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ABSTRACT

The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named
malleus (hammer), incus (anvil), and stapes (stirrup). The malleus was the most peripheral and was composed of a head, neck, and manubrium. The
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral,
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm=0.009, and appeared slightly curved. The shape of the
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only
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on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.
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In ways that humans cannot, animal models of
middle ear surgery enable us to investigate disease
mechanisms. According to the authors, the ear underwent a
protracted evolutionary process lasting more than 300
million years. Mammals have been known to have three
ossicle assemblies (Amin and Tucker, 2006); Takechi and
Kuratani, (2010), while birds have a unique circumstance
where just one ossicle-the Columella auris-is known to
exist (Anthwal ef al., 2013; Besoluk et al., 2019; Claes et
al.,2016; Mills, 1994; Takechi and Kuratani, 2010). It has
been claimed that stapes is the name given to the same
bony structure in reptiles and proposed that the articular
and quadrate bone in non-mammals serve as analogues of
the malleus and incus described in mammals (Anthwal et
al., 2012). Goats are known as excellent models for
experimental scientific studies, reconstructive surgical
procedures of the ossicular chain, and training in human
ear surgery due to the size of the middle ear and anatomical
similarities with human ossicles.

The Malleus, Incus, and Stapes have all evolved
from the jawbones of mammals and the Columella auris of
reptiles, respectively. These three tiny bones are irregularly
shaped and laterally located in the tympanic cavity. This
articulated chain of ossicles connects the tympanic
membrane and medial wall of the tympanic cavity which
transfers sound from the tympanic membrane to the
cochlea through an oval window (Ludman and Wright,
2006); Strandring (2008). As a transformer of air acoustic
energy’s impedance towards the fluids of the inner ear, this
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ossicular assembly’s primary job was to mediate the
transmission of vibrations from the tympanic membrane
through the handle of the malleus (Manubrium mallei) and
send them over toward the components of the internal ear
(Wilson, 1987; Keefe, 2015).

In middle ear surgical research, rats and mice are the
most frequently utilized small vertebrate animals. However,
other small vertebrate animals are being used, including
rodents (such as gerbils, chinchillas, and guinea pigs),
rabbits, and cats. The findings can vary greatly since small
animals are morphologically and physiologically different
from humans and show differing middle ear shapes and
sizes (Hemila et al., 1995). Large animal models have also
been examined to better represent the human ear’s
anatomy. For instance, the pig has been considered a
potential animal model; however, experimental methods
are challenging because of the soft and fatty tissues
covering the mastoid process (Schnabl ef al., 2012). In the
present day, due to the widespread trans-canal endoscopic
surgery in humans, especially in the middle ear, goats can
be used as an animal model for studying the middle ear
ossicles due to its advantageous size. The anatomical features
and parameters of the middle ear are frequently utilized to
predict the species’ hearing sensitivity (Hadziomeroviae et
al., 2023). Therefore, the current study was planned to
record various anatomical and morphometrical data
regarding the middle ear ossicles in native Beetal goats
which may help researchers and clinicians in various
interventions.
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MATERIALS AND METHODS

Six freshly slaughtered adult goat heads were
collected from a muncipals laughter house in Ludhiana,
India. The tissues surrounding the tympanic bulla were
removed and the ventral surface of the bulla was cut open.
Access to the ossicular assembly was made from the base/
ventral surface of the tympanic bulla by cutting through the
occipital bone with a bone saw blade at the level of
occipital condyles, and para mastoid processes at an angle
parallel to the ventral surface of the tympanic bulla without
damaging the bony part of the middle ear canal (Fig. 1).
Examination of middle ear structures was done by using a
magnifying lens and stereo zoom microscope. The images
of ear ossicles were captured using an iPhone camera in
macro mode, 12 megapixels. The terminology of all the
anatomical structures was adopted in accordance to
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

Measurements were recorded by using vernier
calipers (Fig. 2). The parameters for the measurements
were the length and width of ear ossicles, the width of the
malleus at the broadest point, vertical diameter, the
thickness of the malleus’ narrow, concave neck, length of
malleus’ manubrium, length of long crus and short crus of
the incus, and length of rostral and caudal crus of Stapes
(Fig. 3). The mean and standard errors of respective data
were calculated using the MS Excel programme. The data
for the length and width at the broadest point were
analysed and presented as graphs with GraphPad Prism
8.0.2. Normality tests were done on all three data sets and
subjected to one-way analysis of variance (ANOVA) and
Tukey’s multiple comparisons test to find statistical
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

The assembly of the three ossicles was disclosed
when the occipital condyles and para mastoid processes
were removed properly. The lateral component was the
malleus, followed by the connection with the incus, and the
most medial one being the stapes. The finding of the
presence of three ossicles’ assembly at the level of the
tympanic cavity was in consonance with the findings in
non-human primates (Borin et al., 2008), sheep (Simaei et
al.,2017), wolves (Giirbiiz ef al., 2019) and rabbits (Guan
et al., 2019). However, Nazih (2017) reported fourth ear
ossicle in donkey.

The malleus or drumstick bone consisted of the
malleus head (Caput mallei), a slightly narrowed neck
(Collum mallei) with three separate processes (lateral,
rostral and muscular) (Processus lateralis, Processus
rostralis and Processus muscularis), and a handle
(Manubrium mallei) (Fig. 4A, B). When viewed from the
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lateral side, the head of the malleus (Caput mallei) had an
overall oval form with a dorso-caudal disposition. Its
medial surface had an articular surface for the incus
(Facies articularis). The neck was tuberous and nearly
flattened near the head. As approached the handle, it was
more cylindrical, and its diameter reduced significantly.
Tensor tympanic muscle insertion was provided by the
muscular process (P. muscularis) on the neck of malleus.
The morphometrical data of Malleus has been presented in
Table 1. The malleus, or drumstick bone, in goats was
0.885+0.009 cm long. It was the longest ear ossicle. The
average width of the malleus at the broadest point was
0.24+0.002 cm. The oval-shaped malleus head had an
average vertical diameter of 0.33+0.009 cm. The malleus’
narrow, concave neck was 0.21+0.005 cm in thickness.
The malleus’ manubrium, or handle, was the longest part
and measured 0.46+0.009 cm in length and had a concave
rostral edge. It was firmly connected to the eardrum and
dragged the center inwards to the tympanic cavity. The
handle of the goat’s malleus bone accounted for roughly
70% of the entire malleus length (HadZiomerovia et al.,
2023). The same observations were reported in goats
(Martonos et al., 2020). But contrast to this, neck of
malleus with only 2 processes, the lateral and rostral, was
reported in Capra aegagrushircus, a subspecies of goat
domesticated from Southwest Asia and Eastern Europe
(Tolba, 2016).

The body of Incus (Corpus incudes) housed two
processes: a short process and a lengthy process (Crus
breve and Crus longum, respectively) (Figs. 5A, B). The
incus was a biradicular molar in shape. The body of incus
had an articular process for malleus on rostral extremity.
Similar observations were reported in camel (Osman and
Arnautovic, 1987) and rabbit (Arnautovic and Osman, 1985).
Contrarily, Martonos et al. (2020) reported that the short
and long crurain Capra hircus were nearly of the same
length, with the long crus projecting obliquely. In addition,
the long root of the incus showed one tiny bone, known as
the lenticular process in rabbits (Kurtul et al., 2003), which
could not be seen in the Beetal goats. The morphometrical
data of Incus has been presented in Table 2. It was a short,
broad bone that was 0.294+0.002 cm long, and 0.35+0.006
cm wide. The cuboidal body of incus was located in the
tympanic cavity caudal to the malleus’ head. The long crus
fall caudoventrally, to make an acute angle with the body,
measuring 0.37+£0.006 cm in length and possessed
lenticular process. The short root, which was 0.23+0.005
cm in length, directed rostro-dorsally, to articulate with the
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

Stapes was the smallest of the three ear ossicles.
Topographically, it was located in between the terminal
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Figs. 1to 7. (1) Steps in reaching the middle ear to locate ear ossicles. (2) (A) Ossicular chain visible inside the middle ear cavity showing 1. Head
of' malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral
surface of tympanic bulla; (B) Ear ossicles taken out of the middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical
measurements by using verniercallipers. (3) Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus,
and C) Stapes. (4) Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to
manubrium of the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5). (5) Incus of goat showing long process of incus (1), body of incus
(2), short process of incus (3), articular facet for stapes (4), and medial depression (5). (6) Stapes of goat showing head (1), rostral crus (2), Obturator
foramen (3), Footplate (4) and Caudal crus (5). (7) Graphical representation of average length (A) and width at the broadest point (B) of three ear
ossicles and their statistical analysis.

Table1. Morphometrical data on the malleus of beetal goat (in cms)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium

(cm) point (cm) (cm) of head of'the neck length (cm)
Mean + SE 0.885+0.009 0.24+0.002 0.33+£0.009 0.21+0.005 0.46:+0.009
Table2. Morphometrical data on incus of beetal goat (in cms)
Parameter length Width Length oflong crus Length of short crus
Mean + SE 0.29+0.002 0.35+£0.006 0.37+£0.006 0.23+0.005
Table3. Morphometrical data on stapes of beetal goat (in cms)
Parameter length Width Length of rostral crus Length of caudal crus
Mean=+SE 0.27+0.004 0.2£0.005 0.26+0.008 0.2+0.006

facet on the short crus of the incus and the vestibular or  caudale) and a foot plate (Basis stapedis). The head of
oval window connecting the middle ear to the inner ear  stapes contained an articular facet for incus. The caudal
(Figs. 6A, B). It was deeply excavated and could be found ~ margin of the stapes showed a process for insertion of the
below the chorda tympani nerve branch of the facial nerve.  stapedius muscle (Membrana stapedius). Between the two
It was placed in dorso-medially oblique orientation. The = arms of stapes, it enclosed an oval space known as
shape of stapes was like a triangle with a head (Caput  obturator/intercrural space. The base or footplate of the
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus ~ stapes was ellipsoid in shape, and its medial surface was
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attached to an oval or vestibular window by means of an
annular ligament (Annularesta pedis). The Stapes in Beetal
goats under present study had a similar shape to those in
guinea pigs (Albuquerque et al., 2009), degu and paca,
hamsters (Mohammadpour, 2010), Chinese bamboo rats
(Plestilova et al., 2016), and wolves (Glirbiiz et al., 2019).
The morphometrical data of Stapes has been presented in
Table 3. It measured 0.27+0.004 cm in length and 0.2+
0.005 cm in width. The rostral crus measured 0.26+0.008 cm
in length and was concave, curved and longer than the caudal
one. The caudal crus were convex and 0.2+0.006 cmin length.

The data analysis of the length of the three ear
ossicles (Fig. 7A) showed that Malleus was significantly
longer than the other two ear ossicles (P<0.0001). No
significant difference in the length of Incus and Stapes was
observed. The Incus was the widest ear ossicle and Stapes
was the narrowest of the three (Fig. 7B). Our results
regarding the length of the rostral crus being larger than the
caudal crus correlated with earlier findings in goats (Tolba,
2016). On the contrary, the two roots were equal in length,
according to (Osman & Arnautovic, 1987) in camel and
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr
et al., 2010). An earlier study in goats (Martonos et al.,
2020) recorded the presence of a spicule on the caudal crus
of stapes crossing onto the obturator/intercrural space,
which was not found in our study.

CONCLUSION

This study’s major goal was to present a detailed
morphological description and some morphometrical
information about the auditory ossicles in Beetal goats.
Combining all the data in this way could be a great
educational tool for studying the comparative morphology
of the middle ear and suggest some fresh research areas.
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