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Postnatal development of the internal auditory canal (lAC) was investigated in 20 normal human temporal bones obtained from
individuals 1 month to 72 years old. Computer-aided three-dimensional reconstIUction and measurement of bones showed that the
superior, inferior, anterior, and posteriorwaIls ofthe lAC lengthen significantly from birth until about 10 years ofage, withdevelopment
mainly attributable to lengthening of the part of the lAC medial to the foramen singulare. The lengths of the part of thelAC lateral to
the foramen singulare and ofthe transverse crest and Bill's bar did not appear to develop postnatally. The lAC diameter increasedslightly
at the porus for about the first year afterbirth, but not at the fundus or the middle portion of the canal. 'Ibis (meting was confirmed by
studying the shape of the lAC. Postnatal increases in the volume of the lAC followed patterns similar to that of increases in length of
the lAC walls. These results show that postnatally the lAC increases significantly in length until about 10 years of age and slightly in
diameter until about 1 year ofage, especially medial to the foramen singulare. This concentration ofgrowth ofthe lAC mediallyimplies
that its postnatal development is mainly due to growth of the bone around the otic capsule, which hasimplications for lAC surgery.
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The equipmentwe used for reconstruction consists
of a personal computer (NEC 98-RL, modelS) with
a frame buffer (Sapience HyperFrame +) for full
color imaging on a color monitor (16.7 million col
ors, 640 x 400 pixels), a digitizer (Hitachi HDG
1515) with resolution setatO.1 mm, and a printer. The
software used in this study was developed by Takagi
and SandalS and then revised by Fujita and Sando16

to provide a surface-model image.

mine the size, shape, and volume of the lAC in
individuals newborn to elderly to obtain new infor
mation regarding the surgical anatomy of the lAC.

MATERIALS AND METHODS

Twenty human temporal bones obtained from 20
individuals without a history of congenital anomaly
or otologic disease were studied. Specimens were
from 10males and 10females, 1 month to 72 years of
age at death. After removal at autopsy, temporal
bones were histologically processed according to a
previously reported procedure.l'' reference-marked
for computer reconstruction, and sectioned horizon
tally or vertically at a thickness of30 fUD.. Every 10th
section was stained with hematoxylin and eosin and
was used for computer-aided 3-D reconstruction of
the lAC.

INTRODUCTION

The internal auditory canal (lAC) is a short bony
canal that lies between the posterior surface of the
petrous pyramid and the bony labyrinth within the
dense petrous bone; the lAC opens medially to
the posterior canal fossa through the porus acusticus.
The seventh and eighth cranial nerves pass through
the lAC, and this canal has been clinically impor
tant as a region in which acoustic neuromas occur.
Many investigators have studied the lAC on radio
graphs,1-3on casts,4-7in dissected temporal bones,8-11

and in histologic sections.P and have found that the
dimensions, shape, and volume of the normal adult
lAC vary widely, even between two sides of the
same individual, as well as among different individu
als.1,2,4-6

After studying postnatal development of the lAC,
Lang13 reported the lengths and the vertical and
horizontal diameters of the lAC in four age groups
from newborn to adult. Similar studies by Papan
gelou6,7 found no growth with age in the wall lengths,
the diameter, or the volume ofthe lAC in individuals
older than 10 years. To our knowledge, however, no
previous report has described postnatal development
of the lAC fully. To gain insight into this topic, we
used a computer-aided three-dimensional (3-D) re-
construction and measurement technique to deter- Using our computer-aided reconstruction method
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Fig 1.Reconstructed imageofright inter
nalauditorycanalof60-year~ldman.A)

Anterior view. B) Inferior view. SP 
superior margin of porus, IP - inferior
margin of porus, AP - anterior margin
ofporus,PP -posteriormarginofporus,
SVF - most lateral point of fundus in
laminacribrosa area for superiorvestibu
lar nerve, IVF - most lateral point of
fundus in lamina cribrosa area for infe
rior vestibular nerve, CF - most lateral
point of fundus in lamina cribrosa area
for cochlearnerve, MT - middle portion
of edge of transverse crest, MB - mid
dle portion of edge of Bill's bar, Fe 
facial. canal, FS - foramen singulare,
1 -length of superior wall, 2 -length
of inferior wall, 3 - length of anterior
wall, 4 - length of posterior wall,5 
length ofmedial part of internal auditory
canal, 6 -length of lateral part of inter
nal auditory canal, 7 -length (depth) of
transverse crest, 8 - length (depth) of
Bill's bar. Dashed lines connect SVFand
IVF.

described in detail elsewhere, IS we reconstructed the
lAC and made the following 14 measurements in
three dimensions (Fig 1):

1. Length of the superior wall: the distance from
the superior margin of the porus to the most lateral
pointof the fundus in the lamina cribrosa (LC) area
for the superior vestibular nerve (SVN).

2. Length of the inferior wall: the distance from
the inferior margin of the porus to the most lateral
point of the fundus in the LC area for the inferior
vestibular nerve(IVN).

3. Length of the anterior wall: the distance from
the greatest curvature of the blunt anterior margin of
the porus to the most lateral point ofthe fundus in the
LC area for the cochlear nerve.

4. Length of the posterior wall: the distance from
the posterior lip of the porus to the most lateral point
of the fundus in the LC area for the IVN.

5. Length of the medial part of the lAC: the dis
tance from the posterior lip of the porus to the medial
margin of the foramen singulare.

6. Length of the lateral part of the lAC: the dis
tance from the lateral margin ofthe foramen singulare
to the most lateral point of the fundus in the LC area
for the IVN.

7. Length (depth) of the transverse crest: the dis
tance from the middle portion of the edge of the
transverse crest to the line between the most lateral
pointofthe fundus in the LC area for the SVN and that
for the IVN (dashed lines in Fig 1).
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8. Length (depth) of Bill's bar: the distance from
the middle portion of the edge of Bill's bar to the
fundus (dashed line in Fig 1).

9 and 10. Vertical and horizontal diameters of the
lAC at the porus.

11 and 12. Vertical and horizontal diameters of
the lAC at the fundus.

13 and 14. Vertical and horizontal diameters of
the lAC at the middle portion of the canal.

The shape of the lAC in cross section was deter
mined by comparing the diameters in the vertical and
horizontal planes at the porus, the fundus, and the
middle portion ofthe canal. The shape was classified
as straight, narrowed medially, narrowed laterally,
oval, or constricted in the middle. A canal was con
sidered straight when there was no more than a 0.5
mm difference among the diameters at the porus, the
fundus, and the middle portion ofthe canal. When the
diameter at the porus was more than 0.5 mrn less than
that at the fundus, the lAC was considered narrowed
medially; it was classified as narrowed laterallywhen
the reverse was true. Likewise, when the middle
portion diameter of the canal was more than 0.5 mm

8.0 •

larger or smaller than both the porus and fundus
diameters, the lAC was considered oval or con
stricted in the middle, respectively.

We also measured the volume of the lAC in each
specimen, using a computer-aided technique devel
oped and describedpreviously.17Following this tech
nique, we measured the medial border surface area of
the lAC in each ofthe sections that included the porus
of the lAC. In horizontal sections, a line was drawn
between the point of greatest curvature on the blunt
anterior margin of the porus and the point ofgreatest
curvature on the posterior margin. Similarly, in ver
tical sections a line was drawn between the superior
margin of the porus and its inferior margin. The
lateral border of the lAC was taken to be the most
lateral area of the fundus for the SVN, the IVN, and
the cochlear nerve; the area along the edge of Bill's
bar for the facial nerve was used as a reference also.

RESULTS
Length. The lengths of the superior, inferior, ante

rior, and posterior walls of the 20 lACs studied
ranged between 6.9 nun and 14.1 nun (mean :t SD,
10.6:t 2.2 mrn), 4.5 mrn and 13.7 mrn (9.6:t: 2.4 mrn),
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5..0 nun and 15.8 nun (11.3 ± 2.6 nun), and 3..5 nun
and 11.8 mm (8.3 ± 2.1 nun), respectively. Figure 2
shows the lengths of these four walls as functions of
age. Regardless of age, for most of the lACs the
anterior wall was the longest and the posterior one
was the shortest. All four walls tended to lengthen
significantly from birth to about 10 years of age, and
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no development was recognized after late adoles
cence, although individualmeasurements variedrela
tively widely. The rates of postnatal development
appear to be similar for the four walls of the lAC.

The lengths of the medial and lateral parts of the
posterior wall of the lAC and of the transverse crest
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SHAPE OF HUMAN INTERNAL AUDITORY 2.7 ± 0.7 nun), 1.3 nun and 3.3 mm (2.5 ± 0.6 mm),
CANAL IN VERTICAL AND HORIZONTAL PLANES and 0.9 mm and 2.6 mm (1.8 ± 0.4 mm), respectively,

Shape and showed no evidence of postnatal development.
Vertical Horizontal Moreover, these lengths varied less than the length of

Case Age Sex Plane Plane the medial part of the lAC wall, even in individuals
Imo F Narrowed Straight older than their late teens (Fig 3).

medially
Diameter. The vertical diameters ofthe lACs at the

2 5ma M Narrowed Straight
porus, the fundus, and the middle portion ofthe canalmedially

3 8mo F Narrowed Narrowed ranged between 2.9 mm and 6.4 mm (mean ± SD, 4.8
medially laterally ± 1.0 mm), 3.7 nun and 5.6 mm (4.5 ± 0.5 mm), and

4 11 mo F Straight Narrowed 3.2 nun and 6.5 mm (4.8 ± 0.9 nun), respectively. The
laterally horizontal diameters ranged between 5.0 mm and 9.9

5 4y M Oval Narrowed mm(7.7 ± 1.4mm) at the porus, between3.3mmand
laterally 5.7 mm (4.6 ± 0.7 nun) at the fundus, and between 3.1

6 8y F Oval Narrowed nun and 7.0 nun (4.9 ± 1.0 mm) at the middle portion
laterally of the canal. The diameters of the lAC at the porus,

7 14 y F Narrowed Narrowed the fundus, and the middle portion of the canal as
laterally laterally

functions ofage are shown in Fig 5. Both the vertical
8 17 Y F Straight Narrowed

and horizontal diameters at the porus appeared tolaterally

9 18 Y M Narrowed Constricted increaseslightly during about the firstyear afterbirth,

medially in middle although no growth with age was found after that

10 18y F Narrowed Narrowed period. On the other hand, the diameters at both the
laterally laterally fundus and the middle portion ofthe canal showed no

11 19 Y M Narrowed Narrowed postnatal development and were relatively constant
laterally laterally regardless of age in comparison with those at the

12 21 y M Narrowed Narrowed porus.
laterally laterally

Theseresults correspond with another finding con-13 27y M Straight Narrowed
laterally cerning the shape of the lAC. As shown in the Table,

14 30y M Narrowed Constricted most of the lACs from individuals older than 1 year
laterally in middle were eithernarrowed laterallyorstraightwhen viewed

15 40y F Straight Narrowed in a vertical plane and narrowed laterally in a horizon-
laterally tal plane, although a few were classified as oval in a

16 60y M Straight Narrowed vertical plane or constricted in the middle in a hori-
laterally zontal plane. By contrast, in individuals less than 1

17 70y M Straight Narrowed year old, more than half of the lACs were classified
laterally

18 71 Y M Narrowed Narrowed
as narrowed medially in a vertical plane and straight

laterally laterally in a horizontal plane.

19 71 y F Constricted Constricted Volume. The volumes of the lACs in this study
in middle in middle ranged between 37.3 mm3 and 220.6 mm3 (mean ±

20 72y F Narrowed Narrowed SD, 159.6 ± 46.8 mm''). They are shown as a function
laterally laterally

of age in Fig 6. As was noted for the lAC walls, lAC

and Bill's bar are shown for different ages in Fig 3. volume increased significantly after birth until about

The length ofthe medial part ranged between 2.2 mm 10 years ofage, but did not change significantly after

and 7.9 mm (mean ± SD, 5.1 ± 1.7 mm), with greater late adolescence.

lengths being measured in specimens from individu-
DISCUSSION

aIs in early adolescence and older. These results
parallel those for the four walls ofthe lAC. In fact, the The computer-aided 3-D reconstruction and mea-
length of the medial part and the total length of the surement method used in this study allows visualiza-
posteriorwall were significantlycorrelated (r= .8731, tion of any temporal bone structure from any direc-
p < .001), as shown in Fig 4. tion, without interference of surrounding structures.

This method is also ideal for measuring these struc-
In contrast, the lengths ofthe lateral part ofthe lAC tures in three dimensions,15because it allows dimen-

posterior wall, of the transverse crest, and of Bill's sional information to be obtained more accurately
bar ranged between 1.5 nun and 3.5 mm (mean ± SD, and easily than by other methods such as measuring
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radiographs, casts, or dissected temporal bones.

By using this method to study postnatal develop
ment in length of the lAC, we found that all of the
walls of the lAC lengthen significantly from birth to
about 10 years of age, and that their growth is prob
ably complete by at least late adolescence. Further
more, the medial part of the lAC develops similarly
postnatally, although the lateral part of the lAC, the
transverse crest, and Bill's bar do not change postna
tally. These results suggest that mostpostnatal devel
opment in the length of the lAC is attributable to
lengthening of the medial part of the lAC. The sig
nificant correlation between the length of the medial
part ofthe lAC and the length of the posterior wall of
the lAC supports this suggestion.

Development in diameter of the lAC was less
obvious in this study compared. with development in
length. Slight increases were found in the vertical and
horizontal diameters at the porus during about the
first year after birth, but the diameters at the fundus
and the middle portion of the canal were relatively
constant over the life span in this study. This finding

was confirmed by studying the shape ofthe lAC, and
it indicates that postnatal development in lAC diam
eter is completed much earlier than development in
length of the lAC. However, development in diam
eter is similar to development in length in that both
are due primarily to growth at the medial end of the
canal.

The present study showed that the volume of the
lAC increases significantly from birth to about 10
years of age. This increase parallels increases in
length of the lAC walls, indicating that postnatal
increases in volume result predominantly from in
creases in the length of the canal, especially of its
medial part, and not from growth in the diameter of
the canal.

In summary, the lAC, especially its medial part,
lengthens significantly until about 10 years of age
and increases slightly in diameter until about 1 year
of age. Thus, the lAC develops postnatally mainly
along its long axis. Postnatal developmentofthe lAC
is shown schematically in Fig 7. The finding that the
lAC develops postnatally in length until puberty is
supported by the fact that the calvarium normally

Fig 7. Schematic drawing of postnatal devel- AT BIRTH ABOUT 1 YEAR OLD ABOUT 10 YEARS OLD

opmentofinternal auditory canal as evident in
vertical and horizontal planes. Internal audi- Sup.

tory canal lengthens postnatally until about 10
years of age, mostly because of development Vertical

ofits medial part (**). Length oflateral part of Plane ~

internal auditory canal (*) is relatively con- F

stantthroughout life. On otherhand, diameters Inf.

increase slightly at porus (P) for about 1 year
after birth, so that internal auditory canal is
narrowed medially invertical plane and straight
in horizontal plane and then becomes either Ant.

narrowed laterally or straight in vertical plane
and narrowed laterally in horizontal plane. Horizontal

Plane
p +- +-F - fundus, TC - transverse crest, pp- pC! '~, ~:,

posterior margin of porus, FS - foramen
singulare, IVF - most lateral point of fundus ' F

in lamina cribrosa area for inferior vestibular FS I ,IVF
'~'nerve. r * I ~"I~I

Post. I * I :~:
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grows in capacity until 15 or 16 years of age. On the
other hand, the fundus of the lAC and the adjacent
walls are surrounded by the otic capsule, which is
thought to attain adult dimensions by 21 weeks of
gestation.R This fact may explain why we found no
evidence ofpostnatal development in diameter ofthe
fundus or lengths of the lateral part of the lAC,
transverse crest, or Bill's bar. In other words, the
concentration of lAC growth medially implies that
postnatal development of the lAC is mainly due to
growth of the bone around the otic capsule.

Another finding ofinterest was the relatively wide
variations in the length of the medial part of the lAC
and the porus diameters, even in adults. This variabil
ity mightbe due to differingdegreesofpneumatization
around the lAC, as described by Fujita and Sandol"
and Portmann et al. 19 These variations should be
takeninto account during lAC surgery. Furthermore,
the size and shape of the lAC should beestimated as
accurately as possible before lAC surgery. Silverstein
et alii reported that the singular canal is valuable as
a landmark to avoid fenestrating the labyrinth during
surgery by a retrosigmoid lAC approach. In this
regard the foramen singulare, the orifice ofthe singu-

lar canal to the lAC, also might be a useful landmark
to estimate the distance to the fundus during lAC
surgery, because we found the length of the lateral
part of the lAC to be relatively constant over the life
span.

The tissue shrinkage during fixation and process
ing is on the orderof 10%.20,21 Schuknecht-! reported
that fixation produced about 10%shrinkage ofspeci
men; Igarashi et al20 reported 9% shrinkage of the
circumference of the posterior semicircular duct in
celloidin-embedded specimens. However, to our
knowledge, there has been no previous study con
cerning shrinkage of bony tissue. In the temporal
bones from individuals over 10years old, the lengths
of the lAC walls obtained in this study tended to be a
little shorter (approximately 8%) than those obtained
by othermethods usingunfixed temporalbones.4,S,7,10

It is not possible to determine whether this reflects
shrinkage of bony tissue or the normal wide varia
tions in these dimensions across individuals. In any
case, our conclusions about the postnatal develop
ment of the lAC are not affected by potential shrink
age, because all our materials were processed identi
cally.
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