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Three-dimensional bone modeling of forelimb joints in New Zealand
Rabbit: A Micro-Computed Tomography study

Remzi Orkun AKGUN"»™, ismail Onder ORHAN?", Okan EKiM?¢

!Cankiri Karatekin University, Faculty of Dentistry, Department of Basic Sciences, Cankiri, Turkey; 2Ankara University, Faculty of
Veterinary Medicine, Department of Anatomy, Ankara, Turkey
20RCID: 0000-0001-6648-7059; "ORCID: 0000-0003-3006-4657; CORCID: 0000-0002-3322-4161.

*Corresponding author: roakgun@karatekin.edu.tr
Received date: 08.07.2020 - Accepted date: 24.11.2020

Abstract: In this study, it was aimed to obtain 3-dimensional (3D) digital and printed models of healthy forelimb joints using
micro-computed tomography (nCT) technique in New Zealand Rabbit, which is frequently preferred in experimental orthopedic
studies. Moreover, it was aimed to provide morphometric measurements on the shoulder and elbow joints over 3D digital models. A
total of 14 adults (7 female, 7 male) New Zealand Rabbits were used in the study. After imaging the forelimbs with the uCT device,
3D digital and printed models were obtained. Biometric measurements of shoulder and elbow joints were performed over 3D digital
models and the data obtained from female and male rabbits were evaluated statistically. The anatomical structure on the 3D joint models
was very detailed due to the low section thickness and high detector quality. 3D printed models produced as a result of the 3D printing
process were quite durable, odorless, and clean. No anatomical differences were observed between 3D printed models and 3D digital
models. In this study, it is thought that the anatomical and morphometric data obtained from laboratory rabbits will contribute to
scientists take part both in experimental orthopedic intervention and clinical anatomy education.

Keywords: Forelimb joints, laboratory rabbit, micro-computed tomography, morphometry, three-dimensional reconstruction.

Yeni Zelanda Tavsanr’inda 6n bacak eklemlerinin ii¢ boyutlu kemik modellenmesi: Mikro Bilgisayarh
Tomografi calismasi

Ozet: Bu calismada, deneysel ortopedik ¢alismalarda siklikla tercih edilen Yeni Zelanda Tavsani’nda saglikli 6n bacak
eklemlerinin mikro bilgisayarli tomografi (uBT) teknigi ile elde edilen goriintiilerinden 3B dijital modellerinin olusturulmasi, modeller
tizerinde omuz ile dirsek eklemlerine ait morfometrik dlgiimlerin saglanmas: ve bu modellerden 3B yazicilar kullanilarak 3B baski
modellerinin iiretilmesi amaglanmistir. Calismada toplamda 14 adet (7 disi, 7 erkek) eriskin Yeni Zelanda Tavsani kullanildi. On
bacaklar1 uBT cihazi ile goriintiilenip gorlintiilerden 3B dijital ve baski modelleri elde edildi. 3B dijital modeller {izerinden omuz ile
dirsek eklemlerine ait biyometrik Ol¢iimleri gergeklestirildi. Disi ve erkek tavsanlara ait elde edilen veriler istatistiki agidan
degerlendirildi. Kesit kalinliginin diisiik ve dedektor kalitesinin yiiksek olmasi sebebiyle 3B eklem modellerindeki anatomik yapi
oldukea detayliydi. Ug boyutlu baskilama islemi sonucunda iiretilen 3B baski modelleri son derece dayanikli, kokusuz ve temizdi. 3B
baski modelleri ile 3B dijital modeller arasinda herhangi bir anatomik farklilik gézlenmedi. Bu ¢alismada laboratuvar tavsanlarina ait
elde edilen anatomik ve morfometrik verilerin hem deneysel amacli ortopedik girisimlerde bulunan hem de klinik anatomi egitimlerinde
rol alan bilim insanlarina katki saglayacag: diisiiniilmektedir.

Anahtar sozciikler: Laboratuvar tavsani, mikro bilgisayarli tomografi, morfometri, én bacak eklemleri, {i¢ boyutlu
rekonstriiksiyon.

Introduction
The New Zealand Rabbit (Oryctolagus cuniculus L.)
is a species frequently preferred by scientists because it is
used in many experimental studies. In terms of its
anatomical features, it stands out as an animal model to be
used in experimental orthopedic studies for joint areas in
human medicine (17, 21). Digital x-ray (DR), computed

tomography (CT), magnetic resonance imaging (MRI),
and micro-computed tomography (LCT) methods, which
are diagnostic imaging techniques, are frequently used in
the diagnosis and treatment of joint diseases. In addition,
these methods used for diagnosis and treatment of diseases
have an effective role in imaging healthy macro-
anatomical structures. Today, these methods, which are
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used very much in terms of both treatment and clinical
anatomy education in human medicine, are also very
useful in different areas of veterinary medicine (14).

In the late 1980s, Feldkamp and his colleagues were
introduced pCT which is a unique imaging technique for
the evaluation of bone morphology and microstructures in
mice and other small animal models (3, 10). Today, uCT
devices provide images with superior resolution. Since
optical images provide real magnification in uCT, even
the smallest details of bone tissue can be clearly identified
(12).

A series of 2-dimensional (2D) cross-sectional
images are produced showing the anatomical relationship
of the important structures of the body with medical
imaging methods. 2D images are digitally stored in the
international standard DICOM (Digital Imaging and
Communications in Medicine) file format. This file format
contains the necessary data about 3D reconstructed and
sectional images. 3D models of the anatomical region are
produced using software programs specially developed for
DICOM files. With various software, the anatomical
structure of the examined area can be clearly displayed,
measured, highlighted, or partitioned separately at the
same time (7, 23). In addition, 3D reconstructed images
are used as a guide about the anatomy of the relevant
region for surgical planning (5, 13, 20). Traditionally,
measurements on post-mortem anatomical samples have
been the only method available to access linear, angular,
and volumetric biometric data. Standard radiographic
images are often used for linear biometric measurements.
However, measurements on 2D radiographic images
provide very limited information to researchers. Recently,
accuracy and reliability of the measurements taken from
3D reconstructed models have become a curiosity for
researchers. In the previous studies, 3D linear and angular
anatomical measurements have been compared with
measurements using digital calipers and goniometers (9).
When the obtained data have been evaluated, it has been
stated that the accuracy and reliability of 3D anatomical
measurements are quite high (2, 8, 13, 19, 28). It is known
that 3D anatomical measurements can be used safely on
skeletal structures, especially in the articular regions (9).
3D printing models of desired anatomical structure can be
produced by using 3D digital models. 3D printing
technology is very beneficial in areas such as tissue and
organ construction, creation of customized prostheses,
implants, and anatomical models (29). In addition, 3D
models are very valuable educational materials for
students, especially in radiology and anatomy education.
3D printing allows simpler visualization of complex
anatomical structures (27). It has been stated that the cost
of 3D printed anatomical specimens is quite convenient
compared to the cost of cadaver traditionally used in
educations. Using 3D samples instead of cadavers, which

are difficult to obtain, provides a serious convenience in
anatomy education (1, 6, 18, 28).

In this study, it was aimed to produce 3D digital and
printing models from pCT images of healthy forelimb
joints in laboratory rabbits and to evaluate the joints
anatomically. Furthermore, we aimed to perform 3D
morphometric measurements of the shoulder and elbow
joints in female and male rabbits and to evaluate the
obtained data statistically.

Materials and Methods

A total of 14 adults (7 females and 7 males) New
Zealand Rabbits (Oryctolagus cuniculus L.) were used in
the study. All procedures on animals were carried out in
line with the approval of the ethics committee from the
Ankara University Animal Experiments Local Ethics
Committee (Approval number: 2017-5-32). The forelimbs
of euthanized rabbits were removed from the body by
appropriate dissection method. The imaging of the
forelimbs was performed with the uCT device (Super
Argus PET / CT, Sedecal, Spain). The forelimbs were
placed and fixed on the bed in the medio-lateral position
in accordance with their anatomical postures. The
scanning process was performed from the middle level of
the scapula to the distal ending of the distal phalanx with
a thickness of 0.12 mm. In the imaging process, 40 kV and
140 pA values were used at standard resolution. The
obtained DICOM files were transferred to the 3D Slicer
software (3D Slicer, 4.9.0 version, GitHub, San Francisco)
and the images in transversal, frontal and sagittal planes
were evaluated on the personal computer. 3D digital
images of bone tissue were obtained by performing
volume rendering and segmentation on the bone tissue
window. Anatomical measurements of the shoulder and
elbow joints were carried out over 3D reconstructed
models in accordance with the relevant literatures (24, 25,
31). The measurement process for each point was
performed 3 times at different times and the final value
was determined as the average of the whole measurement
value. 3D printed models of forelimb joints were produced
using a 3D printer (Anycubic i3 Mega FDM-printer). In
the 3D printing process, 3D digital joint models of bone
tissue were uploaded to the computer in the 'STL' file
format. Then, the printing process was started by
uploading files in the “STL” format to the 3D printer. This
process was basically carried out using the Polylactic Acid
(PLA) polymer in X, y, z coordinates. The use of
anatomical terminology is based on Nomina Anatomica
Veterinaria (22).

Descriptive statistics were calculated and presented
as “Mean + Standard Error of Mean (SEM)”. Before
performing the statistical analysis, data was examined
with Shapiro Wilk test for normality as parametric test
assumptions. Data was analyzed using the GLM for
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Repeated Measures procedure of SPSS 14.01 (SPSS Inc.,
Chicago, IL, USA, License No: 9869264). The model
included the gender as between subject factor and the side
(left and right) as within subject factor, and the 2-way
interaction term. Post hoc testing was carried out for the
significant interaction term using simple effect analysis. A
probability value of less than 0.05 was considered
significant, unless otherwise noted.

Results
The anatomical structures on the 3D digital models
obtained from the pCT images were quite detailed. On the
3D models of the shoulder joint, the joint cavity was quite
evident, and the joint gap between cavitas glenoidalis and
caput humeri was clearly observed. Tuberculum
supraglenoidale and tuberculum infraglenoidale were

prominent above the cranial and caudal edges of the
cavitas glenoidalis, respectively. Caput humeri observed
convexly on the proximal of the humerus was limited by
the tuberculum minus and tuberculum majus in the
craniomedial and craniolateral, respectively (Figure 1).
On the 3D models of the elbow joint, the trochlea humeri
was articulated with fovea capitis radii and olecranon in
distal and caudal, respectively. Epicondylus medialis and
epicondylus lateralis were in the form of a protrusion on
the medial and lateral edges of the trochlea humeri. It was
determined that incisura trochlearis supports trochlea
humeri from the caudal edge and the two anatomical
formations were quite compatible with each other (Figure
2). All bone structures of all joints were determined in
detail on the 3D model of regio manus. Even small bone
structures such as carpal bones were easily identified on the

Figure 1. Lateral (A) and medial (B) view of the 3D digital model of the left shoulder joint. 1: Caput humeri; 2: Cavitas glenoidalis;
3: Tuberculum majus; 4: Tuberculum minus; 5: Tuberculum infraglenoidale; 6: Processus coracoideus; 7: Tuberculum supraglenoidale.

Figure 2. Lateral (A), medial (B) and cranial (C) view of the 3D digital model of the left elbow joint. 1: Fovea capitis radii; 2: Capitulum
humeri; 3: Epicondylus lateralis; 4: Tuber olecrani; 5: Olecranon; 6: Corpus ulnae; 7: Incisura trochlearis; 8: Epicondylus medialis; 9:

Trochlea humeri; 10: Fossa coronoidea.
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3D models (Figure 3). Articulatio radioulnaris distalis was
formed by the medial surface of the processus styloideus
lateralis and incisura ulnaris. While the distal of the radius,
os carpi radiale and os carpi intermedium were added to
the form of the articulatio radiocarpeae, the distal of the
ulna, os carpi ulnare, and os carpi accessorium were added
to the form of the articulatio ulnocarpeae. In the distal, os
carpi radiale, os carpi intermedium, and os carpi ulnare
were jointed with os carpale I and os carpale II, os carpale
IIT and os carpale IV, os carpale IV, respectively. When
the joints of the carpal bones located in the distal row with
the bones in the distal were examined, the bones involved
in the structures of the joints were: os carpale I with os
metacarpale I and os metacarpale II; os carpale II with os
metacarpale II; os carpale III with os carpi centrale and os
metacarpale II; os carpi centrale with os metacarpale I1I;
os carpale IV with os metacarpale III, os metacarpale IV
and os metacarpale V. On the palmar face of the articulatio
metacarpophalangea, there was a pair of proximal
sesamoid bones, one axial and the other abaxial. Likewise,
there was a distal sesamoid bone on the palmar face of the
articulatio interphalangea distalis (Figure 3).
Morphometric bone measurements of shoulder and
elbow joints were provided over 3D models. Measurement
points were indicated in Figure 4. The values of the
measurement results were given in Table 1. There was no
statistically difference between the right and left values of
the female and male animals in the following
measurements; the proximal width of the humerus (HPW),
the lateral width of the proximal radius (PRLW), the
medial width of the proximal radius (PRMW), the distal
width of the humerus (HDW), the width of the processus
coronoideus (PCW), the smallest depth of the olecranon
(OSD), the depth of the processus anconeus (PAD). At the

Figure 3. Dorsal (A) and palmar (B) view of the 3D
digital model of the left regio manus. 1: Radius; 2:
Ulna; 3: Os carpi radiale; 4: Os carpi intermedium;
5: Os carpi ulnare; 6: Os carpi accessorium; 7: Os
carpale IV; 8: Os carpi centrale; 9: Os carpale I1I;
10: Os carpale II; 11: Os carpale I; 12: Os
metacarpale I; 13: Os metacarpale II; 14: Os
metacarpale III; 15: Os metacarpale IV; 16: Os
metacarpale V; 17: Phalanx proximalis digiti [; 18:
Phalanx proximalis digiti II; 19: Phalanx proximalis
digiti III; 20: Phalanx proximalis digiti IV; 21:
Phalanx proximalis digiti V; 22: Phalanx media
digiti II; 23: Phalanx media digiti III; 24: Phalanx
media digiti IV; 25: Phalanx media digiti V; 26:
Phalanx distalis digiti I; 27: Phalanx distalis digiti
IT; 28: Phalanx distalis digiti III; 29: Phalanx
distalis digiti IV; 30: Phalanx distalis digiti V; 31-
32: Os sesamoideum proximale; 33: Os
sesamoideum distale.

same time, the difference between the genders for the right
and left values was statistically insignificant (P>0.05). For
the width of cavitas glenoidalis (CGW), the difference
between the right and left values of female and male
rabbits was statistically insignificant (P>0.05). However,
it was determined that the right and left values were higher
in male rabbits than in females, and this difference was
statistically significant (P<0.05). For the depth of tuber
olecrani (TOD), the left measurement values of females
and males were higher than the right measurement values.
The difference between values was found statistically
important (P<0.05). When the right and left measurement
values were compared between the genders, it was
determined that the values were quite close to each other.
In the measurements of the width of epicondylus lateralis
(ELW), the difference between the right and left values of
the female and male was statistically insignificant
(P>0.05). In addition, the fact that the left measurement
value of males was higher than the females was
statistically significant (P<0.05). For the width of the
proximal radius (RPW), the difference between the right
and left values of females and males was statistically
unimportant (P>0.05). However, it was determined that
right and left values were higher in male rabbits than in
females, and this difference was statistically significant
(P<0.05). For the width of epicondylus medialis (EMW),
the difference between the right and left values in females
and males was found statistically important (P<0.05). The
right values for both genders were higher than the left
values. However, when the right and left measurement
values were compared between genders, the difference
between the values was found statistically insignificant
(P>0.05).

Articulationes
- metacarpophalangeae

Articulationes
Interphalangeae
proximales

Articulationes
interphalangeze
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Table 1. Statistical data of 3D morphometric measurement values.
Measurement Gender P
Right (mm) Left (mm) Gender Side (S) G*S
(&)

HPW F 13.90 £ 0.130 13.85+0.081 0.591 0.503 0.902
M 13.97 £0.130 13.93 +£0.081

CGW F 9.13+0.1618 8.87 £ 0.1865 0.045 0.598 0.280
M 9.39+0.161* 9.48 +0.186*

TOD F 8.33 £0.0342 8.54 +£0.082° 0.966 0.036 0.304
M 8.39 +£0.0342 8.47 £ 0.082°

ELW F 7.29+0.1168 7.09 +£0.1048 0.061 0.459 0.039
M 7.43 £0.116* 7.53 £0.104*

PRLW F 4.86+0.158 5.02+0.162 0.779 0.957 0.250
M 4,96 +0.158 4.79+0.162

HDW F 10.65+0.116 10.57 £0.107 0.256 0.143 0.732
M 10.85+0.116 10.71 £ 0.107

RPW F 7.58 +£0.0928 7.39 £0.0798 0.005 0.161 0.445
M 7.81 £0.0924 7.75 £ 0.0794

EMW F 7.27+£0.1012 7.11 £0.078° 0.099 0.016 0.254
M 7.44 +£0.1012 7.38 £0.078°

PRMW F 4.49 +0.143 442+0.111 0.638 0.204 0.550
M 4.62 +0.143 443+0.111

PCW F 6.54 £ 0.064 6.50 = 0.086 0.204 0.574 0.933
M 6.65 £ 0.064 6.62 = 0.086

OSsDh F 7.90 £ 0.081 7.98 £0.058 0.453 0.299 0.993
M 7.95+0.081 8.03 £0.058

PAD F 8.57 £0.048 8.61 +0.044 0.904 0.674 0.102
M 8.63 +0.048 8.57 £0.044

ab: Different letters on the same line indicate statistically significant difference (P<0.05); ~B: Different letters on the same column
indicate a statistically significant difference (P<0.05). F: Female; M: Male. HPW: Proximal width of the humerus; CGW: Width of the
cavitas glenoidalis; TOD: Depth of the tuber olecrani; ELW: Width of the epicondylus lateralis; PRLW: Lateral width of the proximal
radius; HDW: Distal width of the humerus; RPW: Width of the proximal radius; EMW: Width of the epicondylus medialis; PRMW:
Medial width of the proximal radius; PCW: Width of the processus coronoideus; OSD: The smallest depth of the olecranon; PAD:

Depth of the processus anconeus.

Figure 4. Morphometric measurement
points taken over 3D models. A:
Proximal width of the humerus (HPW);
B: Width of the cavitas glenoidalis
(CGW); C: Depth of the tuber olecrani
(TOD); D: Width of the epicondylus
lateralis (ELW); E: Lateral width of the
proximal radius (PRLW); F: Distal
width of the humerus (HDW); G: Width
of the proximal radius (RPW); H:
Width of the epicondylus medialis
(EMW); 1. Medial width of the
proximal radius (PRMW); J: Width of
the processus coronoideus (PCW); K:
The smallest depth of the olecranon
(OSD); L: Depth of the processus
anconeus (PAD).
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Figure 5. Lateral (A) and medial (B) view of the 3D printed model of the left shoulder and elbow joints.

Figure 6. Dorsal (A) and palmar (B) view of the 3D printed model of the left regio manus.

As a result of the 3D printing process, durable,
odorless, clean, and realistic 3D printing models were
produced. No anatomical differences were observed
between the 3D printing models produced and the 3D
digital models in the 'STL' file format that were loaded on
the 3D printer before the printing process. Since the
printing materials were quite small, the supporting texture
was used in the printing process. Therefore, it was
necessary to clean the support tissue consisting of
thermoplastic polymer around the samples produced after
printing. It was determined that the structures belonging to
the bone tissue on the joint areas on the printed models
retain their anatomical features. It was observed that the
bone structures boundaries of all joint regions, especially

the small carpal bones, were easily distinguishable from
each other (Figures 5 and 6).

Discussion and Conclusion

It is possible to design 3D digital anatomical models
from 2D cross-sectional images using various commercial
software programs. The production mechanisms of 3D
models from 2D images have been explained by using
different software programs (4). With the 3D Slicer
software program used in this study, reformat images were
created in sagittal and frontal planes using DICOM files
containing  transversal pCT  sectional
Segmentation of bone tissue was performed from the
sectional images. As a result of the segmentation process,

images.
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3D digital models were successfully visualized. In
addition, the fact that the 3D Slicer program could be
accessed free of charge from the internet environment has
significantly reduced the cost of this research.

3D printing technology has many benefits in
anatomy education. Among the reasons of the increase in
the interest of scientists researching in the medical field to
this technology are the difficulties of finding cadavers and
the formaldehyde used for fixation and storage of tissues
is very harmful to human health (11, 16). In this study, it
is thought that the production of bone models with 3D
printing technology will reduce the use of cadaver, which
is constantly required in the preparation of organic bone
samples. It has been stated that 3D printing models can be
used safely by both educators and students, and with the
help of printing models, quite complex anatomical
structures can be visualized simply (16, 26). In this study,
3D printed bone models were produced from pCT images
of joint regions. Especially the anatomical structures and
neighbourhoods of very small carpal bones in articulatio
carpi were easily determined on models. Li et al. (16) have
produced 3D printing models of some cattle bones in their
study. They have evaluated the effectiveness of these
printed models in anatomy education with the survey on
students. The vast majority of the students who
participated in the survey stated that the anatomical
structures in 3D printing models were not different from
those of organic bone samples, and the models were
odorless, light, and durable. 3D printing models obtained
in this study were also found to be very light, odorless,
durable, and clean. When 3D printing and digital models
were compared, there was no anatomical difference
between them.

It is known that 3D morphometric studies of the
rabbit’s forelimb skeleton structures belong only to
antebrachium (24). 3D digital models of antebrachium
have been carried out over CT images. In addition,
Pazvant and Kahvecioglu (25) have performed the
measurements over the forelimb long bones of rabbits
with the traditionally used digital caliper method.
However, in the literature search, no detailed
morphometric study on the shoulder and elbow joints of
rabbits was found. In our research, the uCT technique was
used to produce more detailed 3D anatomical models and
to perform detailed biometric measurements over the 3D
models. The bone tissue on the images was segmented
sectionally by using the "paint" and "level tracing"
commands using the 3D Slicer software program. After
the segmentation process, the 3D models obtained were
rotated in the desired way and the measurements of
shoulder and elbow joints were easily performed.

Pazvant and Kahvecioglu (25) have investigated the
homotypic variations of the forelimb and hindlimb long
bones of rabbits in their study. They have provided

morphometric measurements with the help of digital
calipers over the real bone samples they obtained as a
result of the maceration process. In the measurements of
the proximal width of the humerus, the right and left mean
values of females have been determined as 13.87 mm and
13.82 mm, respectively. For the measurements of male
rabbits, the right and left values have been calculated as
13.67 mm and 13.66 mm, respectively. In the
measurements of the distal width of the humerus, the right
mean values of the females and males have been specified
as 10.67 mm and 10.75 mm, and the left mean values have
been determined as 10.88 mm and 11.32 mm, respectively.
In our study, it was determined that the 3D morphometric
measurement data obtained from the proximal and distal
width of the humerus were parallel to the data in the
literature, and there was no statistically difference
between the genders and the right and left data (Table 1).
In the literature, it has been stated that there is no statistical
difference between the genders and the right and left
values in the genders for the proximal width of the radius.
In our study, the difference between the right and left
values of females and males was statistically insignificant.
However, it was determined that the right and left values
were higher in male rabbits than in females, and this
difference was statistically significant (Table 1).
Moreover, all measurement values for this region were
found to be higher than in the literature. This
differentiation is thought to be due to the difference in
body mass. Morphometric values of the depth of
olecranon in the related literature were similar to the
values obtained in our research. Unlike the literature, the
left measurement values of the male and female obtained
in our study were higher than the right measurement
values. The difference between data was statistically
significant (Table 1).

Ozkadif et al. (24) have produced 3D models of
multidetector-CT images of antebrachium in rabbits and
provided morphometric measurements on models. They
have compared the measured values statistically between
female and male animals. The difference between the right
and left values of females and males has been found
statistically insignificant in the measurements of the
proximal width of the radius. However, the right and left
measurement values of male rabbits have been higher than
that of females, and this difference has been found
statistically significant. In our study, 3D models with high
resolution and anatomically more detailed were produced
from pCT images. All the measured values of proximal
width of the radius were found higher than the values
specified in the literature. This differentiation is thought to
be due to the fact that the bone margins are more clear in
the anatomical models we have obtained and therefore
there is a difference in measurement points. In parallel
with the literature, it was determined that the right and left
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values were higher in male rabbits than in females, and
this difference was statistically significant (Table 1).

In this study, it has been determined that 3D digital
anatomical models can be easily produced using special
software programs, and 3D printing models can be
designed simply by using 3D printers. It has been thought
that 3D technology can be used in areas such as veterinary
anatomy, veterinary surgery, and radiology. It has been
anticipated that the use of 3D digital and printing models
in anatomy education will considerably reduce the use of
cadavers and harmful chemicals such as formaldehyde. It
has been understood that morphometric measurements
made on organic bone samples can be also easily
performed on 3D models.

In conclusion, it is thought that the data obtained in
this study will benefit the fields of veterinary anatomy,
surgery, and radiology. It is also anticipated that this study
will bring a modern approach to the field of veterinary
anatomy and will be an useful resource for scientists who
will research on the forelimb joints of laboratory rabbits.
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