Corti following ototoxi c an tibioti c treatment. 
Sca nnin g El ec tron Microsc. 1978; II: 423-430 . 

Hunter-Du var IM (1983) An electron micro
scop ic s tud y of th e vestibular sensory 
epit he lium . Acta Otolaryn gol . 95, 494-50 7 . 

Igarashi M, Alford BR, Saito R, Cohn AM, 
Watanabe T (1972) Inner ear abnormalities in 
dogs. Ann. Otol. Rhinol. Laryngo l. 81, 249-255. 

Kessel RG, Kardon RH (1979) The shap e , 
pol ariza tion and inner vation of se nsory hair 
ce ll s in th e guinea pig crista ampull ar i s and 
macu l a utri cul i . Scanning Electron Microsc. 1979; 
III: 967-974. 

Lewis ER, Leverenz EL, Bialek WS (1985) The 
verteb r at e inner ear. CRC Press In c. , Florida, 
p 3-94 . 

Lim DJ (1973) Formation and fate of otoconia . 
Ann. Otol . Rhinol. Laryngol. g, 23- 33. 

Lim DJ (1977) Fine morpholog y of the 
tectorial membrane . In : Inn er Ear Biolo gy. 
Colloqu e: Institute Nation a l de la Sante et de la 
Recherche Medicale, Paris, France,~, 47-60. 

Figure 14: Surface view of the sensory epit he lium 
of the or gan of Corti after retraction of the 
tectoria l membrane (TM). The ap ical surfaces of 
inner hair cells (IHC) and three rows of outer 
hair ce ll s (OHC 1, 2 ,3) are supported in part by 
pillar cells (PC) . There are only stereocilia 
in the cochlea. Bar= 10pm. 

Figure 15: The und erside of the tectorial 
membrane from th e upper basa l turn of th e dog 
cochlea . 1,2, 3 - imprint s of outer hair ce ll 
s t ereo c ilia; T - trabecula e. Bar= lOµm. 

Figure 16: Underside of the tectorial membrane 
from the upp er middle turn. The talle s t 
stereocilia of the inner hair cel l s hav e been 
attached to th e tectorial membrane. R - remnants 
of implanted stereocilia; I - imprints; T -
tr abec ula. Bar = 17µm. 

1172 



Canine Inner Ear Structure 

Figure 17: Stereo
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hair cell stereocilia 
showing fibrils (small 
arrow) and the 
gelatinous material 
(large arrow) 
connecting the 
stereocilia and the 
tectorial membrane. 
Bar = 5µm. 

Figure 18: Stereo 
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showin g remnants of 
attachments to each 
ot her and the 
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Discussion with Reviewers 

D.A. Cotanche: How did you keep the tectorial 
membrane from retracting so that you could get 
the view of its underside shown in Figure 15? 
Authors: The tectorial membrane was dissected 
from th e coc hl ea after critical point drying and 
mounted with its underside facing upwards. 

M. Mulroy: How much time passed between the 
death of the animals and the perfusion of 
fixative through the scalae? Is there any 
correlation between the duration of that time and 
the number of floppy stereocilia and on the blebs 
on the apical surface of the hair cells? 

What is the nature of the artifact which 
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caused the floppy stereocilia seen in Figures 5 
and 8? 
D.A. Cotanche: The blebbing on the hair ce ll s is 
most probab ly caused by the delay before fixation. 
We have been able to e limin ate these blebs by 
immersing the cochlea in an oxygenated buffer 
so luti on during dissections l eading up to 
fixation. Also, the limp stereocilia are 
probably caused by fixation in glutaraldehyde. 
The stereocilia remain much more rigid when 
osmium is used as the original fixative, al though 
I don't know if this is possible in the dog 
coc hle a. 
Author s: Both the floppy stereocilia and the 
apical swellings of cells are almos t certainly 
due to the fixation procedure. The material 
us ed in this study was obtained at autopsy from 
dogs which had been sacrificed as part of 
another project. Consequently, tim e to fixation 
was longer than ideal and perfusion of the inner 
ea r with osmium was impractical. 

D.A. Cotanche: In Figure 11 you indicate a wedge
lik e broadening of the striola a t the posterior 
ends of the macula. What i s th e orientation of 
the cells within this area? 
Authors: At its posterior ends the striola 
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becomes an area of varying orientation of 
sensory cells such that a straight line cannot 
be defined. The orientation of the stereocilia 
on individual hair cells is also disorganized in 
thi s region. Figure 19 illustrates a hair cel l 
in which the t a ll stereocilia are off-centred 
and the stereocilia are not arranged orderly by 
height (compare to Figure 10). 

Figure 19: Sensory ce ll from the posterior end of 
the macula utriculi striola. Stereoci l ia are 
off-centred and disorganized. Compare to Figure 
10. Bar = 2pm. 

M. Mulroy: What criteria did you use to de ci de 
that the stereocilia tufts shown in Figure 4 are 
rigid? 
Authors: The description is an assumption, 
based on th e appeara nc e of the tufts following 
preparation for SEM observation. 

M. Mulroy: Did you see any fi l aments between the 
tips of adjacent stereocilia in a tuft similar to 
the "tip link s" described in other mammalian 
cochlear hair cells? 
Authors: No, we found no indication of tip links 
or of any ba sa l horizontal linkag e of s t ereocilia 
i n ei ther th e vestibular or cochlear hair ce ll s . 
The only stereocilia conn ections noted were the 
filamentous mesh-work shown in Figures 17 and 18. 

D.A. Cotanche: You mention that the dark ce lls may 
be i nvolved in the resorption of otoconia. Are 
these the same dark cells that are thought to 
play a role in ion transport and generation of 
the endocochlear PD in other coc hlear epithelia? 
Authors: Yes, the vestibular dark cells are 
thought to be involved in production of th e 
endolymphatic potential and ion transport 
mechanisms as are the dark marginal cells of the 
cochlear stria vasc ularis. 
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