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Abstract

Purpose: Aim of this study was to investigate the
morphometric and morphologic variations of middle ear
ossicles.

Materials and Methods: Middle ear of 20 newborn
cadavers from both sexes were dissected bilaterally and
the ossicles were obtained to investigate their
morphometric and morphologic characteristics.

Results: The average of morphometric parameters
showed that the malleus was 7.69 mm in total length with
an angle of 137°; the manibrium mallei was 4.70 mm,
and the total length of head and neck was 4.85 mm; the
incus had a total length of 6.47 mm, total width of 4.88
mm , and a maximal distance of 6.12 mm between the
tops of the processes, with an angle of 99.9°; the stapes
had a total height of 3.22 mm, with stapedial base being
2.57 mm in length and 1.29 mm in width.

The morphologic observations on the ossicles showed
that the incus was the most stable and the stapes was the
most variable of all. As a variation, one stapes did not
have foramen obturatum.

Conclusion: The knowledge of the variations of the
middle ear ossicles may be helpful during ear operations
to improve hearing. The morphometrical data may also
be useful for the classification of middle ear ossicles.
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Ozet

Amag: Yeni doganlarda orta kulak kemikciklerinin
morfometrik ve morfolojik varyasyonlarini  ortaya
koymak.

Gere¢ ve yontem: Her iki cinse ait 20 yeni dogan
kadavrasmin orta kulak bosluguna girilerek elde edilen
orta kulak kemikcikleri iizerinde morfometrik ve
morfolojik inceleme yapildh.

Bulgular: Morfometrik sonuglar; malleus’un toplam
uzunlugu 7.69 mm, manibrium mallei’nin uzunlugu 4.70
mm, caput mallei ve processus lateralis arasindaki
uzaklik 4.85 mm, manibrium mallei’nin ekseni ve caput
mallei arasindaki a¢i 137°, incus’un toplam uzunlugu
6.47 mm, toplam genisligi 4.88 mm, crus longum ve
breve’nin uglart arasindaki uzaklik 6.12 mm, cruslar
arasindaki a¢r 99.9°, stapesin  toplam  uzunlugu
(viiksekligi) 3.22 mm, basis stapedis’in uzunlugu 2.57
mm ve basis stapadis’in genigligi 1.29 mm olarak
bulundu.

Kemikcikler iizerindeki morfolojik gozlemler varyasyon
bakimndan incus’un en kararli, strapes’in ise en
degisken kemikcik oldugunu ortaya koydu. Bir stapes’te
foramen obturatum’un bulunmadigini tespit ettik.

Sonug: Kemikcikler iizerindeki varyasyonlarin bilinmesi
orta kulaga yapilan operasyonlarda, morfometrik
sonuglar ise orta kulak kemikciklerinin
smiflandirilmasinda faydali olabilir.

Anahtar Kelimeler: Kulak kemikgikleri, malleus, incus;
Stapes

The tympanic cavity contains three ossicles
(middle ear ossicles or auditory ossicles) in
humans; the malleus, incus and stapes. These
ossicles form a chain across the tympanic cavity
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from the tympanic membrane to the fenestra
vestibuli respectively (1,2). Our knowledge about
these ossicles goes back to the 15™ century (3).
Since that time, extensive studies have been carried
out on their morphometry and morphology (4-7),
anomalies (8-12), embryology (13), function and
structure (14-16) as well as the surgical
reconstruction (17,18). Most of these previous
studies were on adult ossicles. It has been reported
that these ossicles arrive at maximal size in foetal
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life (19). However, two recent studies have shown
that development of these ossicles continues after
birth and their weight and size increase (20,21).

In this work, our aim was to study the
morphometry and morphometric variation, if any,
of the ossicles in the newborn. Morphological
variations were also investigated in the ossicles.

MATERIALS AND METHODS

This study was performed on 40 sets of middle ear
ossicles which were taken from 20 newborn
cadavers of both sexes, from the Anatomy
Laboratory Collection of Erciyes University. The
ossicles were obtained from tympanic cavity after
opening tegmen tympani. Measurements were
made according to previous studies (3,9,20). The
measurements were estimated with a Mitutoyo
micrometer which has an accuracy of 0.01 mm.
Photographs were taken with a stereoscopic
microscope. The measurements of angles were
estimated on the photographs. The measurements
shown in figure 1 were carried out on the ossicles.

RESULTS

In this study, the data were determined in two
categories; the morphometric and the morphologic.
While the morphometrical data from the middle ear
ossicles were given in table 1, the morphological
data were based on observation.

Malleus: The free ends (distal part) of manibrium
mallei showed variations between a curve
anteriorly (50%) (fig.2a) and a straight line (fig.
2c). The lateral processes of mallei had a very
different appearance (fig. 2a-d). Some mallei had
no neck between head (caput) and manubrium and
these mallei had large and long lateral processes
(fig. 2¢). The length of the anterior process was
variable and some of the processes were quite long
(fig.3).

Incus: The incus had minimum morphological
variations in the ossicles. There was a notch in the
inferior border of the short process (42.2%).
Courses of these notches were forward (fig. 4f) or
upward (fig. 4d). The angle between the short and
long process of the incus was variable (fig. 4a-f).
While the incus with a well-developed corpus had
a wide angle (fig. 4c), the incus with a less
developed corpus had a narrow angle (fig. 4e).

Stapes: Stapes had maximum morphological
variations in the middle ear ossicle. The variations
of stapes were in the neck, the cruses and the hole
(fig. 5 and 6). The stapes had no neck (fig. 5¢), a
short (fig. 5a) or a long (fig. 5d) neck. The cruses
of the stapes had symmetry (fig. 6a and e) or
asymmetry (fig. 5a-d). The hole of stapes (foremen
obturatum) was circular (fig. 6b), oval (fig. 6c),
triangular (fig. 6e), tunnel shaped (fig. 6d) or
without hole (fig. 6f).

It was observed that while some ossicles were
well-developed morphometrically, their bone mass
did not reach a sufficient size (fig. 2d and 6e).

Table I. Morphometric data of middle ear ossicles. Metric values (Iength and width) given in mm

Malleus (n: 40) Mean = SD  Incus (n: 40) Mean + SD  Stapes (n: 40) Mean + SD

Total length 7.69 0.60 Total length 6.47 055  Total height 3.22 031

Length of Manubrium 4.70 0.45 Total width 4.88 0.47  Length of basis stapedis 2.57 033

Length of head and neck  4.85 0.29 Distance  between 6.12 043  Width of the basis stapedis 1.29 0.22
tips of the processes

Angle 137 9.77 Angle 99.9 13.5 Index 80.06 10.04

Index 60.97 3.77 Index 79.84 6.75
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Table II. Morphometric data of middle ear ossicles from present and some previous studies. Metric values (length and
width) given in mm

Malleus
Values Present Bouchet & Masali, 1968  Arrensburg & Harada, 1972 Arrensburg et Aycan et al.,
data Giraut, 1968 Nathan, 1972 al,. 1981 1990
Tota length 7.7 7.9 7.6 7.3 8.0 7.8 8.1
Length of manubrium 4.7 4.7 4.6 3.5 4.2 4.4 4.9
Length of head and 4.9 - - - 5.0 - 5.1
neck
Angle 137 139 - 155 - 137 141
Index 61 - - - - 56.6 -
Incus
Values Present Bouchet & Masali, 1968  Arrensburg & Harada, 1972  Arrensburg et Unur et al.,
data Giraut, 1968 Nathan, 1972 al,. 1981 1990
Tota length 6.5 6.5 6.4 6.8 6.8 6.4 6.7
Total width 4.9 5.1 4.8 5.1 4.8 5.1 5.1
Maximal distance top 6.1 - - - 4.2 - 6.1
of the processes
Angle 100 95 - 94 - 88 99
Index
Stapes
Present data Bouchet & Giraut, 1968 Arrensburg et al, 1981
Total height 3.2 3.5 3.2
Length of basis stapedis 2.6 - 2.8
Width of the basis stapedis 1.3 - 1.3
Index 80.1 - 85.1
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Fig. 1: Measurements of middle ear ossicles.

Fig. 1. A1 and A2 (malleus):

a-b: Total length (maximal distance between the top of
the head and the end of the manubrium),

b-c: Length of manibrium mallei (distance from the
end of the lateral process to the end of manibrium),

a-c: Length of head and neck (maximal distance
between the top of the head and the end of the lateral
process),

x: Angle (between the long axis of the neck and that of
the manibrium),

Index: Length of manibrium X 100 / total length.

Fig. 1. B1 and B2 (incus):

d-e: Total length (maximal distance between the
superior edge of the body and the end of the long
process), d-f: Total width (maximal distance between
the superior edge of the body and the end of the short
process) e-f: Maximal distance between the tips of the
processes, y: Angle between the processes, Index: Total
width X 100 / total length of incus.

Fig. 1. C1 and C2 (stapes):

g-h: Total height (maximal distance between the top of
the head and the basis stapedis),

1-j: Length of the basis stapedis (maximal length of the
long axis of basis stapedis),

m: Width of the basis stapedis (maximal width of the
basis stapedis),

Index: Length of the basis stapedis X 100 / total height
of stapes.

Fig. 2. The variations in the malleus. Course of the free
end of manibrium mallei has a curve anteriorly (a and d)
or straight (b and c).

Fig. 3. The very long anterior process of the malleus.
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Fig. 4. The variations of the incus. The forward course (f)
and upward course (d) of the notch on crus breve. The
wide (c¢) and narrow angle (e) of incus.

Fig. 5. The neck variations of the stapes. The stapes
without neck (c) and with long neck (d).

Unur, Ulger, Ekinci

Fig. 6. The hole variations of the stapes. The circular
hole (b), oval hole (c), triangular hole (e), tunnel shape
(d) or without hole (f).

DISCUSSION

There are general anatomic explanations about the
middle ear ossicle in anatomy textbooks. However,
there are few studies in the literature on individual
differences in these ossicles and these studies were
on either adult or different species (3,4,6,7,9).
When the present morphometric results of the
malleus, incus and stapes were compared with
previous results (table 2), the values were similar.

It has been reported that the anterior process was
the longest process of malleus in foetal life and this
process shortened after birth (22). A long anterior
process was seen to exist in newborns. It is
reported in the literature that the free ends of
manibrium mallei curve slightly forward at a rate
of 53-70% (5,6). We found it as 50% in the
newborns. Incus is the most stable ossicle in
variation (7). However, a notch of about 41-42%
was reported on the crus breve (4). We found it as
42%. While there is information about the depth of
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the notch (4), we could not find any information
about their course. It was found in the present
study that the course of the notch was either
forward or upward. The posterior ligament of the
incus connects the end of the crus breve to the
fossa incudis. It has been reported that early
development of the ligament in the foetus
conditions the growth of the bone around it and
produces the notch (4). The variations in the course
of this notch could be caused by the angle between
the origo and the insertio of the posterior ligament.
Previous results showed that the stapes had more
variations than other ossicles (5). These variations
could be in the neck, the cruses and the foremen
obturatum of the stapes. In addition to these
variations, a stapes without the hole (foremen
obturatum) was found in the present study.

As a result, it could be concluded that the stapes is
the most variable and the incus is the most stable
ossicle in view of morphological variations.
Similar comparison of morphometric values of
newborn ossicles to those of adults’ values suggest
that these ossicles complete their morphometric
development in foetal life. However, it is possible
that the development of bone mass of ossicle may
not have been completed during foetal life. A study
further supported this information (20, 21) .

Congenital malformations of middle ear ossicles
can cause hearing problems. Wehrs (17) reported
that congenital absence of the long process of the
incus caused bilateral conductive hearing loss. The
middle ear ossicles obtained from newborns, which
are approximately the same size as the adults,
might be observed in ossicle banks for future use in
ossiculoplasty. In addition, these ossicles can be
used as homografts to replace eroded adult middle
ear ossicles.
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