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Abstract

This study was undertaken to perform a three-dimensional (3D) reconstruction of the tarsal bones of chinchillas using multidetector
computed tomography (MDCT) images and reveal biometric ratio of the bones and compare between sexes. For this purpose, a total of
12 adult chinchillas (Chinchilla lanigera) of both sexes (six males and six females) were used. After anesthetizing the animals, MDCT images
were obtained in DICOM format, and 3D reconstruction was performed on a computer using the Mimics 13.1 program. The volumes and
surface areas of each of the bones that constitute the tarsus of the chinchilla were automatically measured by the program based on the
3D model. After all values of each tarsal bone were expressed as ratios with in tarsus, they were analyzed statistically to reveal differences
between sexes. The results showed that there were statistical differences (P<0.05) in calcaneus, talus, central tarsal bone and tarsal bone
IV in term of volume ratio and in central tarsal bone, tarsal bone | and tarsal bone IV in term of surface area ratio between sexes. It is
considered that 3D tarsus models are useful in revealing anatomic structures and also in assisting clinical diagnosis and treatment.
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Chinchilla (Chinchilla lanigera) Tarsus’'unda U¢ Boyutlu Rekontriiksiyon
Goriintiilerine Dayali Biyometrik Oranlar

Oz

Bu calisma sinsillanin tarsal kemiklerinin multidedektor bilgisayarli tomografi (MDBT) gorintilerini kullanarak ¢ boyutlu
(3B) rekonstriiksiyonunu yapmak ve kemiklerin biyometrik oranlarini ortaya koymak ve cinsiyetler arasinda karsilastirmak amaciyla
gerceklestirildi. Bunun icin her iki cinsiyetten (6 erkek, 6 disi) toplam 12 adet yetiskin sinsilla (Chinchilla lanigera) kullanildi. Anestezi
altinda hayvanlarin MDBT gériintileri alindiktan sonra DICOM formatinda depolandi ve Mimics 13.1 programinin oldugu bir bilgisayarda
3B rekonstriksiyonlari gerceklestirildi. 3B modeli ortaya konulan sinsilla tarsus’'unu olusturan tarsal kemiklerin her birinin hacimleri
ve ylzey alanlari otomatik olarak program tarafindan 6lctldu. Her bir tarsal kemik degerinin tarsus'daki oranlari belirtildikten sonra,
cinsiyetler arasindaki farkhliklari ortaya ¢ikarmak icin istatistiki analiz yapildi. Sonuglar hacim oranina gore calcaneus, talus, os
tarsi centrale ve os tarsale IV'de ve yiizey alani oranina gore os tarsi centrale, os tarsale | ve os tarsale [V'de cinsiyetler arasinda istatistiki
farkin (P<0.05) oldugunu gésterdi. 3B tarsus modellerinin anatomik yapilari ortaya ¢ikarmada ve ayrica klinik tani ve tedaviye yardimci
olmada yararli oldugu distintlmektedir.

Anahtar sézciikler: Tarsus, Sinsilla, 3D gériintiileme, Anatomi

INTRODUCTION tarsal bones have been shown to be sexually dimorphic
by previous researchers B4,

The skeletal dimensions are important when there are

no key points that allow the body to be recognized. Sex ~ The tarsal bones are morphologically less recognizable

discrimination is important in the recognition of the body . than long bones by non-specialists and can be easily

In forensic medicine anatomically, short bones have some  misidentified due to their similarities in animals of similar

advantages than other bones 2. Measurements of handand  sizes®™. Three-dimensional (3D) models of the tarsal bones
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assist in determining the shape and size of these bones, as
well as the joint geometries, by observing the relationship
between the different bones. These models also facilitate
the diagnosis and treatment of foot deformities .

Measurements obtained from 3D model of bones uses in
sexual dimorphism "), Computer-based volume calculations
from 3D models and volumetric ratios are significant in
determining the gender ¥,

A review of the literature reveals studies on the tarsal
bones on the leopard (Panthera pardus) ¥, the Indian
blackbuck (Antilope cervicapra)'®, rabbit 'Y, the grasscutter
(Thryonomys swinderianus) " and the Indian spotted
deer (Axis axis) "®; computerized tomography imaging in
dogs " and African hedgehogs (Atelerix albiventris) '*};
and the 3D reconstruction of the tarsal joint in mice "9,
laboratory mice, white-footed mice, rats '), and red-
footed tortoises (Chelonoidis carbonaria) '®. Furthermore,
research has been undertaken for the 3D reconstruction
of human foot bones, and the 3D reconstructed images of
the tarsal bones have been utilized in clinical trials, as well
as anatomical studies 71,

The anatomy of a lot of domestic rodents such as guinea
pigs, rats, mice, and hamsters, has been well described.
Chinchillas are being popularity as pets 2%. Cevik-Demirkan
et al.?" investigated the anatomy of the hindlimb of
the chinchilla. In another study, the radiological images
of the chinchilla skeleton were analyzed and provided
osteological contribution 22, Also 3D reconstruction of
femur and vertebral column performed and morphometric
measurements revealed 224, However, to the best of our
knowledge, no study has been conducted to perform 3D
reconstruction of the chinchilla’s tarsal bones, identify their
volume and surface area ratios and determine whether
there are any differences between the sexes. This current
study was carried out to fill this field in the literature.

MATERIAL and METHODS

This study was accepted by the ethics committee of the
Veterinary Faculty of Selcuk University on April 27, 2018
(Decision number: 2018/39). In the study, a total of 12 adult
chinchillas (Chinchilla lanigera) of both sexes weighing from
500 to 600 g. were used. The 3D models of the tarsal bones
were obtained with the Multimodal Immersive Motion
rehabilitation with Interactive Cognitive Systems (Mimics)
13.1 software. In order to obtain 3D reconstruction via
this program, the MDCT images of the tarsal bones were
obtained at high resolution. The animals from which
the images were to be taken were anesthetized with
a mixture of 60 mg/kg ketamin (Ketalar, Pfizer®) and 6
mg/kg xylazine (Rompun, Bayer®) intravenously. Under
anesthesia, the MDCT images were taken of the animals in
a prone position. The parameters of the MDCT instrument
(Somatom Sensation 64; Siemens Medical Solutions,

Germany) were adjusted as; physical detector collimation,
32 x 0.6 mm; final section collimation, 64 x 0.6 mm; section
thickness, 0.50 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
performed by utilizing standard protocols and taking the
literature >? into consideration. Radiometric resolution
(MONOCHROME2; 16 bits) was obtained at the lowest
radiation level and with optimum image quality. The
images were stored in DICOM format and transferred to a
personal computer installed with Mimics 13.1.

Two of the experts in the field of anatomy obtained similar
results by performing reconstructions of tarsal bones at
different times. In the automatic segmentation process, the
limits of tarsal bones were determined and were assigned
different colors (Fig. 1). The limits of the images were
determined, and the reconstruction of the tarsal bones
was carried out using the 3D transformer component
of Mimics 13.1. The volume and surface area of all tarsal
bones in the chinchilla both right and left side were
measured automatically using the 3D program. After all
values of each tarsal bone were expressed as ratios with in
tarsus, they were analyzed statistically to reveal differences
between sexes. The materiality control of the differences
between the average values was undertaken using the
SPSS 16.00 software program and an independent t- test.

Fig 1. Limitation of tarsal bones on coronal section with different colors

1: Calcaneus, 2: Talus, 3: Medial tibial tarsal bone, 4: Central tarsal bone,
5:Tarsal bone ll, 6: Tarsal bone lll, 7: Tarsal bone IV, 8: Tarsal bone |
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RESULTS

The volume and surface area of the chinchilla tarsal bones
were obtained from 3D reconstruction formed using
the Mimics 13.1 program to process the MDCT images
(Fig. 2, Fig. 3). The statistical results the ratio of the mean
values were found significant at the level of P<0.05 (Table
1, Table 2).

The 3D reconstructed images of the tarsal bones of the
chinchilla revealed eight bones. The proximal row of the
tarsus consisted of the calcaneus articulating with the
fibula, the talus articulating with the tibia, and the medial
tibial tarsal bone in the medial of the talus. In the distal
row were the tarsal bone | to IV. In both proximal and
distal rows, the central tarsal bone was observed (Fig. 1,

Fig 2. Dorsal view of 3D model of tarsal bones
1: Calcaneus, 2: Talus 3: Medial tibial tarsal bone, 4: Central tarsal bone,

5:Tarsal bone Il, 6: Tarsal bone IlI, 7: Tarsal bone IV, 8: Tarsal bone |

Fig. 2, Fig. 3). 1t was determined that the central tarsal bone
did not articulate with the calcaneus and medial tibial
tarsal bone.

Both right and left side of the tarsal bones a statistically
significant difference was found for calcaneus, talus,
central tarsal bone and tarsal bone IV in term of volume
ratio between sexes. Also for central tarsal bone, tarsal
bone | and tarsal bone IV was seen statistical difference
between sexes in term of surface area ratio (Table 1, Table 2).

For both male and female chinchillas, the order of the
tarsal bones from the greatest to the smallest volume was
as follows: the calcaneus, talus, tarsal bone IV, central tarsal
bone, tarsal bone lll, tarsal bone |, tarsal bone Il, and medial
tibial tarsal bone. The order of the tarsal bones according
to their surface area from the largest to the smallest was;
the calcaneus, talus, tarsal bone 1V, tarsal bone lll, central
tarsal bone, tarsal bone |, tarsal bone Il, and medial tibial
tarsal bone for female chinchillas, and the calcaneus, talus,
tarsal bone 1V, central tarsal bone, tarsal bone lll, tarsal
bone |, tarsal bone I, and medial tibial tarsal bone in male
chinchillas (Table 1, Table 2).

DISCUSSION

In this study, 3D model obtained from the MDCT images
of the tarsal bones in the chinchilla. Three-dimensional
reconstructions for bone are clearer and more useful and it
is used in tarsal bones ",

Female chinchillas are larger than male chinchillas. They
born larger and grow for a longer time 7. Depending on
gender, there will be biometric differences between male
and female. The most important thing is the difference in
the ratio of the measured values.

In this study, the volume and surface area ratio of the tarsal
bones differed between the male and female chinchillas.
This is consistent with the results of previous study
indicating that sexuel dimorphism in chinchilla 2. Also
sexuel dimorphism were showed in tarsal bones in human *,

The limitation of this study is the number of the animal. In

Fig 3. 3D model of tarsal bones

1: Calcaneus, 2: Talus, 3: Medial
tibial tarsal bone, 4: Central tarsal
bone, 5: Tarsal bone IlI, 6: Tarsal
bone lll, 7: Tarsal bone IV, 8: Tarsal
bone |
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Table 1. Statistical analysis performed by taking percentage rates of volume means obtained from 3D images of tarsal bones (Mean + SD)

Right Left
Measurements
Female (n=6) Male (n=6) P Female (n=6) Male (n=6) P

Calcaneus 42.22+0.15 44.16+0.24 0.000 42.35+0.17 44.08+0.18 0.000
Talus 31.26+0.21 30.43+0.45 0.002 31.31+0.17 30.47+0.41 0.001
Central tarsal bone 5.79+0.07 5.31+0.22 0.001 5.70+0.06 5.43+0.21 0.016
Medial tibial tarsal bone 1.38+0.05 1.32+0.06 0.080 1.37+0.05 1.32+0.10 0.313
Tarsal bone | 3.41+0.07 3.42+0.33 0.937 3.43+0.09 3.40+0.31 0.789
Tarsal bone I 2.93+0.08 2.82+0.14 0.135 2.91+0.08 2.74+0.20 0.087
Tarsal bone IlI 5.46+0.07 5.26+0.28 0.124 5.44+0.06 5.29+0.21 0.125
Tarsal bone IV 7.50+0.13 7.25+0.15 0.012 7.45+0.09 7.23+0.18 0.028

Table 2. Statistical analysis performed by taking percentage rates of surface area means obtained from 3D images of tarsal bones (mean + SD)

Right Left
Measurements
Female (n=6) Male (n=6) P Female (n=6) Male (n=6) P

Calcaneus 35.56+0.13 35.42+0.30 0.340 35.61+0.15 35.41+0.34 0.211
Talus 25.47+0.11 25.50+0.21 0.771 25.42+0.10 25.48+0.21 0.612
Central tarsal bone 7.60+0.12 7.79+0.08 0.009 7.58+0.13 7.89+0.28 0.034
Medial tibial tarsal bone 2.49+0.08 2.57+0.12 0.264 2.50+0.08 2.54+0.08 0.356
Tarsal bone | 6.46+0.12 6.77+0.18 0.007 6.45+0.13 6.77+0.20 0.011
Tarsal bone Il 5.33+0.06 5.33+0.14 0.899 5.35+£0.09 5.35+0.16 0.966
Tarsal bone lll 7.72+0.11 7.68%0.15 0.681 7.71£0.12 7.63+0.15 0.356
Tarsal bone IV 9.34+0.11 8.90+0.13 0.000 9.34+0.09 8.89+0.12 0.000

this study we used 12 chinchillas. If we have more animals
we would be able to get strengthen statistical result.
Three-dimensional reconstruction method helps user
to better understand the anatomical structures that are
difficult to understand with other methods by allowing the
user to transform 3D image into what they need ¥, Three-
dimensional reconsructive models uses in anatomical
studies 12224231 and clinical studies %34, The validity and
reliability of 3D models were proven on comparison of
biometric measurement values 2. Three- dimensional
reconstruction with small bones the section thickness of
the MDCT images should be very little.

In conclusion, this was the first study to perform biometric
ratios on the tarsus of the chinchilla based on 3D re-
constructed images. The 3D volume and surface area ratios
oftarsalbonesinchinchillarevealed and sexueldimorphism
showed on chinchilla tarsus. Three-dimensional tarsus
models can be useful for the investigation of the anatomy
and morphology of the tarsal bones with a rather small
and complex structure, help clinicians in the diagnosis
and treatment processes, assist surgeons in planning
operations and in forensic medicine. In further studies the
the tarsal joint should be study with its ligaments.
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