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Abstract: The Egyptian mongoose (Herpestes ichneumon) is on the International Union for Conservation of Nature’s Red List of Threatened Species,
and very little information is available on its morphometric characteristics. This study aimed to create the three-dimensional (3D) reconstruction
of the pelvis, femur and crus bones in the hind limb of the Egyptian mongoose using two-dimensional (2D) multidetector computed tomography
(MDCT) images, perform morphometric measurements on these models, and compare these measurements to other Carnivora members described
in the literature. For this purpose, MDCT was performed on the hind limb bones of two adult mongooses (one male, one female) who died as a
result of traffic accidents at different times and were brought to the anatomy laboratory, and the data were stored in the DICOM format. These
images were transferred to a computer with 3D reconstruction software Mimics 14.1 loaded, and the reconstruction of the hind limb bones was
undertaken. Some morphometric measurements were performed from the 3D models of the pelvis, femur and crus bones. Also, cortical thickness,
endosteal and periosteal diameter values of the femur and tibia were measured using MDCT images. According to the results, the measurements
of the male mongoose were larger than those of the female mongoose, except for the angle of arcus ischiadicus. The Egyptian mongoose was found
to have a minor form among the members of the order Carnivora. It is expected that the morphometric measurements revealed as a result of this
study will contribute to the knowledge concerning wild animals and guide future clinical studies.
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Kuyruk Siiren (Herpestes ichneumon) Arka Bacak Kemiklerinin (Pelvis,
Femur ve Crus) U¢ Boyutlu Rekonstriiksiyon Goriintiileri Kullanilarak
Morfometrik Analizi

Oz: Kuyruk stiren (Herpestes ichneumon), Uluslararas1 Dogay1 Koruma Birligi Tehdit Altindaki Tirlerin Kirmizi Listesinde yer almaktadir ve
morfometrik 6zellikleri hakkinda ¢ok az bilgi mevcuttur. Bu ¢aliymanin amacy; arka ekstremitenin yapisinda bulunan pelvis, femur ve crus
kemiklerinin iki-boyutlu (2B) multidedektor bilgisayarli tomografi (MDBT) goriintiilerini kullanarak, ti¢-boyutlu (3B) rekonstriiksiyonlarini
olusturmak ve bu modeller tizerinden alinan morfometrik 6l¢ctimleri ortaya koyarak, literatiirde bulunan Carnivor ile karsilastirmaktir. Bu amagla
farkli zamanlarda trafik kazasi sonucu 6len ve Anatomi laboratuvarina getirilen eriskin 2 adet (1 erkek, 1 disi) kuyruk stiren’in arka ekstremite
kemiklerinin MDBT goriintiileri alindiktan sonra, veriler DICOM formatinda stoklandi. Bu gériintiiler 3B rekonstriiksiyon programi olan
Mimics 14.1’in yiiklii oldugu bir bilgisayara aktarilarak, arka ekstremite kemiklerinin rekonstriiksiyonlar1 gergeklestirildi. Pelvis, femur ve crus
kemiklerinin 3B modellerinden bazi morfometrik 6lgiimler alindi. Ayrica femur ve tibianin kortikal kalinli1, endosteal ve periosteal cap degerleri
MDBT gbriintiileri kullanilarak 8l¢iildii. Olgiim sonuglarina gore, erkege ait degerlerin arcus ischiadicus agist disinda disiye ait olanlardan daha
biiyiiktii. Kuyruk siiren’in Carnivora takiminin tiyeleri arasinda kiigiik bir yaprya sahip oldugu tespit edildi. Bu galisma sonucunda ortaya konulan
morfometrik 6l¢im degerlerinin yaban hayvanlarinin bilgi birikimine katki saglamasi ve klinik uygulamalarda yardimci olmas: beklenmektedir.

Anahtar sozciikler: Karnivor, Kuyruk siiren, Morfometri, Ug-boyutlu rekonstriiksiyon, Yabani hayvan

INTRODUCTION is found across the African continent, from the Sinai

Peninsula in the Levant to the south of Turkey, as well as
The Egyptian mongoose (Herpestes ichneumon) is a member i the southwest of the Iberian Peninsula in Europe @
of the family Viverridae from the order Carnivora ". It In Turkey, it has a limited habitat in Hatay, Mersin, Adana,
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and Aydin . It generally lives in villages and rural areas,
and does not hesitate to approach residential areas in
search of food. Therefore, some mongooses can be found
dead on roadsides as a result of traffic accidents .. Since
the mongoose legs are short, their movement is like
crawling on the ground . While it has the ability to
dig into the ground to change its nest, it lacks climbing
skills 1°1.

Among the members of the Carnivora, the hind limbs only
carry the animal forward °!. This has a stronger effect on
the shaping of the movement than the front extremities "\,
The morphology of these bones is very important, since
the hind limb bones provide most of the driving force ..
Animal bone morphometry studies provide important
data for many scientific fields ..

Three-dimensional (3D) models are created by the 3D
reconstruction of data obtained from two-dimensional
(2D) imaging modalities, such as computed tomography
(CT), magnetic resonance imaging (MRI), and X-ray "%,
Since measurements performed on 3D models are very
sensitive, they are used for measurement and assessment.
In addition, models can be customized to cut, flip, and
rotate images "'l 3D models are also very useful in
planning surgery and creating prostheses 2.,

A review of the literature on the mongoose shows that
there are studies performed on their body morphology and
metric measurements ©, investigating their karyological and
some morphological features ¥, and examining their skull
morphology ¥, as well as comparing the craniometric
measurements of mongooses living in Asia and Africa "4,
In addition, research has been undertaken on the
extremities of many members of the order Carnivora,
including morphometric studies on the pelvis of the
retriever and German shepherd dog breeds, and the red
fox *'7), microanatomic investigation of the hind bones
of the lynx (Lynx lynx) "%, comparison of the long bones
of the modern red fox (Vulpes vulpes) and arctic fox
(Alopex lagopus) "), measurements of the canine fore and
hind bones *, 3D reconstruction and morphometric
analysis of the long bones of the hind limb and hip
bones (ossa coxae) of the Van cat ?'??, and 3D model
measurements performed from the ossa cruris of the
brown bear (Ursus arctos) ).

This study was conducted to create the 3D reconstruction
of the pelvis, femur and crus bones in the hind limb using
2D MCDT, perform morphometric measurements using
these models, and compare these measurements to other
Carnivora members described in the literature.

MATERIAL AND METHODS
Ethical Approval

This study was performed with permission from the

Turkish Ministry of Forestry and Water Management
(permission number: 92554751-445.04-148699). Ethical
approval was obtained from the Research Ethics Committee
of Cukurova University on December 7, 2021 (decision
number: 14/05).

Animals

In this study, two adult mongooses (Herpestes ichneumon)
[(one male (4.5 kg), one female (4.2 kg)] were used. Both
mongooses died at different times by hitting their heads
in traffic accidents and were brought to the anatomy
laboratory. The cadavers were in good condition with
intact hind limb bones.

Study Design

The animals were placed in the prone position to obtain
MDCT images. The parameters of the MDCT instrument
(Somatom Sensation 64; Siemens Medical Solutions,
Germany) were adjusted as follows: physical detector
collimation, 32 x 0.6 mm; final section collimation, 64 x
0.6 mm; section thickness, 1 mm; gantry rotation time;
330 msec; kVp; 120; mA, 300; resolution, 512 x 512 pixel;
and resolution range, 0.92 x 0.92. The dosage parameters
and scans were in agreement with standard protocols
described in the literature ***|. Radiometric resolution
(MONOCHROME?2; 16 bits) was obtained at the lowest
radiation level with optimum image quality. The images
were stored in the DICOM format and transferred
to a personal computer containing the 3D modelling
software Mimics 14.1. (Materialise Group, Belgium).
The boundaries of the pelvic bones (os coxae, sacrum),
femur, and crus bones (tibia, fibula) were determined
using the same software. The demarcated images were
overlapped, and reconstruction was performed with this
translator program. Mimics 14.1 program was used for
measurements on 3D models.

Measurements

In this study, the measurements of the pelvic cavity and
os coxae (1. dorsal transverse diameter, 2. intermediary
transverse diameter, 3. ventral transverse diameter, 4. right
sacrocotyloid diameter, 5. left sacrocotyloid diameter, 6.
angle of arcus ischiadicus, 7. length of ischium, 8. total
length of the symphysis pelvis, 9. mid-pubis width 10.
cranial transverse diameter, 11. medial transverse diameter,
12. caudal transverse diameter, 13. total length of pelvis,
14. length of ilium, 15. length of pubis, 16. greatest length
of the foramen obturatorium, 17. greatest width of the
foramen obturatorium, 18. conjugata vera, 19. conjugata
diagonalis, 20. vertical diameter, and 21. inclinatio pelvis),
the femur (1. total length of femur, 2. distal width of
femur, 3. femoral head diameter, 4. narrowest neck width,
5. proximal width, 6. angle between center of head of
femur and center point of fossa trochanterica), the fibula
and tibia (1. total length of the fibula, 2. width of fibula at
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mid-shaft, 3. mid-shaft transverse diameter of the corpus
tibia, 4. greatest breadth of the proximal end of the tibia,
5. greatest breadth of the distal end of the tibia, 6. total
length of the tibia, 7. angle between medial and lateral
malleolus) were performed using the 3D computer model

Fig 1. Cranial and caudal view of the femur: 1. total length of the femur,
2. distal width of the femur, 3. femoral head diameter, 4. narrowest neck
width, 5. proximal width of the femur, 6. angle between center of head of
femur and center point of fossa trochanterica

of each bone according to the literature #1¢1921:2627] (Fig. ],
Fig. 2, Fig. 3, Fig. 4, Fig. 5). The cortical thickness (medial
and lateral aspects) of the femur and tibia in the proximal,
mid-shaft and distal were measured using tomography
sections ?*! (Fig. 6). Also endosteal diameter and periosteal

Fig 3. Ventral view of the pelvic cavity: 1. dorsal transverse diameter, 2.
Intermediary transverse diameter, 3. ventral transverse diameter, 4. right
sacrocotyloid diameter, 5. left sacrocotyloid diameter, 6. angle of arcus
ischiadicus, 7. length of ischium, 8. total length of the symphysis pelvis,
9. mid-pubis width

Fig 2. Cranial view of the fibula and tibia: 1. total length of the fibula, 2.
width of the fibula at mid-shaft, 3. mid-shaft transverse diameter of the
corpus tibia, 4. proximal width of the tibia, 5. distal width of the tibia,
6. total length of the tibia, 7. angle between medial and lateral malleolus

Fig 4. Dorsal view of the pelvic cavity: 1. cranial transverse diameter, 2.
medial transverse diameter, 3. caudal transverse diameter, 4. total length of
pelvis, 5. length of ilium, 6. greatest width of the foramen obturatorium, 7.
greatest length of the foramen obturatorium, 8. length of pubis
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Fig 5. Lateral view of the pelvic cavity: 1. conjugata vera, 2. conjugata
diagonalis, 3. vertical diameter, 4. inclinatio pelvis

Fig 6. Measurements taken at the proximal, mid-shaft and distal level on
MDCT images: 1. medial cortical thickness at proximal, 2. lateral cortical
thickness at proximal, 3. medial cortical thickness at mid-shaft, 4. lateral
cortical thickness at mid-shaft, 5. medial cortical thickness at distal, 6.
lateral cortical thickness at distal

diameter in X-axis and Y-axis direction of the femur and
tibia were taken from MDCT images **! (Fig. 7).

RESULTS

The first of the bone forming the os coxae, the os ilium,
was in sagittal position; the second bone, os pubis, was in
cranio-caudal position and the third bone, os ishcii, was
in horizontal position. The shape of the pelvis was narrow
and small. Aperture pelvis cranialis was highly oblique
(Fig. 3, Fig. 4. Fig. 5).

The data of the morphometric values obtained from the
3D model of the mongoose are showed in Table I and
Table 2. All the measurements, except the angle of arcus
ischiadicus, which is one of the measurement values of the
pelvis, indicated greater values in the male mongoose than

Fig 7. Measurement of endosteal and periosteal diameters at the mid-shaft
of the long bone on MDCT: 1. endosteal diameter in X-axis direction, 2.
endosteal diameter in Y-axis direction, 3. periosteal diameter in X -axis
direction, 4. periosteal diameter in Y-axis direction

Table 1. Results of the morphometric measurements of the pelvic cavity obtained

m 3D reconstruction

Measurements Female Male
Dorsal transverse diameter (mm) 24.26 25.24
Intermediary transverse diameter (mm) 23.07 24.94
Ventral transverse diameter (mm) 15.64 16.93
Right sacrocotyloid diameter (mm) 26.14 31.72
Left sacrocotyloid diameter (mm) 26.03 31.72
Angle of arcus ischiadicus (°) 50.43 45.30
Length of ischium (mm) 35.78 40.77
Total length of the symphysis pelvis (mm) 9.98 14.72
Mid-pubis width (mm) 1.87 2.89
Cranial transverse diameter (mm) 23.40 27.98
Medial transverse diameter (mm) 22.72 26.69
Caudal transverse diameter (mm) 28.04 35.16
Total length of pelvis (mm) 66.55 71.04
Length of ilium (mm) 37.54 40.53
Length of pubis(mm) 25.06 33.39
Greatest length of the foramen obturatorium (mm) 16.21 17.93
Greatest width of the foramen obturatorium (mm) 12.79 14.64
Conjugata vera (mm) 32.67 37.05
Conjugata diagonalis (mm) 40.81 49.25
Vertical diameter (mm) 23.28 31.11
Inclinatio pelvis (°) 26.54 27.22

in the female mongoose. It was determined that the dorsal
transverse diameter of the cranial opening of pelvis was
larger than the other transverse diameters, but close to
intermediary transverse diameter. Among the transverse
diameters of the cavum pelvis, the caudal transverse
diameter had the greatest value. Aperture pelvis caudalis
were wide. The sacrocotyloid diameter was similar on
both sides (Table 1).
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Fig 8. 3D model of the femur obtained from MDCT
images. Cr. cranial view, Ca. caudal view, Me. medial view,
La. lateral view

Fig 9. 3D model of crus bones obtained from MDCT
images. Cr. cranial view, Ca. caudal view, Me. medial
view, La. lateral view

Table 2. Results of the morphometric measurements of the femur, tibia and fibula obtained from 3D reconstruction

Female Male

Measurements

Right Left Right Left
Total length of the femur (mm) 75.53 74.84 78.11 78. 56
Distal width of the femur (mm) 15.43 15.12 16.22 16.38
Femoral head diameter (mm) 8.92 8.67 9.43 9.78
Narrowest neck width (mm) 6.72 6.72 7.00 7.12
Proximal width of the femur (mm) 16.27 16.73 19.26 19.43
Angle between center of head of femur and center point of fossa trochanterica (°) 30.73 30.73 31.30 31.28
Total length of the fibula (mm) 61.16 61.50 63.87 63.39
Width of fibula at mid-shaft (mm) 3.68 3.98 4.25 4.36
Total length of the tibia (mm) 68.14 67.32 69.25 69.74
Mid-shaft transverse diameter of the corpus tibia (mm) 6.94 6.83 7.38 7.21
Proximal width of the tibia (mm) 15.46 15.95 18.38 18.23
Distal width of the tibia (mm) 11.26 11.35 12.58 12.36
Angle between medial and lateral malleolus (°) 41.27 41.35 41.54 41.60

The femur was proximally inclined towards its long axis =~ The measurement values of the femur, tibia and fibula
in the cranio-ventral direction. The fibula extended to  of the female mongoose were smaller than those of the
the distal end of the tibia. A wide interosseous space was  male mongoose (Table 2). In addition, the data on the
formed between tibia and fibula (Fig. I, Fig. 2, Fig. 8, Fig. 9).  right and left sides were very similar to each other in both
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Table 3. Results of the morphometric measurements of the femur and tibia obtained from MDCT images

sexes. Among the long bones, the femur had the greatest
values, followed by the tibia and fibula in that order. In
addition, the femur had a thicker structure than the tibia.
The proximal ends of both the femur and tibia had larger
values than their distal ends. Among the long bones in the
hind limb, the fibula had the least values.

According to the medial and lateral cortical thickness
measurements obtained from the tomography images of
the femur, it was seen that lateral cortical thickness had
higher values than medial cortical thickness at proximal,
mid-shaft and distal. Medial and lateral cortical thickness
was measured the most in the distal part of the femur. It
was observed that the lateral cortical thickness was greater
than the medial cortical thickness in the proximal, and
on the contrary, the medial cortical thickness was greater
than the lateral cortical thickness in the mid-shaft and
distal part of the tibia. It was found that medial cortical
thickness was the most in the mid-shaft and lateral cortical
thickness was the most at proximal part of tibia. Endosteal
and periosteal diameter values in the femur were greater
on the X-axis direction than on the Y-axis direction. In the
tibia, on the contrary, endosteal and periosteal diameter
values on the Y-axis direction were higher than on the
X-axis direction (Table 3).

Di1SCUSSION

It has been reported that the pelvis of the retriever dog
and red fox statistically significantly differed according
to sex %17, while there is no sexual dimorphism in the
German shepherd dog !"*. Except for the angle of arcus
ischiadicus, all the measurement values have been reported
to be greater in the male retriever, German shepherd and
red fox compared to their female counterparts *'7.. In the
current study, the measurement values of the pelvis were
smaller in the female mongoose, except for the angle of
arcus ischiadicus, similar to the previous studies on dogs
and red foxes.

It has been stated that the size of the pelvis and the
thickness of the leg bones determine the differences that
distinguish dog breeds from each other. Dogs with a large
pelvis have thin limb bones and dogs with a small pelvis
have thicker limb bones. For example, greyhounds have
relatively thinner legs than pit bulls. Fast running dogs
have a wider pelvis and thinner leg bones . In this study,
it was observed that the mongoose had a small and narrow
pelvis, thick and short leg bones. This anatomical structure
caused the mongoose not run fast and move in a crawling
manner on the ground ™.
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In the red fox, it was reported that the aperture pelvis
cranialis was widest in the middle and caudal transverse
diameter had greatest value of the cavum pelvis ['". In this
study, unlike the fox, the dorsal transverse diameter of the
aperture pelvis cranialis was the largest, but the values
were close to the intermediary transverse diameter. The
caudal transverse diameter of the mongoose was also the
largest transverse diameter of the pelvic cavity, just like in
the fox.

For Metailurus parvulus belonging to the family Felidae
of the order Carnivora, the total length of the femur was
reported as 216.0 mm, transverse diameter at the midshaft
of the femur as 19.7 mm, greatest anteroposterior diameter
of the distal end of the femur as 40.7 mm, anteroposterior
diameter of the caput femoris as 20.7 mm, greatest antero-
posterior diameter of the proximal end of the femur as
44.1 mm, total length of the tibia as 207.8 mm, transverse
diameter at the mid-shaft of the tibia as 15.2 mm, greatest
anteroposterior diameter of the proximal end of the tibia
as 42.2 mm, greatest anteroposterior diameter of the distal
end of the tibia as 19.2 mm, and total length of the fibula
as 186.0 mm %, In the current study, the measurement
values of the femur, tibia and fibula of the mongoose were
approximately one-third of those reported for the same
bones in Metailurus parvulus. This finding is consistent
with the representatives of the family Herpestidae being
characterized by a relatively small-to-medium body size *!l.
Body size is the main factor determining limb bone
morphology in Carnivora . Among the hind limb bones
of the mongoose, the femur was the largest, and the
measurement between the distal end of the femur and
the proximal ends of the tibia, which are involved in the
formation of the articularis genus, were close to each other,
which is also in agreement with the anatomy of Metailurus
parvulus. In our study, it was observed that the distal end
of the femur was narrower in the female than in the male,
as described for humans *?.

As a result of the measurements performed on the long
bones of the modern red fox (Vulpes vulpes) and arctic fox
(Alopex lagopus), it was reported that the male animals
had statistically significantly larger measurements than
their female counterparts. The total length of the femur
in the red fox was determined as 122.2 mm in the female
and 130.4 mm in the male, the proximal breadth of the
femur was 23.2 mm and 25.2 mm, respectively, and the
distal breadth of the femur was 19.1 mm and 20.8 mm,
respectively .. In the mongoose, the total length of the
femur on the right side was measured as 75.53 mm in the
female and 78.11 mm in the male, the proximal breadth
of the femur was 16.27 mm in the female and 19.26 mm
in the male, and the distal breadth of the femur was 15.43
mm in female and 16.22 mm in male. This shows that the
measurement values of the male mongoose were larger

than those of the female, and the proximal end of the
femur was wider than the distal end, similar to the red fox.
It has also been reported that there is a difference between
the male and female femurs in humans, with the former
being larger than the latter 2.

The total length of the tibia in the red fox was reported
to be 137.5 mm in the female and 147.3 mm in the male,
the proximal breadth of the tibia was 20.9 mm in the
female and 22.0 mm in the male, and the distal breadth of
the tibia was 14.2 mm in the female and 14.8 mm in the
male . In the current study, the total length of the tibia on
the right side was 68.14 mm in the female mongoose and
69.25 mm in the male mongoose, the proximal breadth of
the tibia was 15.46 mm and 18.38 mm, respectively, and
the distal breadth of the tibia was 11.26 mm and 12.58
mm, respectively. Thus, as reported for the red fox, the
male mongoose also presented with larger measurements
than the female mongoose. In a human study;, it was also
reported that the tibia was statistically significantly larger
in men than in women P2,

From the canine remains, which were found during
excavations in Van-Yoncatepe, the femoral length was
determined as 181.6 mm and the tibial length as 180.2
mm . In another study, the mean femoral length of
the Makah and Coast Salish dog was reported as 164.4
mm, and the mean tibial length as 158.5 mm .. While
the femur of the mongoose was observed to be longer
compared to the length of the tibia, as in dogs 2%,
the tibia was reported to be larger than the femur in the
red fox "),

In the literature, it is stated that the mean length of the
fibula in the Makah and Coast Salish dog is 148.2 mm %,
while the total length of the fibula in the red fox is 130.2
mm in the female and 138.1 mm in the male . In
our study, the total length of the fibula on the right side
was measured as 61.16 mm in the female mongoose and
63.87 mm in the male. Thus, the shortest bone among
the hind limb bones of the mongoose was determined to
be the fibula, which is similar to the reports on the red
fox and dog.

For the Nigerian local dog (Canis lupus familiaris), no
statistically significant difference was reported between
the right and left sides according to the biometric
measurement values of the hind limb bones **. Similarly,
in the current study, the measurement values of the femur,
tibia, and fibula were similar for the right and left sides in
both the male and female mongooses.

It has been reported that the medial cortical thickness
of the femur in dogs gradually decreases from proximal
to distal. It was stated that the lateral cortical thickness
remained more or less the same in the proximal and mid-
shaft, and decreased in the distal. It has been reported
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that the medial cortical thickness in the tibia increases
from proximal to distal, and the lateral cortical thickness
decreases from proximal to distal **l. In our study, the
mongoose unlike the dog ), it was observed that the
medial and lateral cortical thickness was the most in
the distal of the femur. It was seen that medial cortical
thickness was the most in the mid-shaft and lateral cortical
thickness was the most at proximal part of tibia unlike the
dog. In the literature 1!}, it was reported that the endosteal
and periosteal diameter measurement values on the X-axis
direction of the rabbit femur were higher than those on
the Y-axis direction. In our study, it was determined
that the values of endosteal and periosteal diameter
measurements on the X-axis direction were greater than
those on the Y-axis direction in the mongoose femur as in
the rabbit femur 2%,

According to the data obtained from the hind limb of
the mongoose, the measurement values of the male were
greater than those of the female. This is consistent with
the previous knowledge that male mongooses are larger
than females . The male mongoose has been reported to
be 20% heavier on average than the female *°.. According
to the results of the morphometric study performed on
the long bones of the hind limb of the Van cat, it was stated
that there was sexual dimorphism, with the male having
greater values than the female *!. The measurements
of the coxae, femur and tibia of the hind limb are also
reported to differ according to sex in Felis catus ..

The Egyptian mongoose (Herpestes ichneumon) is on the
International Union for Conservation of Nature’s Red List
of Threatened Species ! and lives in a limited area in
Turkey; therefore, the number of animals in our study was
limited. Due to the few number of animal used in the study,
statistical results could not be expressed by performing
a statistical analysis. In future studies, it is reccommended
to study with more animals, if possible.

In conclusion, when the hind limb bones of the Egyptian
mongoose were compared between sexes, all the
measurement values were higher in the male mongoose
than in the female. In addition, the right and left side
measurements were very close to each other in both
sexes. The 3D reconstruction of the entire bone from 2D
computed tomography images is very useful for morpho-
metric studies and clinical applications. It is expected
that the morphometric data presented in this paper
will contribute to the knowledge of the anatomy of wild
animals and guide future clinical studies.
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