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Introduction: Development of the human inner ear primordium is a sophisticated process that proceeds rapidly
in a short period of time. After numerous processes and developmental stages, the mature organs of hearing and
balance are perfected before delivery.
Aim: To trace the development of the normal fetal bony labyrinth at different age of the developing fetus.
Materials and Methods: 30 petrous temporal bones of human fetuses were studied, gestational age ranging from
4 to 7 lunar months. Various parameters of the bony labyrinth in dry fetal temporal bones were recorded.
Conclusion: A new regression equation has been derived to predict CR length from length of cochlea and height of
lateral semicircular canal. As fetal cochlear development correlates with the surrounding petrosal morphology,
studies concerning the relationship between the petrous bone measurement and genetic predisposition to
congenital deafness can be useful in diagnosis of causes of congenital deafness.
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labyrinth is characterized by three parts: the
vestibule, the semicircular canals and the
cochlea. The cochlea is situated in the anterior
part of the labyrinth, and is responsible for
hearing sense, while the vestibule and semicir-
cular canals are the organs responsible for the
function of balance [1,2].
Development of the human inner ear primordium
is a sophisticated process that proceeds rapidly
in a short period of time. The otic placode
begins to form a thickening of the ectoderm
bilaterally at the head and sinks into the head
mesenchyme. Next stages include the otic

Inner ear or internal ear is called as labyrinth
because of its intricate and irregular shape. It is
a complex of membranous sacs and ducts. It is
made up of osseous and membranous labyrinth;
postnatally it is enclosed in the osseous otic
capsule. The membranous labyrinth is contained
within the bony labyrinth, sandwiched between
these two is the perilymph and within the mem-
branous labyrinth is present the endolymph. The
osseous labyrinth is surrounded by thin fibrous
membrane and is closely attached to petrous
segment of temporal bone. The membranous
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vesicle formation which further will differenti-
ate into semi-circular canals and coils of cochlea.
The superior canal is completed first in 6th week.
The posterior canal develops next and the lat-
eral canal is the last to develop. After numer-
ous processes and developmental stages, the
mature organs of hearing and balance are per-
fected before delivery [3].
The development of inner ear proceeds in a
complicated manner, therefore the analysis of
its morphogenesis is of utmost importance in
developmental sciences, as well as to otolaryn
gologists in defining syndromes affecting
cochlea, vestibular and semicircular canal
morphology.
To the best of our knowledge, there is no
adequate literature that provides measurements
of bony labyrinth in fetal dry temporal bones. So
our study provides detailed data regarding
measurements of bony labyrinth in fetal dry
temporal bones, the knowledge of which can be
helpful for otolaryngologists, radiologists and
anatomists too.

In this study  30 petrous temporal bones of
human fetuses were included. The fetuses were

MATERIALS AND METHODS

supplied by the department of Obstetrics and
Gynaecology, Chatrapati Shivaji Sarvopachar
Rugnalaya, Solapur. Malformed fetuses were not
included in our study. The study was pre-
approved by ethical committee of Dr.V.M. Medi-
cal College Solapur. Gestational age ranged from
4 to 7 lunar months, according to protocol and
CR length measured before maceration. After
measuring CR length, fetuses were kept in
running tap water for maceration. It took 4 to 8
months to remove soft tissue attached to the
bones. Periosteum was also removed for
visualization of anatomical landmarks.
Measurements taken were as follows:
1) Cochlear length 2) Cochlear height
3) Cochlear breadth 4) Length of petrous bone
5) Anterior semicircular canal length and height
6) Posterior semicircular canal length and height
7) Lateral semicircular canal length and height.
The collected data was tabulated and analyzed
by SPSS software V16.0. Regression equation
was also obtained. Comparison between age
groups was done by ANOVA Test. Comparison
between right and left side of each parameter
was done by unpaired t test.

Sr. no. Parameters Side 4 months 5 months 6 months 7 months ‘p’ value
Left 16.7 + 1.6 16.8 + 0.4 17.7 + 0.7 18.1 + 2.2 0.29

Right 17.7 + 2.06 17.7 + 1.9 17.37 + 1.5 15.8 + 1.2 0.14
Left 1.6  + 0.2 1.5 + 0.11 1.47 + 0.2 1.6  + 03 0.48

Right 1.51 + 0.16 1.55 + 0.18 1.52 + 0.12 1.57 + 0.2 0.87
Left 0.46 + 0.08 0.47 + 0.05 0.45 + 0.05 0.41 + 0.07 0.43

Right 0.46 + 0.05 0.47 + 0.06 0.44 + 0.06 0.42 + 0.04 0.25
Left 1.5 + 0.2 1.5  + 0.09 1.5 + 0.2 1.6 + 0.2 0.81

Right 1.57 + 0.12 1.51 + 0.15 1.57 + 0.07 1.41 + 0.11 0.07
Left 0.51 + 0.1 0.52 + 0.06 0.52 + 0.06 0.93

Right 0.53 + 0.09 0.56 + 0.08 0.52 + 0.1 0.37
Left 1.26 + 0.15 1.28 + 0.09 1.36 + 0.15 1.36 + 0.2 0.52

Right 1.36 + 0.18 1.29 + 0.13 1.19 + 0.11 1.27 + 0.08 0.13
Left 0.41 + 0.09 0.42 + 0.07 0.42 + 0.08 0.36 + 0.05 0.28

Right 0.41 + 0.08 0.42 + 0.08  0.38 + 0.05 0.31 + 0.04 0.04
Left 0.56 + 0.05 0.54 + 0.05 0.55 +_0.07 0.58 + 0.08 0.004

Right 0.6 + 0.02 0.67 + 0.3 0.65 +_0.04 0.68 + 0.07 0.59
Left 0.4 + 0.03 0.41 + 0.05 0.43 + 0.06 0.45 + 0.07 0.78

Right 0.36 + 0.02 0.4 + 0.06 0.42 + 0.07 0.48 + 0.05 0.68
Left 0.32 + 0,01 0.34 + 0.03 0.35 + 0.04 0.36 + 0.07 0.31

Right 0.3 + 0.01 0.28 + 0.03 0.22 + 0.05 0.26 + 0.04 0.64

1 Length of 
petrous bone

2 Ant. SCC L

3 Ant. SCC H

4 Post. SCC L

5 Post. SCC H
0.49 + 0.11 
0.48 + 0.08

9 Cochlea B

10 Cochlea H

6 Lat. SCC L

7 Lat. SCC H

8 Cochlea L

RESULTS

Table  1: Parameters
of bony labyrinth in
different age groups
(age in lunar months).

‘p’ value less than
0.05was considered
to be statistically
significant

Regression equation obtained
1. CR length = 220.76 + 170.42 * cochlear length
2. CR length = 330.774 – 226.254 * lateral semicircular canal height
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canal, posterior semicircular canal, lateral semi-
circular canal as 2.41+_ 0.83mm, 2.24+- 0.85mm
and 1.70+-0.67 mm respectively
Hassan et al 2014 [10]  measured cochlear
width and height and compared them between
males and females. His observations were width
5.6+_0.6 mm on left side and 5.6+_0.4 mm on
right side; height 3.6+_0.4 mm on left side and
3.5+_0.4 mm on right side respectively.
Odeh M 2013 [11]  et al measured petrous bone
on right as 10.80+_3.8 mm and10.15+_3.7mm
on left side respectively.
In our study, we found length of petrous bone
on left side 16.7+_ 1.6 mm and on right
side17.7+_2.06 mm at the age of 4 lunar months,
16.8+_0.4mm on left side and 17.7+_1.9 on right
side at the age of 5 lunar months, 17.7+_0.7 mm
on left side and 17.37+_ 1.5 mm on right side at
the age of six lunar months, 18.1+_ 2.2 mm on
left side and 15.18 +_ 1.2 mm on right side at
the age of 7 lunar months respectively.
The length of petrous bone observed by us in
our study was on higher side compared to mea-
surements done by Odeh et al.2013 [11].
We obtained the length and height of anterior
semicircular canal, posterior semicircular canal,
and lateral semicircular canal as recorded in
table no .1, when we compared our data with
that of Jeffery N and Spoor F2004 [9] our mea-
surements were less in length as well as height.
We also measured cochlear length, width and
height. The findings of our study are in correla-
tion with findings of study done by Hassan et al
2014 [10].
In this modern cochlear implantation era, there
is a growing interest in developing an atraumatic
surgical technique designed to preserve cochlear
function and minimize cochlear damage. To the
best of our knowledge this is the only study done
on bony labyrinth of fetal dry temporal bones.
Even though MRI and HRCT are the choice to
modality to measure cochlear size in cochlear
implants studies like ours leave their mark too.
As fetal cochlear development correlates with
the surrounding petrosal morphology[9],
studies concerning the relationship between the
petrous bone measurement and genetic predis-
position to congenital deafness[11] can be
useful in diagnosis of causes of congenital

DISCUSSION

The inner ear structures, including the membra-
nous labyrinth, develop from the otic placode,
(which is a thickening of the surface ectoderm
of the embryonic head) [4-6]. The membranous
labyrinth includes the cochlea, vestibule, semi-
circular canals, and the endolymphatic duct and
sac. Development of the inner ear begins at 21
to 24 days’ gestation. The margins of the
placode invaginate and appose to form a simple
cavity called the otocyst. The otocyst sinks
below the surface and loses continuity with the
overlying ectoderm [4,6].
At 5 to 6 weeks, a diverticulum buds from the
otocyst forming the endolymphatic sac, followed
by the buds for the cochlea and vestibule. At 7
to 8 gestational weeks, formation of the
membranous semicircular canals begins. The
superior canal develops first, followed by the
posterior and finally the lateral semicircular
canal [5,7,8]. At 8 weeks, the membranous
cochlea has achieved one to one and one-half
turns. At 10 weeks, two turns have formed [8].
By 11 weeks, the full adult configuration of two
and one-half to two and three-quarters turns are
completed . The otocyst induces the surround-
ing mesenchyme to form cartilage that conforms
to the shape of the membranous labyrinth,
which it “finds.” This cartilage model will form
the bony otic capsule [6,7].
The bony labyrinth inside the petrous temporal
bone houses the inner ear, which contains the
the organ of hearing in the cochlea and that of
balance in the vestibule and semicircular canals.
The modern human bony labyrinth is morpho-
logically distinct from all other primates. The
human labyrinth from a comparative and evolu-
tionary perspective suggests that it attains its
adult morphology before birth, so that direct
comparison can be made between adult and ju-
venile specimens. The labyrinth may constitute
a better representation of the genotypic makeup
of an individual than do most other skeletal
parts, because postnatal influences on the
morphology by environmental or behavioral
factors are minimal or absent.
Jeffery N and Spoor F 2004[9] studied prenatal
growth and development of modern human laby-
rinth and observed radii of anterior semicircular
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deafness.
A study of larger sample size in correlation with
imaging techniques may yield more precise
measurements of bony labyrinth which can then
be used in routine practice of otorhinolaryngol-
ogy.

CONCLUSION

A new regression equation has been derived to
predict CR length from length of cochlea and
height of lateral semicircular canal as:
CR length = 220.76 + 170.42 * cochlear length
CR length = 330.774 – 226.254 * lateral semi-
circular canal height
Measurements of bony labyrinth in dry fetal tem-
poral bones appear to be shorter than those
described in literature. Studies like present study
of anatomy of fetal bony labyrinth may lead to
better understanding of congenital ear disorders.
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