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PREFACE

The squirrel monkey (saimiri sciuria) is probably one of the most useful experimental
primates in recent days. They are small, not very difficult to handle, inexpensive pri-
mates, and good for all kinds of vestibular and cochlear functional experiments, behav-
ioral conditioning, and so on.

Since all inner ear sensory end organs are only purely mechanically stimulated in
the vital bodies under natural circumstances, it is worthwhile to know the anatomical
construction before performing any functional experimentation. For this purpose, the
horizontal serial sections are excellent for acquiring good three-dimensional figures of
the inner ear structures. All illustrations in this monograph will be limited within the
usual anatomical (light-microscopical) structures, not extending to ultrastructures. ,
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Part | of this monograph includes a series of microphotographs of the horizontal
serial sections under low magnification (about 20 x). This series is the right ear view-
ing from the superior. A branched arrow, which appears at the corner of each picture,
indicates the plane parallel to the sagittal (occipito=frontal) line. The arrow is point=-
ing toward the front, and the extension is toward the lateral. The interval between
each picture is 200 microns. Some very important structure may not be labeled in every
picture to avoid congestion.

Part 11 includes higher magnification views of some important structures from this \/
series and from the other animals, and some humans.

Part 11l includes several bilateral temporal bone microphotographs (horizontal

sections) of squirrel monkeys and cats. The modiolar angle and the posterior semicircular
canal plane are clearly demonstrated in this series. Q



PREPARATION OF MONKEY TEMPORAL BONE

A normal, healthy, young squirrel monkey was deeply anesthetized, and perfused
intravitally (cardiac) with 300 ml. of normal saline solution, followed by 300 ml. of
10% formalin solution. After the perfusion, the temporal bone was dissected out and
immersed into 10% formalin solution (4°C) for further fixation. After the fixation was
completed, the bone was decalcified with 5% trichloroacetic acid solution (21 days),
chemically tested, neutralized with 5% sodium sulfate solution, dehydrated with
graduated percentages of ethyl alcohol (7 days), embedded in celloidin (7 weeks), and
hardened (4 weeks). The shaking apparatus was employed during decalcification and
celloidin-embedding. The tissue was serially sectioned at 20 microns in the horizontal
plane. One out of each ten sections was stained in hematoxylin-eosin, and mounted
on glass slides with xylene-balsam.
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Figure 1-2
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Figure -3
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Figure |l1-1

This is a high power view of the horizontal semicircular canal crista
from anothersquirrel monkey, perfused intravitally (cardiac-normal saline

and 10% formalin), showing a good pattern of cupula (CP).
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Figure 11-2

This shows a medium high power view of the macula utriculi (from [-8).
Neurons are innervating the macula rather evenly. Otoliths are well preserved.




Figure I1-3

This is a high power view of the Organ of Corti. The T-line indicates
the tangential sectioning of the Organ of Corti, which should cut through the
top of the Corti tunnel. The detailed terminology of the cochlear spiral is
described elsewhere.
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Figure |1-4
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Legend 1i-4

Picture A and picture B illustrate two different cutting planes indicated
as line A and line B in the previous picture.

Picture A - R : Reissner's membrane
B : B8ttcher's cell

O + Quter hair cells

Picture B - The two arrows indicate the top of Corti tunnel where the
tangential section should cut through.
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Figure 11-5




Legend II-5

F : Footplate of stapes
S : Saccule

MU : Macula utriculi

This is a medium high power view of the oval window area (from | -10)
showing the relationship between the stapes footplate and the vestibular
labyrinth. Through the oval window, macula sacculi can be reached from
the front, via saccular membrane. But macula utriculi can be reached
from the reverse side only. Notice the otolithic membrane on the
macula.
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Figure [I-6

This shows a medium high power view of the macula sacculi (from [ -12).
Sensory hairs and otolithic membrane are well preserved with the intravital
perfusion fixation. No definite reinforced area of saccular membrane is seen
in this squirrel monkey.



SC : Sensory hair cells

OT : Otoliths

This picture shows a high power view of macula sacculi from another
squirrel monkey, fixed by intravital perfusion. Notice the beautiful
preservation of sensory hairs and otoliths.




Figure 11-8
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Legend 11-8

These are saccular maculae from two adult human temporal bones. "A™"
was removed from the cadaver four hours post mortem, and fixed (immersion) with
Heidenhain-Susa fixative. The stapes was removed to aid the fixative penetration
into the inner ear partition. Macular preservation is fairly good, with a minimal
post-mortem autolysis, and the hair cell population is normal. However, no
otoconia is observed. Five per cent trichloroacetic acid was used for decalcifi-
cation.

Twenty per cent formalin was injected intratympanically to "B" three hours
after the death of the patient. The temporal bone was secured one hour later
(four hours post mortem), and fixed (immersion) with Heidenhain-Susa fixative.
The stapes was not removed in this case. Post-mortem change is more advanced
than in case "A",

These two cases had no otological disorder in their clinical histories. The
end organ preservation in human cases is very difficult and never predictable.
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Figure [1-9
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Legend [1-9

M : Neck of Malleus
1T : Tensor tympani tendon
PC : Processus cochleaformis
This is a medium high power view of tensor tympani tendon (from 1-12).
Notice adipose tissues beside the tensor tympani muscle, possibly aiding

muscular activity. The angle between the tendon and the muscle is almost
ninety degrees (right angle).
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Figure [I-10
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Legend 1I-10

MS : Macula sacculi
U : Utricle
UD : Utricular duct (almost endolymphatic duct)
V : Utriculo-endolymphatic valve (or fold)
This medium high power view shows the endolymphatic duct ared (from | -
14). From the morphological feature, it is quite possible that the utriculo-

endolymphatic valve is regulating the endolymphatic flow from the utricle side
to the utricular duct side.
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Legend I1-11

The best preserved normal human Organ of Corti (adult) in the author's
series, under low and high magnification.

The temporal bone was secured three hours post mortem and fixed
(immersion) with Heidenhain-Susa fixative. The top of the superior
semicircular canal was opened to aid the fixative penetration into
the inner ear. The initiation of post=mortem change is seen in the area
of the inner hair cells and inner supporting cells, though it is minimal.

=17



Figure 11-12

A normal human Organ of Corti with a slight post-mortem autolysis.

The temporal bone was removed from the cadaver four hours post mortem,
and was fixed (immersion) with Heidenhain-Susa fixative. The stapes was
removed in this case. Post-mortem change is more advanced than in the
preceding picture.
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Figure 11-13

This picture shows the hypotonic post-mortem change of the human Organ
of Corti (normal adult). The temporal bone was secured four hours post mortem
and fixed (immersion) with Heidenhain-Susa fixative. But neither stapes
removal nor superior canal opening was performed in this case.

The change is extensive, and it is impossible to define hair cell nuclei.
This sort of preservation is not adequate for pathological study.
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Figure 11-14

This is a view of the cochlea from a cat which was not perfused.
Heidenhain-Susa fixative was injected intratympanically several times within
the first two hours after death. Thereafter, the temporal bone was secured,
the stapes was removed, and the bone was fixed (immersion) with Heidenhain-
Susa solution. No post-mortem change is observed.
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Figure 1I-15
@) : Organ of Corti in lower basal turn
RM  : Round window membrane

CA : Cochlear aqueduct

This is a medium high power view of the round window area (from [-21).
Notice the connective tissues filling up the orifice of the cochlear acqueduct.
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Pictures I11-1,2,3 are the squirrel-monkey specimens; 1il-4,5 are the
cat. The modiolar lines indicated by large arrows and small arrows are showing
the plane of the posterior semicircular canals. All temporal bones are cut in
a horizontal plane, and the topsof the pictures are pointing anteriorly. The
average for the open angle between modiolar lines and sagittal (occipito-
frontal) midlines was 40 degrees (range 37° - 449) in the squirrel monkey, and
10 degrees in the cat. The average for the angle between the posterior semi-
circular canals and the sagittal mid-lines was 37 degrees in the squirrel monkey
and 38.5 degrees in the cat.

Notice the tremendous pneumatization in squirrel monkey temporal bones.
This is not seen in the cat as they have bullae.

I11-6 is a low power view of a horizontal section of a human temporal
bone, fairly close to the midmodiolar section. The posterior semicircular canal

is going to join the utricular space (about 35° - 40° to the sagittal line).

The angle between the modiolar line and the sagittal line is about 40
degrees.

A close resemblance can be observed in the structural arrangement of
human and monkey.
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Figure I111-1
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Figure Il1-5
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Figure 111-6
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