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Background: The aim of the study was to determine morphometric and macro-
anatomic features of auditory ossicles and the tympanic bulla in wolf. 
Materials and methods: For this purpose, 7 skulls of adult male wolf were used 
in the study. Auditory ossicles was photographed on a dissection microscope 
after it was removed from the skull. A total of 14 morphometric measurements 
were taken among the different points of malleus, incus and stapes in Image J 
programme. Mean values of the measurements were obtained and statistically 
compared in terms of sides (right-left). 
Results: In male wolves, the lengths of the right and left malleus were deter-
mined as mean 9.35 ± 0.14 and 9.57 ± 0.25 mm, the lengths of the incus as 
mean 3.01 ± 0.32 and 2.94 ± 0.16 mm, and the lengths of the stapes as mean  
2.57 ± 0.12 and 2.59 ± 0.14 mm, respectively. The differences were not statis-
tically significant when all the morphometric parameters were compared in terms 
of sides (p > 0.05). 
Conclusions: It is considered that this study will contribute to the anatomical 
studies to be conducted in the Canidae family regarding auditory ossicles. (Folia 
Morphol 2019; 78, 3: 600–605)
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INTRODUCTION
The grey wolf (Canis lupus), also known as the 

timber wolf or western wolf, is a canine native to the 
wilderness and remote areas of Eurasia and North 
America [23]. It is the largest extant member of the 
Canidae family, with males having an average weight 
of 43–45 kg and females having an average weight 
of 36–38.5 kg. Like the red wolf, it is distinguished 
from other Canis species by its larger size and less 
pointed features, particularly on the ears and muzzle. 
Its winter fur is long and bushy, and predominantly 
a mottled grey in colour although nearly pure white, 
red, or brown to black also occur [16].

The tympanic cavity is filled with air and sur-
rounded by the mucous membrane in the temporal 
bone (os temporale) of the middle ear. In domestic 
animals, the tympanic bulla (bulla tympanica) is  
a bulging bone of the temporale bone that is filled 
with air and extend on the ventral surface of the 
skull. The middle ear communicates to the external 
acoustic canal by the tympanic membrane (mem-
brana tympanica) and communicates with the na-
sopharynx by the auditory tube (tuba auditiva). The 
connection between the middle ear and the pharynx 
is closed except for swallowing or yawning. The 
opening of this connection allows the air pressure 
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between the external ear and the middle ear to be 
balanced [5].

Auditory ossicles (ossicula auditivus) are located 
in the petrous part (pars petrosa) of the temporal 
bone and in the dorsal of cavum tympani. These are 
found as malleus, incus, and stapes, respectively, 
from the surface to the deep between the tympanic 
membrane and the vestibular fenestra (fenestra vesti-
buli). Also in young animals, there may be a separate 
ossicle between the incus and stapes, which is called 
lenticular bone (os lenticulare). This ossicle bonds 
with the incus in advanced ages and develops the 
lenticular process (processus lenticulare) [11]. While 
the malleus coheres to the tympanum, the stapes 
coheres to the vestibular fenestra [25]. Auditory os-
sicles transfer the sound vibrations in the tympanic 
membrane from auris media to auris interna [11]. The 
malleus consists of the following parts: the handle of 
the malleus (manubrium mallei), head of the malleus 
(caput mallei) and neck of the malleus (collum mallei). 
The incus is composed of the body of the incudis 
(corpus incudis), long crus (crus longum), lenticular 
process (processus lenticulare) and short crus (crus 
breve). The stapes is composed of the head of the 
stapes (caput stapedis), rostral crus (crus rostrale), 
caudal crus (crus caudale) and base of stapes (basis 
stapedis) [4, 21]. 

In the literature review, the data related to the 
anatomy of auditory ossicles in different animal spe-
cies [2, 8, 9, 12, 14, 18, 22, 26, 27] were shown. 
However, the number of studies determining the 
morphometric values of auditory ossicles is limited 
[3, 7, 13, 18]. For this reason, our study was aimed 
to determine the morphometric and macroanatomic 
properties of ossicula auditus of the wolves.

MATERIALS AND METHODS
In the study, 7 skulls of adult male wolf were used. 

Necessary approval for the study was obtained from 
Mehmet Akif Ersoy University Animal Experiments Lo-
cal Ethics Committee (No: 2017/299). Classical mac-
eration process was applied to the skulls. Then, width 
and length of bulla tympanica were measured by using  
a digital calliper (0.01, BTS, UK.). Later, ossicula auditus 
found in cavum tympani was removed from meatus 
acusticus externus. Morphometry of auditory ossicles 
was determined according to the method applied by 
Kurtul et al. [13]. Accordingly, after auditory ossicles 
was photographed by a stereo microscope (Leica S6D), 
14 morphologic measurements were taken among dif-
ferent points in the Image J programme (Fig. 1). Audi-
tory ossicles and its anatomical structures were named 
according to the Nomina Anatomica Veterinaria [10]. 

Statistical analysis

Mean and standard deviation values of all the 
measurements obtained were analysed by using Sta-
tistical Package for the Social Sciences (IBM, SPSS, 
20.0 version) programme. Independent samples t-test 
was applied in order to determine the differences in 
auditory ossicles in terms of sides (right, left). 

Measurement points determined  
on auditory ossicles 

Measurement points determined on auditory ossi-
cles are fallowing: LI — length of incus, LSC — length 
of short crus, LLC — length of long crus, HBI — height 
of the body of incudis, WBI — width of the body 
of incudis, LM — length of malleus, LHM — length 
of head of mallei, WHD — width of head of mallei, 
LHM — length of the handle of mallei, LS — length 

Figure 1. Medial and lateral view of the malleus; R — right; L — left; 1 — head of the malleus; 2 — neck of the malleus; 3 — handle of the 
malleus; 4 — rostral process; 5 — muscular process; 6 — lateral process; 7 — ossicular lamina.
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of stapes, WHS — width of the head of stapes, WBS 
— width of base of stapes, LCC — length of caudal 
crus, LRC — length of rostral crus (Fig. 2).

RESULTS 
In the study, it was observed that ossicula auditus 

were composed of the malleus, incus, and stapes 
(Figs. 1, 3, 4). The lenticular bone was found to be 
lenticular process by cohering with the long crus of 
incus (Fig. 4). 

It was determined that the malleus was composed 
of the handle of malleus, head of malleus, and neck 
of malleus. There was an articular surface (facies artic-

ularis) specific to the articulation of the body incudis 
on the caudal side of the head of malleus. It was 
observed that the handle of malleus was embedded 
to tympanic membrane (membrana tympani). It was 
observed that the muscular process (processus mus-
cularis) and rostral process (processus rostralis) on the 
malleus were longer than lateral process (processus 
lateralis). There was an ossicular lamina between the 
rostral process, neck of malleus and head of malleus 
on the malleus (Fig. 1). 

The incus was smaller than the malleus and it 
was composed of the body of incus, long crus and 
short crus. Articular surface of the incus was present 

Figure 2. Measurement points taken from auditory ossicles. Abbreviations — see text.

Figure 3. Left and right side of the incus; L — left; R — right; 1 — body of the incus; 2 — short crus; 3 — long crus; 4 — lenticular process.
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at the level of cranial side of the body of incus. This 
joint ridge was spherical. The long crus and short crus 
extended transversally and were located caudoventral 
and caudodorsal, respectively. The long crus was 
parallel to the neck of mallei. It was determined that 
lenticular process cohered with the long crus (Fig. 3). 

The stapes was found to be smaller than the mal-
leus and incus and it was composed of the head of 
the stapes, rostral crus, caudal crus, base of the stapes 
and muscular process. There was stapedial membrane 
between the rostral crus and caudal crus. There was 
articular surface for the articulation of the lenticular 
process on the head of the stapes. The rostral crus 
was slightly longer than the caudal crus. When the 
stapes was triangle, the base of the stapes was el-
liptical (Fig. 4).  

While Table 1 shows the morphometric values of 
auditory ossicles determined in male wolves, Table 2 
shows the morphometric data of the tympanic bulla. 

Lengths of the right and left malleus, incus and sta-
pes were determined as mean [mm] 9.35 ± 0.14/9.57 ±  
± 0.25, 3.01 ± 0.32/2.94 ± 0.16 and 2.57 ± 0.12/2.59 ± 
± 0.14, respectively. No statistical difference was ob-
served when all the morphometric data of auditory 
ossicles were compared in terms of sides (p > 0.05).

In our study, it was determined that the length of 
the tympanic bulla (right side: 32.65 mm, left side: 
32.69 mm) was higher than its width (right side: 
22.78 mm, left side: 22.80 mm). The statistically 
differences were not important when all the morpho-

metric data of the tympanic bulla were compared in 
terms of sides (p > 0.05).  

DISCUSSION
Tympanic bulla was morphometrically examined 

in the pig and cattle in the previous studies [20]. Also 
morphometric examinations have been performed on 
the auditory ossicles of New Zealand rabbit [13], ham-
ster [18], donkey [3], and Malakan horse [7]. However, 

Table 1. Morphometric values of auditory ossicles [mm]

Morphometric 
measurements

Right side of  
ossicula auditus

Left side of  
ossicula auditus

LI 3.01 ± 0.32 2.94 ± 0.16

LSC 2.73 ± 0.65 2.68 ± 0.35

LLC 3.09 ± 0.23 3.09 ± 0.26

HBI 1.73 ± 0.25 1.81 ± 0.14

WBI 2.26 ± 0.14 2.29 ± 0.34

LM 9.35 ± 0.14 9.57 ± 0.25

LHM 1.60 ± 0.12 1.72 ± 0.30

WHD 2.16 ± 0.14 2.10 ± 0.36

LHM 6.73 ± 0.67 7.10 ± 0.58

LS 2.57 ± 0.12 2.59 ± 0.14

WHS 0.49 ± 0.12 0.54 ± 0.08

WBS 2.01 ± 0.21 2.01 ± 0.19

LCC 2.51 ± 0.03 2.48 ± 0.03

LRC 2.77 ± 0.09 2.73 ± 0.12

Abbreviations — see text

Figure 4. Left and right side of the stapes; L — left; R — right; 1 — head of the stapes; 2 — Caudal crus; 3 — rostral crus; 4 — base of the 
stapes; 5 — muscular process; 6 — stapedial membrane.
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no study regarding the morphometry of the auditory 
ossicles in wolves belonging to the family of canidae 
are available in the literature. This is the first study 
to evaluate morhometrically auditory ossicles in the 
wolves. Nevertheless, the study has some limitations. 
These limitations include tha fact that the wolf used 
as the study material is highly wild and hard to obtain 
and therefore the material of female wolves could not 
be reached. Besides, male wolves used in the study 
were died due to natural causes and traffic accidents.

In the literature [2, 4, 13, 19, 27], it was specified 
that the neck of the mallei have three processes: the 
rostral, muscular and lateral. Also, it was reported 
that the lateral process and muscular process were 
not clear on the malleus in the donkey [3] and Mala-
kan horse [7]. In the present study, it was observed 
that the muscular process and rostral process on the 
malleus were longer than the lateral process.

When the macroanatomic structure of the incus 
was considered, it was observed that it was similar 
to the information stated by the researchers [6, 11]. 

König and Liebich [11] reported that the lenticular 
bone is a separate ossicle in young animals. In the 
present study, it was observed that the lenticular bone 
was in the form of lenticular process in accordance 
with the literature [13]. 

In the literature [1, 13, 15], it was mentioned that 
there is a muscular process on the stapes. Similarly, it 
was specified that the muscular process on the stapes 
was clear in this study. Botti et al. [2] notified that 
the stapes was of rectangular shape in ruminantia. In 
this study, stapes was in a triangle form, which was 
compatible with the literature [6, 11]. Kurtul et al. [13]  
reported that the base of the stapes was oval in the 
rabbit. However, it was observed that the base of the 
stapes was in elliptical form in male wolves.

Table 2. Morphometric data of the tympanic bulla (TB) [mm]

Morphometric 
measurements

Right side Left side

Width of TB 22.78 ± 1.55 22.80 ± 1.34

Length of TB 32.65 ± 1.43 32.69 ± 3.14

Height of TB 16.68 ± 1.25 16.80 ± 1.43

Table 3. Morphometric values of the tympanic bulla (TB) accor-
ding to animal species [mm]

Morphometric 
measurements

Male wolf Cows 
[22]

Pigs 
[22]Right side Left side

Width of TB 22.78 22.80 18.58 21.03

Length of TB 32.65 32.69 38.67 25.97

Height of TB 16.68 16.80 45.73 33.33

Table 4. Some morphometric data of auditory ossicles according to the animal species [mm]

Canis lupus New Zealand rabbit Male  
Malakan 
horse [20]

Male 
Donkey  

[19]

Macaque 
monkey [27]

Hamster 
[18]

Cat  
[28]Right side Left side Right side 

[17]
Left side 

[17]

LI 3.01 2.94 2.78 2.59 4.11 2.73 3.42 1.18 2.52

LSC 2.73 2.68 0.52 0.46 4.22 1.70

LLC 3.09 3.09 1.27 1.21 4.82 0.89

HBI 1.73 1.81 1.28 1.12 2.61 2.27 0.58

WBI 2.26 2.29 1.03 0.91 4.05 1.06 0.46

LM 9.35 9.57 5.28 5.00 9.97 7.78 4.93 2.86 4.48

LHM 1.60 1.72 2.63 2.58 1.16

WHD 2.16 2.10 1.28 1.20 2.94 1.41 0.49

LHM 6.73 7.10 3.80 3.58 5.64 3.32 1.50

LS 2.57 2.59 1.95 1.49 3.25 3.41 1.76 0.76 1.67

WHS 0.49 0.54 0.61 0.45 1.41 1.15 0.20

WBS 2.01 2.01 1.47 1.32 2.87 0.87 0.89

LCC 2.51 2.48 0.55 0.44 3.32 1.59 0.49

LRC 2.77 2.73 0.79 0.59 3.06 1.71 0.39

Abbreviations — see text
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Table 3 shows comparative morphometric data 
of the tympanic bulla in different animal species 
[25]. Accordingly, it was found that the width of the 
tympanic bulla in wolves was higher than in cattle 
and pig and its height was less.

In the literature [13], it was reported that the 
morphometric values of right auditory ossicles was 
significantly larger than that of left auditory ossicles 
in New Zealand rabbit (p < 0.05). Demiraslan et al. [3]  
specified that some morphometric parameters of  
the incus and stapes at right and left hand side (LI, 
LSC, LS, WBS, LRC, LCC) were statistically different 
in the donkey (p < 0.05). Consistent with previous 
study [7], it was determined that the morphometric 
parameters of the right and left auditory ossicles of 
the wolf were not statistically different (p > 0.05). 

Table 4 shows some comparative morphomet-
ric data of auditory ossicles of macaque [28], New 
Zealand rabbit [13], donkey [3], Malakan horse [7], 
hamster [18] and cat [24]. According to this, it was 
seen that some numerical values of the morphometric 
measurements of auditory ossicles of wolves were 
higher compared to donkey.  

CONCLUSIONS
In our study, morphometric values of the tympan-

ic bulla and auditory ossicles were determined in 7 
male wolves (Canis lupus) which were wild animals. 
The morphometric values of right and left auditory 
ossicles were compared, the differences were not 
statistically significant (p > 0.05) in male wolves. We 
consider that the present study would contribute to 
the macroanatomic, morphometric and osteoarchae-
ological studies that are planned to be conducted in 
the Canidae family.
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