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Abstract: The ossicles consist of three small bones known as the smallest bones in the body that play an important role
in transmitting sound to the inner ear. In order to study the details of middle ear ossicles in Lori sheep and native cattle,
bio-anatomical parameters of malleus, incus and stapes ossicles were measured. The age factor is not considered and
all animals were adult. Investigations showed that there was no significant difference in the levels of the middle ear bone
between the two sexes. In this study, the ossicles were carefully dissected by the appropriate devices and after
separation, the ossicles were measured using caliper and digital scales. Bio-anatomical changes were evaluated under
stereomicroscope magnification. The results showed that all three bones structure is similar to other animals. Biometric
aspects indicated that most of the changes belonged to malleus and incus bone. After examining the two species under
study, the least significant change was observed between the two animals in the stapes. In conclusion, this study was
able to compare middle ear ossicles between sheep and native cattle in Shahrekord district. Anyway, it is conceivable
that the biometric sizes of the middle ear bones may be affected by animal species.
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INTRODUCTION

The performance of hearing is a specific feeling are
observed among the upper classes of the animal
kingdom and is one of the most important sensory
inputs to maintenance of life. It seems very interesting,
such small structure like the ear performs a vital act of
hearing. It is even more surprising that there are three
small ossicles, called: a malleus, incus and stapes
inside the middle ear [1]. In discussion of middle ear
evolution, primitive tetrapods such as ichthyostega,
have a tympanic membrane at the quadrate position. A
high degree of extension was observed for the tensor
tympani and stapedius muscles, both of them attached
to distinct muscular processes [2]. Wible and Gaudin
(2004) reported a lack of processes for muscular
fixation in middle ear in Euphractussexcinctus, but they
did not indicate the degree of muscular development
[3]. Next experiences were developed from the reptilian
condition and then extend to reptiles and birds, and the
mammalian middle ear [4, 5].

The mammalian middle ear is the most basic
morphological features that signalize this class of
vertebrates. Middle ear skeletal pattern differs
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obviously among vertebrates than those of other
amniotes and has attracted the attendance of
comparative zoologists for years (Kuratani, 1999). The
middle ear has three ossicles, the malleus, incus and
stapes [6, 7]. Fleischer (2013) demonstrated the more
terrestrial mammals can be arranged into two basic
middle ear types established upon their ossicular
morphologies; with a range of intermediate or
transitional morphology between both types. These
groups are detected by having a malleus with a long
process (processusgracilis) fused to the ectotympanic
via a goniale, a wide transversal lamina between the
manubrium and the articular surface (for the incus),
and a prominent bony mass near the base of the
manubrium called the orbicular apophysis [8].

Recent genetic analyses in the mouse have
provided information about genes central to middle ear
formation [9-11]. However, Goosecoid mutant mice
showed defects of the malleus manubrium, processus
brevis and the ectotympanic and tympanic membrane
in the middle ear region [12]. Low-frequency airborne
hearing can be improved by relatively large middle ear
ossicles with loose ligament attachments, large
tympanic membranes and an increased bullar volume
[13]. Therefore, a goal from investigations of auditory
genetics and physiology is to express the relation
between the middle ear’s structure and the function of
auditory signal process [14].
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The purpose of the present study was; i) to perform
a morphological description of the middle ear region
with special emphasis in the auditory ossicles; ii) to
carry out a bio-morphometric comparative study of the
middle ear ossicles in the two species Lorisheepand
Native cow.

MATERIALS AND METHODS
Animals

The study was a biometrical, basically sciences
based pragmatic study, performed in the Department of
Anatomy in Shahrekord University to monitor the
morphological and biometrical differences between
ossicles of middle ear for a period of approximately two
months, from collecting sample until ossicles
separation. Number 50f sheep and cow (in Shahrekord
district) heads from both sexes with entire temporal
bones and possessing entire ossicular series in the
pattern of with no discontinuity and without
erosion/deterioration were selected. Bones that
seemed to be worn out in consequence of ear
disorders and or complicated diseases were excluded
from this investigation. The methods used to obtain
different bones of the ear was similar to the early
stages of "the method of the mastoidectomy" which
was carried out by protocol of the researchers [15]. To
expose the bones of malleus, incus and stapes, the
bulla required to be made accessible by using a very
small drill. After that, the middle ear ossicles were
separated from the tympanic cavity and examined
using an anatomical stereomicroscope (Model
Olympus Co., Tokyo, Japan). Following parameters
were studied;i) description of the anatomical structure
of the middle ear ossicles and ii) the measure the
biometric parameters of the middle ear ossicles
including weight, thickness and diameter.An X-ray
(Ralcos.r.] Comp) set was used to take a radiograph of
the middle ear bones, including malleus, incus and
stapeson a high-resolution mammography films.

Statistical Analysis

Statistical analyses in data of middle ear ossicles
were carried out by using the SPSS statistical software
package version 23.0.0 for Windows. Data are
expressed as mean zstandard deviation (SD) and
statistical variations were tested by Student-T test. The
biometric values of variations, including the weight,
length, width and thickness in relation to middle ear
ossicles were corrected between two the species and
the method used was considered with the criteria of a
probability of p<0.05 as statistically significant.

RESULTS

Gross anatomical findings in total available
dissected specimens exhibited that the tympanic bulla
included three malleus, incus and stapes ossicles
(Figures 1 to 3). Figure 3 demonstrate radiographs of
middle ear ossicles in lateral and medial view.
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Figure 1: Ossicular chain link in sheep mature (dorsal view);
A: Handle of malleus; B: Incus; C: Stapes.

2mm

2mm

Figure 2: Part x, Ossicles in mature cow; I, Incus; M,
Malleus; S, Stapes; A, length of malleus; B, width of malleus;
C, thickness Of head in malleus; D, length of incus; E, width
of incus; F, length of stapes; G, width of stapes; Part
y,Ossicles in mature sheep; |, Incus; M, Malleus; S, Stapes;
A, length of malleus; B, width of malleus; C, thickness of
head in malleus; D, length of incus; E, width of incus; F,
length of stapes; G, width of stapes.

The malleus was a hammer-molded small bone
which joins with next bone (incus) and is attached to
the inner surface of the tympanic membrane. The incus
ossicle, a bone in the middle ear, was the anvil- molded
small bone which connected to the third middle ear
bone (Figures 1 and 2). Stapes, the last bone (Figures
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1 and 2), was the stirrup-molded shaped small bone
which was placed on other bones, transports these to
the oval opening (an opening that leads from the
middle ear to the inner ear cavity [16, 17].

Figure 3: Radiographs of the middle ear ossicles in mature
sheep; 1) lateral view; 2) medial view. A, malleus; B, incus; c,
stapes.

Data obtained from bio-metric analysis of three
malleus bones, incus and stapes in both species
(sheep and cow) are shown in Table 1. The results
revealed an obvious increase in length, width,
thickness of malleus ossicle in cow than sheep (Table
1). All of measures except the weight of the Malleus
ossicle in the cow showed a significant difference
compared with sheep (p<0.05). However, only the
weight of the Malleus ossicle in the cow no showed a
significant difference compared with sheep (p>0.05).
There was a significant difference in the biometric
dimensions of the length, thickness and width (head,
middle and tail) of the malleus ossicle between both
species (p<0.05).

A similar pattern was followed among biometric
sizes of the incus ossicle in middle ear (Table 1), as the
biometric dimensions of the length and width of the
incus ossicle in the cow were significantly higher than

Table 1: Biometric Parameter of Malleus, Incus and Stapes between Sheep and Cow (mm) (Mean % SE)
row species Parameter Meant SE P value
+ a
1 sheep m.sh.| 8.97+.363 P<0.05
2 cow m.c.| 10.22+.248°
1 sheep m.sh.hwi 2.01+.028°
- 5 P<.0.05
2 cow m.c.hwi 2.20+.051
1 sheep m.sh.twi .78+.020°
P<0.05
2 cow m.c.twi .85+.025°
1 sheep m.sh.mwi 3.49+.024°
- " P<0.05
2 cow m.c.mwi 3.95+.015
1 sheep m.sh.we .029+.001
p>0.05
2 cow m.c.we .040+.004
1 sheep inc.sh.l 4.90+.020e
P<0.05
2 cow inc.c.| 5.95+.103e
1 sheep inc.sh.wi 2.42+.017f
P<0.05
2 cow inc.c.wi 2.83+.049f
1 sheep inc.sh.b2b 3.32+.063
P<0.05
2 cow inc.c.b2b 4.79+.031
1 sheep inc.sh.we .030+.029
p>0.05
2 cow inc.c.we .060+.001
1 sheep st.sh.l 3.44+.065
p>0.05
2 cow st.c.l 3.62+.005
1 sheep st.sh.wi 2.49+.043°
P<0.05
2 cow st.c.wi 2.69+.0149
1 sheep st.sh.t .580+.023
p>0.05
2 cow st.c.t .670+£.020
1 sheep st.sh.we .024+.011"
: p>0.05
2 cow st.c.we .025+.010

Sh: sheep; C: cow; M: malleus; We: weight;L: length; Wi: width; Hwi: head width; Mwi: middle width; Twi: tail width; Inc: incus; b2b: between two branches; St:
stapes; T: thickness. Significant differences between each two values of a single parameter compared between two species are shown with same letters; otherwise

there is no letter denotation.
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the sheep (p<0.05). The differences between two
species in weight of incus ossicle do not follow a similar
pattern like other biometric values; as there were not
significant difference in the parameters mentioned
between two animals, in spite of increasing weight of
incus ossicle in cow compared sheep (p>0.05).

The values of the weight, the diameter and length
observed concerning stapes ossicle in each two
animals are presented in Table 1. It should be noted
that there was significant difference in the width value
of the stapes ossicle when compared between two
species (p<0.05). The thickness, length and weight
biometrical amounts increased in cow compared with
sheep during the anatomical evaluation of this bone;
but except the weight there was no significant
difference between cow and sheep in biometrical
amounts of stapes ossicle (p>0.05).

DISCUSSION

Although some researchers evaluated the bony
structure of the middle ear from an anatomical
viewpoint [1, 18-20], but the study on the comparison of
middle ear ossicles (malleus, incus and stapes)
between the two species of cattle and sheep from each
two sexes has not been elucidated in detail. Therefore,
the present article has evaluated these bone structures
as far as possible. Findings in the biometric values of
the middle ear ossicles displayed that there were
significant differences between the two species, but no
observed clear difference about the gender impact on
biometric amounts in both animals.

The researchers have shown that measuring the
middle ear ossicles plays an important role in the
output impedance of the ear [14]; On the other hand, it
can have other effective effects in artificial hearing aid
that replace some of the missing parts of the body. In
this way, sodhi et al., (2017) in a demographic study at
India on the morphometric dimensions of human ear
ossicles of males showed that exact measurements of
the ossicles could being very helpful in designing the
prosthesis in ossicular chain pathology [21].

As previously identified, reports revealed that there
was no significant difference between middle ear bones
in male and female rabbits. This may lead to the result
that diversity in the characteristics of middle ear
ossicles, particularly bio-anatomical parameters, does
not matter so much in term of the sex [22], as was
agree with the results of this study. However, although
the findings suggest no gender differences in the

structure of the middle ear ossicles [22], but in current
study effect of gender factor was taken into account. In
a study by Meiring and Oschman (1991) on the
morphology of the malleus ossicle of 75 adult human
cadaver, in a comparative manner, they was found that
there was no significant difference between two sex
bones [23].

The anatomical gross structure of the malleus, incus
and stapes ossicles in this study was similar to recent
reports [14, 24, 25]. The findings in few reports show
tangible differences, as kurtul et al.,, (2003) in rabbit
showed that some middle ear ossicles, in anatomical
appearance, have a clear difference over the rest of the
animals. They in own study found that there were
variation greatly especially on the processes and
handle in this ossicles [22].

Regardless of the significant differences between
some biometric quantitative values in the middle ear
ossicle in this study, the variations indicated a sensible
increase in measured values about ossicles of the
cattle relative to the sheep. However, with a brief
overview at "p-value" of the measured number of
ossicles, we were found that malleus ossicle showed
the least alteration between the two species of cattle
and sheep. While in the other two ossicles, the most
alteration was observed regarding of biometrical
measurements in  incus and stapes ossicles.
Researches has shown that between the ossicles,
incus is the most fixed ossicle and stapes ossicles
have the most variable as far as their morphological
changes are of particular importance [26-29]. Previous
studies have shown that congenital ossicles anomalies
are accompanied by facial nerve abnormalities;
furthermore, Padmini and Rao (2013) in evaluating
morphological changes of human fetal ear ossicles
showed that impoverished human fetuses can be used
in form homo-grafts to substitute corroded mature ear
ossicles.

The degree and extent of bony chambers could be
reliably predicted by the size of its internal structures
[30]. It seems that the distinct difference that between
the bones of the two species under study can be
clearly seen, to be closely related to the dimensions of
tympanic bone. According to this point, as is clear,
tympanic bone shows a larger dimension in cow than
sheep [16, 31]. Therefore, it's easier to understand, the
distinct difference between the measured values in the
malleus, incus and stapes ossicles between two animal
species; however, some bony values did not show
significant differences.



The Middle Ear of Ruminants

World Journal of Veterinary Science, 2021, Vol. 9 9

ACKNOWLEDGEMENTS [14] Huang GT, Rosowski JJ, Flandermeyer DT, Lynch TJ, 3rd, Peake
WT. The middle ear of a lion: comparison of structure and function to
domestic cat. The Journal of the Acoustical Society of America 1997;
This work was financially supported by the 101(3): 1532-49.
Uni it f Shahrekord. | )|/ th PP d. th yth https://doi.org/10.1121/1.418107
niversity o ahrekord, .ran. n. e end, € authors [15] Hildmann H, Sudhoff H. Middle ear surgery: . Springer Science &
of the paper, from experts in the field of anatomy of the Business Media 2006: 19-23.
department of basic sciences thanks and appreciates_ [16] Sisson S, Grossman JD. The anatomylof the domestic animals.
Jenson Books Inc 1947; Volume 1 5th Edition.
[17] Grossman JD, Getty R. Sisson and Grossman's the Anatomy of the
omestic Animals: Saunders; 1975.
[18] Erdogan S, Kilinc M. Gross anatomy and arterial vascularization of
H the tympanic cavity and osseous labyrinth in mid-gestational bovine
. The authors declare that they have no conflict of fotusts. Anat Rot 2010 203(12): 2083.93.
interest. https://doi.org/10.1002/ar.21269
[19] Padmini M, Rao BJIJAR. Morphological variations in human fetal ear
REFERENCES g(s)ﬁl;ljs(-;) ‘stt(;{c;y. International Journal of Anatomy and Research
X X i [20] Simaei N, Soltanalinejad F, Najafi G, Jalali AS, editors. Anatomical

Bl Janations of Middle Ear Gesicles and its Ginical Implications. Journal and morphomerical study of middle ear ossices in 2 o 3-monitrold
attgs“-r/‘/lgﬁ: ﬁ:;’/ 1%?%%%7385;7;8;‘;?2%%%2 ;11‘(117) ACO1-AC4. Veterinary Medicine, Urmia University, Urmia, Iran.

j . o = . . [21] Sodhi S, Sing Z, Lal J. Morphometric dimensions of human ear

2 Burda H, Bruns V, Hickman GC. The ear in subterranean insectivora ossicles of males. National Journal of Medical Research 2017; 7: 47-
and rodentia in comparison with ground-dwelling representatives. I. 51
Sound conducting system of the middle ear. J Morphol 1992; 214(1): ’ . .

49-61. [22] Kurtul I, Cevik A, Bozkurt EU, Dursun N. A detailed subgross
https://doi.org/10.1002/jmor.1052140104 mggppimetr:j_ itllltéy gn trgoggdistg% 02552)0';25 of the New Zealand
) . . rabbit. Anat Histol Embryo ; : -52.

Bl Whle 4R, Gaudin TJJA-CMP. On the Cr&(‘g'a' osteology of the yelow https://doi.org/10.1046/..1439-0264.2003.00483.x
armadillo uphractus  sexcintus asypodidae, enarthra,

Placentalia). Anﬁ Carnegie Mus 2004; 73: 117Yp [23] Oschman Z, Meiring JH. A morphometric and comparative study of
th lleus. Acta Anat 1991; 142(1): 60-1.

[4] Laurin M, editor The importance of global parsimony and historical ht?p?f/ld?)rzrq/?(ﬁ1%%/0001;17162 )
bias in understanding tetrapod evolution. Part |. Systematics, middle - - )
ear evolution and jaw suspension. Annales des Sciences Naturelles- [24] Masuda Y, Honjo H, Naito M, Ogura Y. Normal development of the
Zoologie et Biologie Animale; 1998: Elsevier. middle ear in the mouse: a light microscopic study of serial sections.
https://doi.org/10.1016/S0003-4339(98)80132-9 Acta Med Okayama 1986; 40(4): 201-7.

[5] Clack JA, Allin E. The evolution of single-and multiple-ossicle ears in [25] Schonfelder J, Zschackel MJGmJ. Postnatal development of the
fishes and tetrapods. Evolution of the vertebrate auditory system: sound-transporting apparatus in the middle ear of rabbits.
Springer; 2004. p. 128-63. Gegenbaurs Morphol Jahrb 1985; 131(1): 31-41.
https://doi.org/10.1007/978-1-4419-8957-4_5 [26] Unur E, Ulger H. Morphometrical and morphological variations of

6] Allin EF. Evolution of the mammalian middle ear. J Morphol 1975; middle ear ossicles in the newborn. Erciyes Medical Journal 2002; 24:
147(4): 403-37. 57-63.
https://doi.org/10.1002/jmor.1051470404 [27] Sarrat R, Garcia Guzman A, Torres A. Morphological variations of

[7] Hall BK. Evolutionary developmental biology: Springer Science & human ossicula tympani. Acta Anat 1988; 131(2): 146-9.

Business Media; 2012. https://doi.org/10.1159/000146503

[8] Fleischer G. Evolutionary principles of the mammalian middle ear: [28] Noussios G, Chouridis P, Kostretzis L, Natsis K. Morphological and
Springer Science & Business Media; 2013. Morphometrical Study of the Human Ossicular Chain: A Review of the

(9] Mallo M. Formation of the outer and middle ear molecular Literature and a Meta-Analysis of Experience Over 50 Years. J Clin

v ; ey ) Med Res 2016; 8(2): 76-83.
mechanl;ms. Curr Top Dev Biol 2003; 57: 85-113. https://doi.ora/10.14740/jocmr2369w
https://doi.org/10.1016/S0070-2153(03)57003-X

[10] Mallo M. Formation of the middle ear: recent progress on the [29] Mogra K, Gupta S, Chauhan S, Panwar LJIJoH, Research B.

. -9 - Morphological and morphometrical variations of malleus in human
developmental and molecular mechanisms. Dev Biol 2001; 231(2): cadavers. J Clin Med Res 2014; 2: 186-92.
ﬂgf// o1 0ra/10.1006/dbio.2001.0154 https://doi.org/10.5455/2320-6012.irms 20140562
) y i . ’ L [30] Cherukupally SR, Merchant SN, Rosowski JJ. Correlations between

[l Fekete DM. Development of the vertebrate ear. |n§|ghts from pathologic changes in the stapes and conductive hearing loss in
knockouts and mutants. Trends Neuroscience 1999; 22(6): 263-9. otosclerosis. Ann Otol Rhinol Laryngol 1998; 107(4): 319-26.

[12] Kuratani S, Satokata |, Blum M, Komatsu Y, Haraguchi R, Nakamura https://doi.org/10.1177/000348949810700410
S, et al. Middle ear defects associated with the double knock out [31] SanMartin J, Rauch SD, Moscicki RA. Bovine temporal bones as a
lrzu;‘;fg) ?gggrrse(s%‘?gzzcgg and Msx1 genes. Cell Mol Biol (Noisy- source of inner ear antigen. Ann Otol Rhinol Laryngol 1992; 101(8):

- ’ : I 688-90.

[13] Khanna SM, Tonndorf J. Middle ear power transfer. Arch Klin Exp https://doi.org/10.1177/000348949210100812
Ohren Nasen Kehlkopfheilkd 1969; 193(1): 78-88.
https://doi.org/10.1007/BF00417239

Received on 06-12-2020 Accepted on 02-01-2021 Published on 03-03-2021

https://doi.org/10.12970/2310-0796.2021.09.02

© 2021 Dehkordi et al.; Licensee Synergy Publishers.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.



