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Abstract

Anatomy examines the structure of living things, the organs within them, and the functioning of these
organs within certain systems. Various materials are used when looking at these anatomic structures.
Even though organs placed in formaldehyde, liquid foam soap, ethanol, and citric acid are kept from
decaying for a long time, inhaling this liquids or coming into direct contact with it poses a health risk.
Today, the advancement of technology and its use in almost all areas has been reflected in veterinary
anatomy field. Anatomical structures can be examined in 3D using imaging methods and various
software. This allows us to examine anatomical structures that are difficult to access and small-sized
anatomical formations. Materials can be obtained from these models using various 3D printing
devices. This makes it possible to work in more hygienic conditions with less contamination with
harmful chemicals such as formaldehyde. The presented study systematically compiles scientific
research related to 3D modeling and printing technology in the field of veterinary anatomy. An
attempt was made to explain the current state of 3D in veterinary anatomy through systematically
compiled studies on the basis of animal species. It is expected to serve as a guide for future studies in
this area.
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Veteriner Anatomide 3B Modelleme ve Baski Teknolojisi

0z

Anatomi canlinin yapisini, iginde yer alan organlari ve bu organlarin belirli sistemler dahilinde galisma-
sini inceler. Bu anatomik yapilar anlatilirken gesitli materyaller kullanilir. Formaldehit, sivi kdpiik sa-
bun, etanol ve sitrik asit ¢ozeltisi icerisine konan organlar uzun siire ¢ciirimeden tutulsa da bu sivilarin
solunmasi, birebir temasta bulunulmasi sagligi tehdit etmektedir. Glinimiizde teknolojinin de ilerle-
mesi ve neredeyse tim alanlarda kullanimi veteriner anatomi alanina da yansimistir. Goériintiileme
yontemleri ve gesitli yazilimlar kullanilarak anatomik yapilar 3B olarak incelenebilir. Boylelikle erigimi
zor olan anatomik yapilar ve kiigiik boyutlardaki anatomik olusumlara bakalabilme imkani sunulmak-
tadir. Cesitli 3B baski cihazlari kullanilarak bu modellerden materyaller elde edilebilmektedir. Boyle-
likle formaldehit gibi zararh kimyasallarla daha az kontaminasyonla daha hijyenik kosullarda ¢alismak
mimkiindir. Sunulan galismada veteriner anatomi alaninda 3B modelleme ve baski teknolojisiyle ala-
kali bilimsel ¢calismalar sistemsel olarak biraraya getirildi. Hayvan tiiri bazinda sistemsel olarak derle-
nen ¢alismalarla 3B'nin veteriner anatomide geldigi nokta anlatilmaya ¢aligildi. Bu konuda yapilacak
olan galismalara yol gosterici olacag diistinilmektedir.

Anahtar Kelimeler: Anatomi, 3B modelleme, sistemler, teknoloji, veteriner
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INTRODUCTION

Veterinary anatomy is one of the cornerstones of veterinary
medicine. This course uses various materials (1). Although
dissection allows three-dimensional examination of anato-
mical structures, this method leads to the death of many ani-
mals. In addition, the harmful effects of formaldehyde and
the challenges of examining small structures are significant
issues (2). Today, various technological tools and platforms
are used to support educational activities. These include 3D
modeling and printing technology (3). 3D imaging and aug-
mented reality applications are becoming increasingly com-
mon. These methods enable clearer visualisation of hard-to-
reach areas, spatial depth monitoring from different angles,
and access to learning materials at any time (4,5). Data obta-
ined from tissues and/or organs can be converted into 3D mo-
dels using various imaging techniques. This process is called re-
construction or reformation. This method facilitates an unders-
tanding of irregular surfaces and enables various changes to be
made to them (6,7). Studies have shown that physical materials
taken from 3D models help students to understand and study
anatomical structures more effectively (8).

Imaging methods are used as a term that encompasses
all diagnostic methodologies used to create a visual repre-
sentation of body structures. 3D reconstruction of various
structures can be done using imaging techniques (6). These
include computed tomography (CT), magnetic resonance
imaging (MRI), conventional radiography, ultrasound, and
nuclear medicine. CT, MRI, radiography, and ultrasound are
the most commonly used non-invasive imaging methods in
veterinary medicine. CT is based on the principle that diffe-
rences in the absorption of X-rays become visible (9). CT,
which has a place in the field of veterinary medicine in the
diagnosis of neurological, oncological, and orthopedic disea-
ses, was applied in the diagnosis of neoplasm cases in dogs
in 1980-1981 (10,11). It is an imaging technique for obtaining
images by taking sections from the body (12). The most im-
portant advantages of CT are that it can be used effectively
in structures containing voids and that it can provide a high
level of detail in cross-sectional images (11,13). In MRI, a sig-
nal is produced as a result of the interaction of protons in the
tissues with a strong magnetic field and radiofrequency pul-
ses. The contrast in the resulting magnetic resonance (MR)
image reflects the water content of different tissues. It is ge-
nerally used in soft tissues (9). This method, discovered in
the 1940s, began to be implemented only in the 1970s and
1980s. MRl is also used in pet animals in diagnosis and diag-
nostic processes (11,14). Biological images obtained from CT
and MRl are exported as cross-sectional images in a standard
data format called Digital Imaging and Communications For-
mat in Medicine (DICOM). DICOM images are used to create
3D models (15). Structures can be obtained from these ima-
ges with 3D printing technology (16).

One of the most common methods used for 3D printing
is 3D scanning. It's particularly popular for creating and prin-
ting digital versions of hard tissues and organs. 3D printing
technology is based on engineering. The aim here is to create
a prototype for a structure or to produce a part. While it was
a time-consuming and expensive process at first, there was
a tendency towards methods that took less time and money.
This continued to gain momentum in the 1980s. Later, com-

3D Modeling and Printing Technology in Veterinary Anatomy

puter-aided drawing (CAD) was produced (16). The 3D prin-
ter was invented by Chuck Hull in 1986 (17). In 3D printing, a
layered manufacturing process is used to create a 3D model
of material layers. 3D printing technology today encompasses
a wide variety of materials and methods. The structure and
functions of the filaments used have become highly speciali-
zed, reaching the point where they can be used in the produc-
tion of prosthetics and orthotics. In 3D printing, different or-
gans and systems can be produced with different printing ma-
terials (18). CT and MRI scans can be used to create digital
input for 3D printers in the form of stereolithography (STL) fi-
les. STL files can be modified with computer programs before
printing, allowing you to make changes to the model (19).

1. Studies on Osteology

Bones, the basic building blocks of osteology, come together
in a certain order to form the skeleton (20). Anatomical for-
mations of bones can be examined through 3D models. Sex
distinction can be made in animals by looking at their bones,
and morphometric, volumetric and geometric measurements
can be made on 3D models created from bones (21-30).

In a study conducted with rats, 3D modeling of the ossa
membri thoracici was performed. Advanced processus
(proc.) coracoideus and fossa subscapularis, and proc. hama-
tus and proc. suprahamatus structures were observed in the
acromion. Margo cranialis is shorter than margo caudalis
and the incisura scapulae is seen as a wide notch. Foramen
(for.) supratrochleare and for. supracondylare were not ob-
served in the humerus. It was observed that the radius and
ulna were two separate bones; the tuber olecrani had three
protrusions and a groove extending distally from the incisura
trochlearis on the ulna. The length and width of the scapula
and the latero-medial diameter measurements of the radius
showed statistically significant differences between the gen-
ders, while no differences were observed in the humerus
and ulna bones (21). There are many studies on Van cats. In
one study, the clavicle and scapula bones were reconstruc-
ted. It was observed that the clavicle is located in front of the
proximal end of the humerus and is a slightly curved bone
independent of the other bones. While morphological diffe-
rences were observed between the sexes in the clavicle and
scapula bones, it was determined that the values were larger
in men in volumetric measurements. Reconstructed images
of the scapula are given in Figure 1 (23). In another study,
humerus and antebrachium bones were reconstructed,
morphometric and volumetric measurements were made,
and differences between the sexes were evaluated. In gene-
ral, it was observed that the measurement values were lar-
gerin male cats (24). A study in New Zealand rabbits used 3D
reconstruction of various limb bones. As a result of exami-
ning the models, it was determined that the longest bone
was the tibia. It has been stated that the parameters of the
scapula, humerus, antebrachium, and tibia bones differ
between the sexes and can be used for discrimination (28).
In another study conducted with New Zealand rabbits, the
humerus and femur, which are long bones, were examined.
In male rabbits, it was observed that the bones on the right
side had a larger volume and surface area than those on the
left side. However, these differences were not considered
significant in terms of gender discrimination and it was sta-
ted that the distinction could not be made here (31).
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Figure 1. Reconstructed image of the scapula in the Van cat. A: Lateral
view, B: Cranial view, C: Medial view (22).

In a study, the bones of the ossa membri thoracici and
ossa membri pelvin of the gazelle (Gazella subgutturasal)
species were examined. It has been stated that the longest
bone is the tibia, and when the overall skeletal system is
examined, differences are seen between the sexes and can
be used for distinction (22). In a study conducted with Van
cats, 3D reconstruction of ossa carpi, ossa metacarpalia I-V
and ossa digitorum manus bones was performed. When
morphometric and volumetric measurements were exami-
ned, it was determined that the differences between male
and female cats were significant and the values were higher
in male animals (25). In another study conducted with Van
cats, 3D reconstruction of the metatarsus and phalanx bones
was performed. According to the measurement results ob-
tained, most measurement values in male animals were fo-
und to be higher than in female animals. In addition, the
length order of the metatarsus bones was determined as IV,
I, V and Il (26). In a study conducted with Siirt colored an-
gora goats, 3D reconstruction of the bones forming the os
metacarpus and ossa digitorum manus (phalanx proximalis,
phalanx media and phalanx distalis) was performed. Values
differing between genders were measured higher in male
animals (29). In a study conducted on the brown bear (Ursus
arctos), the ossa cruris was examined using MDCT. It has
been observed that the tibia and fibula bones articulate and
unite in the proximal and distal parts (32).

In a study conducted with Van cats, morphometric va-
lues of the cranial and caudal diameters transversa of the ca-
vum pelvis were determined from reconstructed models and
gender differences between these indicators were exami-
ned. A relationship was observed between age and the cra-
nial and caudal opening of the cavum pelvis in female cats.
In male cats, a significant relationship was observed
between age and weight and dorsal, medial and caudal dia-
meters transversa. Medial and caudal diameters transverse
were measured larger in male cats. In addition, the inclina-
tion of the pelvis and the ischial arch were larger in female
cats. It was also observed that the caudal aperture was larger
than the cranial (33). In Kangal dogs, the diameter conjugata,
diameter transversa and diamater verticalis of the cavum
pelvis were examined and the angles in the pelvis were me-
asured. It was observed that the diameters in the pelvic ca-
vity were larger in males than in females (34).

In one study, 3D bone models were created from digital
images of the dog cranium obtained via CT and 3D printing
was done. The digital image and print model of the cranium
are given in Figure 2 (35). In a study conducted with porcu-
pine (Hystrix cristata), 3D modeling of the cranium was per-
formed and then morphometric measurements and diffe-
rences between the sexes were examined. As a result of the
study, it was determined that the cranium length was the

longest measurement, the shortest measurement was the
palatal width; in the mandible, the longest measurement
was the total mandible length and the shortest measure-
ment was the margo interalveolaris (27). In a study conduc-
ted with Akkaraman and Kangal Akkaraman sheep breeds,
after taking CT scans of the craniums of these animals, 3D
models were created from these images and morphometric
measurements were taken from them. As a result of the
study, a significant difference was found in the parameters
of cranium length and width, nasal length and width, cranial
length and width, facial width, for. magnum height and
width, os frontale width and short distance between two or-
bits as a result of statistical analysis. According to the results
of geometric morphometric analysis, in the craniums of Ak-
karaman and Kangal Akkaraman breed male sheep; in the
dorsal direction, there were differences in the protuberantia
occipitalis externa, the junction of the coronal suture-interf-
rontal suture, the internasal suture and the anterior edge of
the internasal fissure; and in the lateral direction, there were
differences in the anterior end of the septalis process and
the slope of the dorsum nasi towards the labium (36). In one
study, 3D images were created from the cranium of seagulls
to compare them with other birds. It has been stated that
measurements taken from the cranium will help determine
the taxonomic location of the seagull head (37). In a study,
3D reconstruction method was used to define the bone
structures in the cranium of the capybara (Hydrochoerus
hydrochaeris) rodent. It has been stated that bones can be
selected thanks to these 3D models (38).

The jawbone (os mandible) of Romanov (Ovis aries)
sheep breed was examined and its morphological features
were determined. Differences between genders were evalu-
ated in line with the obtained data. As a result of the measu-
rements, it was determined that the volume and surface
areas of rams were higher than those of females (30). In a
study, 3D modeling of the os hyoideum bone of different ani-
mal species such as equide, ruminant, carnivorous, and sus
was carried out. After scanning the os hyoideum bones, 3D
modeling was done and 3D prints were produced from these
models (39).

Figure 2. Digital and 3D printed model of the carnivore cranium. A, la-
teral view of digitized cranium bones. B, is the lateral view of the 3D
printed biomodel. Proc. frontalis of os zygomaticus (1), proc. zygomati-
cus of os temporale (2), Os temporale (3), Os parietale (4), Os interpa-
rietale (5) (34).

In a study, in order to examine the detailed anatomy of
the cervical joint surfaces (APJ) of horses and to look at its
effect on the medulla spinalis, the 3D anatomy of the APJ in
relation to the medulla spinalis was examined. As a result of
the study, it was stated that APJ alone will not put pressure
on the medulla spinalis and will not cause disease as long as
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there is no soft tissue or bone damage in the region (40). In
a study conducted with foxes (Vulpes vulpes), vertebrae cer-
vicales were examined. The images were reconstructed in 3D
and the vertebrae were compared by looking at the length
and diameter of the corpus vertebrae of each vertebra
except the first vertebra, and the diameter of the for. ver-
tebrale. The average of each measurement value was calcu-
lated. Corpus vertebra length decreased from C2 to C7. The
transverse diameter decreased from C2 to C4 and increased
from C5 to C7. The sagittal diameter increased from C2 to C4
and decreased from C5 to C7. It was observed that the trans-
versal and sagittal diameters of the for. vertebrae increased
from C5 to C7 (40). 3D images of the columna vertebralis
were examined using MDCT data in gazelles. The number of
vertebrae was found to be 7 cervical, 13 thoracal, 6 lumbar,
5 sacral and 12-16 caudal (22).

2.Studies Related to Arthrology

Arthrology studies the relationships between the bones that
make up the skeleton. The attachment of these structures to
each other is in the form of synarthrosis (immobile), diarth-
rosis (mobile) and amphiarthrosis (semi-mobile). Joints
enable movements such as abduction, adduction and rota-
tion (20,42). Since these movements are more important in
some breeds, the structures that form them have been
examined (43,44). Diseases such as hip dislocations is impor-
tant disorders related to the movement mechanism (45).

In a study conducted with French Bulldogs, since the fe-
moral external rotation and abduction angle are higher than
other breeds, the effects of the movements in the leg on the
patella were examined using 3D images. It was concluded
that diagnosis and treatment can be applied more easily by
looking at these images (44). In this study, the accuracy of a
3D automated method (computer-aided design, aCAD) used
to measure three different femoral angles in dogs: anatomi-
cal lateral distal femoral angle (aLDFA), femoral neck angle
(FNA), and femoral torsion angle was evaluated. It has been
stated that the obtained 3D models have a high accuracy
rate, therefore the method can be used in patella luxation,
femoral degenerations and in the design of patient-specific
hip prosthesis structures. It has been said that the most im-
portant advantage of this method is that it eliminates user-
induced measurement differences by automatically calcula-
ting femoral angles (43).

The structure of the art. genus was examined by per-
forming 3D reconstruction using MRI and MDCT in New Ze-
aland rabbits. When statistical measurements were exami-
ned, differences were observed in rabbits of the same we-
ight and different genders. The image of art. genus is given
in Figure 3 (46). In a study, 3D reconstruction of the lig. sac-
rotuberale, which is important for hip dislocations and pe-
rineal hernias in dogs, was performed. As a result of dissec-
tion and morphometric measurements, no statistical diffe-
rence was found between the right and left lig. sacrotube-
rale (45). In a study, 3D evaluation of the art. glenohume-
ralis was performed in sheep, cats, and rabbits. When the
results were examined, it was found that the highest values
were generally in sheep and the lowest values were in cats
(47).
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Figure 3. Lateral view of the left side art. genus of the New Zealand
rabbit (45).

3. Studies on the Systema Digestorium (Digestive System)

The digestive system is important for the nutrition and de-
velopment of the animal. In order to correctly diagnose di-
sorders that may occur in the organs of this system and to
perform appropriate interventions, the relevant organs must
be well known. Practical training can be done on these or-
gans by taking print models (48). Digestive system organs
may differ among animal species (20,42). It is difficult to ac-
cess cadavers of every animal species or to ensure the pre-
servation of these organs. The similarity of 3D printing mo-
dels with real organs and the use of these models in educa-
tion have been evaluated (49-51).

In a thesis study conducted with New Zealand rabbits,
the gastro-intestinal system (GIS) organs of these animals
were examined. As a result of measurements made on 3D
models, the ratios of the surface areas of the gaster, caecum,
and intestines other than caecum to the total digestive sys-
tem surface area were determined as 11%, 39%, and 48%,
respectively. The ratios of the volumes of the same structu-
res to the total system were calculated as 17% for the sto-
mach, 59% for the caecum, and 23% for the intestines. As a
result of length measurements performed on dissected ani-
mals, it was determined that the longest intestinal section
was the jejunum (11). In one study, a 3D printing model of
the upper digestive tract of dogs was created. Students sta-
ted that the model was useful and understandable. It was
also stated that the model would be beneficial for endos-
copy applications (48). In a study on the upper digestive sys-
tem of rabbits (Oryctolagus cuniculus), the organs were visu-
alized by X-ray. The philtrum structure, sulcus medianus lin-
gua, and torus lingua structures were observed. Filiform pa-
pillae, fungiform papillae, foliatae papillae, and vallatae pa-
pillae were observed on the tongue (52).

When examining the teeth of horses, the aim was to
observe changes in the distance (dentin thickness) between
the cavum pulpa and the facies occlusalis and labialis of the
incisors over time. The examinations revealed that the den-
tin thickness between the cavum pulpa and the facies occlu-
salis decreased with age in the upper and lower incisors,
while the thickness between the cavum pulpa and the facies
labialis increased (53). The dental anatomy of the Narwhal
(Monodon monoceros) was studied using CT and 3D
software. The positions of the remaining teeth in the jaw
were examined (54). Another study aimed to create 3D ana-
tomical models of the lingua of domestic mammals (cows,
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dogs, horses, and pigs). Anatomical features and species-ba-
sed differences in lingua print patterns were easily identified
(49).

In a study, the anatomical structure of the sheep gaster
was examined through 3D modeling and printing. It was sca-
led down and printed, taking into account its anatomical
structure. It has been stated that these models are very si-
milar to the real ones in terms of morphology and appea-
rance and will be useful as educational materials. The image

of gaster is given in Figure 4 (50). In a study conducted with
sheep gaster, 3D printing models were created using the fu-
sion deposition modeling (FDM) method. In the survey con-
ducted among first-year veterinary faculty students regar-
ding whether there is a difference between real gaster and
3D printed models and the ability to select anatomical struc-
tures in printed models, no morphological difference was re-
ported and equal identification was possible (50).

2
20
2
9
19
14
- !

Figure 4. Small ruminant open gaster model. Views from right (A) and left (B). Esophagus (1); saccus dorsalis (2) and saccus ventralis (3); saccus caecus
caudodorsalis (4) and saccus caecus caudoventralis (5); pila caudalis (6); sulcus coronarius dorsalis (7) and sulcus coronarius ventralis (8); reticulum
(9); omasum (10); ostium reticulo-omasicum(11); ostium omaso-abomasicum (12); sulcus omaso-abomasicum (13); abomasum (14); pars pylorica of
the abomasum (15); torus pyloricus (16); duodenum (17); sulcus ruminoreticularis (18); sulcus cranialis (19); sulcus accessorius sinister (20) and sulcus
longitudinalis sinister (21); sulcus coronarius dorsalis (22) and sulcus coronarius ventralis (23); sulcus caudalis(24) (50).

In a study on cat hepar, the branching of the arte-
rial, venous, and biliary tracts of 6 cat cadavers were exami-
ned in 3D. Their computerized tomography angiography
(CTA), 3D printing and epoxy injected forms were examined
and they were examined among themselves. As a result of
the examinations, the arterial, venous, and biliary pathways
associated with each lobus hepatis could be identified with
the help of 3D prints. It has been stated that the cat hepatic
system is different from that of dogs. Images of these are gi-
ven in Figures 31 and 32 (55).

4.Studies on Systema Respiratorium (Respiratory System)
Respiration is a system consisting of the basic organs that
provide gas exchange between the atmosphere and the
blood of the living being and the auxiliary organs responsible
for the transmission of this air (20). When looking at the cra-
nium, the cavum nasi and the paranasales sinus are the most
complex structures in terms of the respiratory system. These
structures need to be known for correct diagnosis and treat-
ment in case of any disease that occurs in the region (56-59).
In a study conducted with zebu cattle (Bos Taurus Indi-
cus), the cranium was examined. Four nasal conchae (named
dorsal, medial, ethmoidalis, and ventral) and five paranasal
sinuses (sinus frontalis, maxillaris, palatinorum, and lacrima-
lis) were identified on CT image. Sinus frontalis was found to
be the most complex sinus (59). In a study conducted with
male Tuj sheep, cavum nasi and paranasales sinuses were
examined. It has been stated that the sinus frontalis has the

largest volume and the sinus lacrimalis has the smallest vo-
lume (56). In a study, 3D reconstruction of the paranasal si-
nuses in ponies was performed and examined. In the exami-
nations, it was seen that the paranasal sinus consists of 7 si-
nuses, as in large horses. It has been observed that sinus vo-
lume increases in proportion to cranium length in animals
younger than 6 years of age (58). In a study conducted with
Holstein cattle, CT scans were performed after examining
the cross-sectional anatomy of the cavum nasi and parana-
sales sinuses, and then 3D reconstruction was performed.
The visual of these structures is given in Figure 5. In 3D mo-
dels, the structures in the cavum nasi and paranasalis sinuses
could be easily selected. As a result of the evaluations, it was
found that the sinus sphenoidalis was the smallest and most
asymmetric sinus, while the sinus frontalis was the sinus
with the most complex structure, surrounding almost all the
bones around the cavum cranii. It has also been stated that
the ethmoidale is the only bone directly related to all airways
(except for the sinus and cellulae of the concha nasalis vent-
ralis). As a result of morphometric measurements, it was de-
termined that there was no significant difference between
the right and left sides (57).

In a study conducted with Kangal dogs, a 3D examina-
tion of the trachea, one of the respiratory system organs,
was made. When looking at the models, it was stated that
the trachea was dorsoventrally flattened and partially ellip-
soid-shaped (60). In a study on the respiratory system organs
of the Egyptian tortoise (Testudo kleinmanni), 3D examina-
tion of the organs was performed using a digital camera and
CT. As a result of the study, it was seen that the trachea was
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shorter compared to other animal species, and the other
structures were generally compatible. Initially, the pulmo-
nary arteries had a homogeneous appearance, but they later
became divided into regions with no respiratory function.
This change is said to increase the curvature of the upper
shell, enabling the turtle to easily right itself after falling on

- Cavum nasi (R)

Sinus conchae dorsalis (R)

Sinus maxillaris (R)
Sinus lacrimalis (R)

- Sinus palatinus (R)

- Sinus frontalis (R)
Cavum nasi (L)

HE sinus conchae ventralis (L)

its back (61). In a study conducted with New Zealand rabbits,
CT scans of the respiratory system organs were taken and
then, using 3D images and biometric values, the volume and
surface area of these organs were calculated as 68028 mm?
and 22447 mm?, respectively (62).

- Sinus palatinus (L)

Sinus frontalis (L)

I sinus sphenoidalis (L)

Sinus maxillaris (L)

Sinus lacrimalis (L)

Figure 5. 3D reconstructed models of the cavum nasi and paranasales sinuses in holstein cattle. A (View from rostral), B (View from caudal)

5.Studies on Systema Urogenitale (Excretory and Repro-
ductive Organs)

Excretory and reproductive organs are structures located
side by side and are important for the continuity of the living
being and ensuring internal balance (20). These organs and
their disorders can be examined using 3D modeling (63-66).

5.1. Organa urinaria (excretory organs)

In a study conducted on Kangal dogs, the anatomy of ren
dexter and ren sinister was examined in 3D. The measure-
ment value of ren dexter was found to be greater than that
of ren sinister, and a rotation anomaly was detected in one
of the ren dexters. Ren dexter and ren sinister are shown in
Figure 6 (64). In another study conducted on New Zealand
rabbits, 3D reconstruction of the rabbits using MDCT was
performed to examine their biometric features. In the study,
it was determined that ren dexter was larger than ren sinis-
ter in terms of volume and length and width. In addition, ren
sinister was observed to be flatter than ren dexter (63).

In one study, the application of the retrograde CT urethra
imaging technique in healthy female Beagle dogs was exami-
ned. It has been stated that the volume and diameter of the
urethra may vary depending on whether the vesica urinaria
is empty or full (66).

(56).

Figure 6. 3D view of Kangal dog ren. Dorsal plane, 3D view of ren dexter
(R) and ren sinister (L) (63).

5.2. Organa genitalia (genital organs)

In a study on the male Red fox (Vulpes Vulpes), the organ
genitalia was examined macroanatomically and 3D reconst-
ructed. Anatomical findings showed that the testicle was
oval-shaped and located horizontally in the scrotum. It is sta-
ted that only the prostate gland is located as glandulae (gl.)
genitales accessoria and is positioned around the urethra. Os
penis was observed within the pars spongiosa penis. No dif-
ference was found between the measurements taken from
the digital caliper and the 3D model (65). In a study, the mac-
roscopic and morphometric features of the os penis (bacu-
lum) of the brown bear (Urcus artos) were examined with
the help of CT and digital caliper. A distinct sulcus urethralis
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was detected on the bone, and it was determined that the
measurements made with calipers and the data obtained
from CT images were compatible with each other (66). In a
study conducted with New Zealand rabbits, male reproduc-
tive organs were examined and some organs were evaluated
with MRI. It has been determined that the prostate gland
consists of three parts: proprostate, corpus prostate, and pa-
raprostate, and the bulbourethral gland is the size of a green
lentil and is found in pairs (68).

6.Studies on Systema Vasorum (Circulatory System)

Circulation, which has a specific network and routing struc-
ture throughout the animal's body, is a system that needs to
be understood (42). The vascular structure and its distribu-
tion in the body have a complex structure. When surgical in-
terventions are performed for disorders that occur, it is de-
sired not to damage the structures in the region (69). The
nutrition of organs depends on the condition of the vascular
structures. Accurate knowledge of vascular structures is im-
portant in detecting any anomalies that may occur. Correct
evaluation of the anatomical structure of the vessels may al-
low for more accurate diagnosis of diseases (70,71).

In one study, a 3D printing model of a dog's cor was
created and its effect on student work was examined. In this
study, two groups were formed to examine the video guide
for anatomy with 3D printed models or using the video guide
only. When the results were examined, it was observed that
these models increased the impact of students on the course
(72). Macroscopic sections and 3D reconstruction images of the
cor of the dromedary camel were compared. When macrosco-
pic sections and CT images were examined, more information
about ventricular mass measurements was obtained (73).

In a study conducted on cranial vessels in pigs, the cor-
rosion cast technique was applied to the arteries and then
3D reconstruction was performed on these models using
cone beam computed tomography (CBCT). It has been stated
that anatomical structures can be clearly seen in 3D models
in accordance with reality. Images of these structures are gi-
ven in Figure 7 (74).

Figure 7. Comparison of different corrosion castings and 3D models of
the sus cranium. (a) Laterocaudal view of duracryl plus corrosion cas-
ting sample, (b) caudoventral view of 3D model of duracryl plus corro-
sion casting sample, (c) lateral view of gelatin corrosion casting sample
after partial dissection, and (d) ventral view of 3D model of gelatin cor-
rosion casting sample (73).

In one study, abdominal vascularization of adult cats
was examined using anatomical and diagnostic imaging tech-
niques. As a result of the study, it was stated that normal
vascular structures can be used as 3D models in veterinary
clinics and may contribute to 3D modeling studies on vascu-
lar anomalies in the future (70). In a study, transcaval ureter
anomaly was first described in dogs and cats and examined
with CT. In the CT images, segmental duplication of the cau-
dal venae cava in the prerenal segment and the formation of
a vascular loop through which the ureter passes were seen
in 3 cats and 2 dogs. In the images, this situation is described
as a "double-barreled shotgun". The malformation is divided
into two groups according to the arrangement of the branc-
hes of the caudal venae cava and their relationship with the
aorta: Type | (symmetric, on the right lateral side of the
aorta) and Type Il (asymmetric, on the right dorsal side of the
aorta). This anomaly was associated with hydroureter and
mild pyelectasis in one case, while it was detected inciden-
tally in three cases and its clinical significance remained unc-
lear in two cases. CT has been evaluated as a suitable met-
hod in the diagnosis of this disease, but it has been stated
that this congestive condition requires further clinical inves-
tigation (71).

In one study, the normal anatomy of the vessels in the
abdomen and pelvis of two adult female cats was examined
using contrast-enhanced CT angiography, non-contrast MR
angiography, and 3D printing techniques. CT angiography
demonstrated the major vessels in detail. In the images ta-
ken from MRI, the vessels were seen and selected brighter
than the surrounding organs. It has been stated that the
printed models show the main veins in terms of location and
shape. It was stated that these images and models will cont-
ribute to future research (75).

7.Studies on Systema Nervosum (Nervous System)

The nervous system is a system that enables the interaction
of the living being with its environment and keeps the body
in a certain balance by working together with the immune
system, endocrine and sensory organs (9). Disorders occur-
ring in the ventricular system in the brain cause the forma-
tion of some diseases (76). Some anatomical structures in
the brain play an important role in the diagnosis of an impor-
tant zoonotic disease such as rabies (42,77). There are diffi-
culties in identifying macroscopic structures and associating
them with diseases (78,79).

In one study, 3D models were created from histological
sections of the cervical region of the medulla spinalis of a
thoroughbred English horse (80). In a study, the cerebrum
structure of Akkaraman sheep was examined anatomically
using the 3 Tesla MRI technique. As a result of morphometric
measurements, it was determined that the cerebrum, he-
mispherium cerebri, cerebellum, and medulla oblongata
structures were longer and wider in male animals. It has
been observed that the left hemispherium cerebri is longer
and the right hemispherium is higher in males; the left he-
mispherium cerebri is longer in females. As a result of vo-
lume measurements obtained from 3D reconstructed mo-
dels, no significant difference was observed between gen-
ders (81). In a study, 3D sheep brain models were created
using MRI scanning. It was stated that their printed models
could be used for education (82). In a study on the ventricles
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located in the encephalon in animals, 3D printing models of
these were created. A survey was conducted among stu-
dents to evaluate the effectiveness of the print models. Ac-
cording to the survey results, many students stated that the
use of print materials was necessary and would facilitate the
learning process. Ventricular system models are given in Fi-

gure 8 (83).
.

Figure 8. Different 3D printed ventricular system models in the dog. a-
Normal 3D printed ventricular model of a dog, cranio-lateral view. b-
Larger 3D printed ventricular model of a dog, lateral view. c-Normal 3D
printed ventricular model of a dog, cranio-dorsal view. d- Normal 3D
printed ventricular model of a dog, dorsal view. e- Normal 3D printed
encephalon and entire ventricular system, cranio-lateral view. The right
half of the encephalon was removed to show aspects of the entire vent-
ricular system (82).

8. Studies on Organa Sensuum (Sensory Organs)

Organa sensuum includes the special and general senses
that enable the living being to relate to its environment. It
consists of the special senses of vision, hearing, balance,
taste, and smell; and the general senses of touch, tempera-
ture, pain, and pressure. Sensory organs can be listed as or-
ganum olfactus (smell), organum gustus (taste), organum vi-
sus (eye), organum vestibulocochlearis (balance and hearing
organ), and integumentum commune (touch) (42,84).

8.1.0rganum vestibulocochleare (organ of balance and
hearing)

Some anatomical structures are difficult to examine and use
as educational materials due to their location and size. The
structures within auris are also included in this group. The-
refore, the evaluation of these structures using 3D models
provides a more understandable and visually accessible app-
roach (4,5,85,86).

In a study, computer-aided 3D models of the auris in-
terna and auris media regions were examined in order to
evaluate the effect of 3D models on anatomy education. In
order to test the model in the study, one group was trained
with models and the other group was trained with the tradi-
tional method. In the 15-question exam administered after
the training process, it was determined that the first group
(28 students) achieved an average of 83% success and the
second group (29 students) achieved an average of 65% suc-
cess (87). The auris interna of the rabbit was examined with
3D models. While the ossicula auditis was clearly observed
macroscopically, it could not be observed clearly in CT ima-
ges. It has been stated that in the images obtained from MRI,

each of the fluids in the auris interna can not be clearly ob-
served separately, but other structures can be seen easily. It
was stated that labyrinthus osseus, labyrinthus membrana-
ceus, and their subdivisions can be clearly seen and distingu-
ished from each other in 3D models. Studies have shown
that the structure of the auris interna of the rabbit is similar
to human anatomy (86).

8.2. Organum visus (eye)

In an experimental study, retinal prostheses were intended
to be made to restore vision to patients who had lost their
visual functions. The organum visus of mouse, rat, and rabbit
was examined anatomically and histologically. 3D images
and models of these animals have been successfully genera-
ted, on which it was possible to identify the most suitable
sites and ensure a safe implantation (88). In a study conduc-
ted with Brown Norway rats, 3D examination of the nervus
opticus and the anatomical structures around it was perfor-
med and macroscopic and microscopic findings were exami-
ned. Some of their anatomical formations are given in Figure
9 (89). Micro-CT and macroscopic methods were used toget-
her for the volumetric evaluation of the bulbus oculi and its
anatomical structures in Bama Miniature Sus, New Zealand
rabbits, and Sprague-Dawley rats. For each organum visus,
bulbus oculi, camera anterior bulbi, lens, and camera vitrae
bulbi volumes were measured and imaged. The results
showed that there are differences in the ratio of the anato-
mical structures of the organum visus to the volume of the
bulbus oculi among different species. Especially in Sprague-
Dawley rats, the ratio of the lens volume to the volume of
the bulbus oculi was found to be the highest. This indicated
that the possibility of damage to the lens during intra-ocular
procedures may be higher. It was emphasized that the study
could contribute to research in the field of ophthalmology
(90).

Figure 9. Anterior view of the arteria centralis retinae and surrounding
arteries in the rat and the inner surface of the corpus vitreus (88).

8.3. Integumentum commune

In addition to being a sensory organ, the skin also has func-
tions such as protecting the body, regulating temperature,
and eliminating toxic substances. The integumentum com-
munae is a comprehensive organ that includes structures
such as subcutaneous connective tissue, dermis, epidermis,
hair, nails, horns, mammary glands, and skin glands. The skin
is a passive and active barrier that protects the body from
the environment (9,20). Unlike other organs, 3D models of
the skin have mostly been developed directly on humans



Kirbas Dogan and Kagmaz, Dicle Univ Vet Fak Derg 2025;18(2):193-204

due to their architectural simplicity and easy accessibility.
The development of these models appears to be beneficial
in the fields of pharmacology, cosmetics, and the treatment
of skin diseases (91).

9. Studies on Poultry

The systems and structures of poultry differ from those of
domestic mammals. Some poultry species are economically
important. The most prominent one is chicken, followed by
goose, duck, and turkey (42). Due to their economic impor-
tance, the health of these animals is important and imaging
techniques and 3D modeling are used for this purpose (92).
Important structures include the flight mechanism (93,94)
and the sacci pneumatici (95). In a study, MRI scans were
performed on roosters and chickens and their 3D images
were analyzed. It was stated that tissue differences and se-
lections could be made in the reconstructed images, and the
most appropriate sequences in MRI for poultry were deter-
mined (96). The use of micro-CT has become widespread in
research on bone health. Micro-CT has been used in bone
analysis in laying hens and has been reported to contribute
to obtaining more information about their health status (92).

In a study on the European starling (Sturnus vulgaris),
the muscles in the pectoral region were scanned with micro-
CT and then 3D modeled. It was reported that the modeled
muscles were accurate, but there were differences between
the digital and real models. It has been stated that these dif-
ferences are due to tissue complexity and data collection
methods. However, it is said that modeling provides the op-
portunity to visualize all muscles in 3D and to make more ac-
curate measurements (94). In a study with the falcon (Acci-
piter nisus), the muscles located on the cingulum membri
thoracici were examined using contrast-enhanced micro-CT.
Measurements were made and it was seen that the values
obtained from these measurements were similar to the ac-
tual dimensions. Thanks to contrast micro-CT and 3D mo-
dels, it was possible to evaluate the muscles in their real po-
sitions (93). A study was conducted on domestic ducks (Anas
domestica) with three gl. linguales and a topographic study
of the developmental stage and rate of these glands in rela-
tion to the os hyoideum bone. Rostral and caudolateral gl.
linguales were located on the lateral parts of the cartilago
entoglossum and os basibranchial, while caudomedial gl. lin-
guales were located on the os basibranchial (97). Using ima-
ging techniques, the 3D structures of the sacci pneumatici of
birds were evaluated and models were created according to
their sex and posture positions. Although the general anato-
mical structures of the sacci pneumatici were determined in
the study using different poultry, they could not be analyzed
in more detail. It was observed that there may be a diffe-
rence in the volumes of sacci pneumatici in the relevant re-
gion, since the organa genitalia occupies a certain area in dif-
ferent sexes. It was stated that the study would be a basic
source for sacci pneumatici and statistical analysis could not
be performed due to the insufficient number of animals.
Images of the sacci pneumatici in turkey (Meleagris gallo-
pava) are given in Figure 10 (95).

3D Modeling and Printing Technology in Veterinary Anatomy

Figure 10. Sacci pneumatici in turkey (Meleagris gallopava). (a) Lateral
view, (b) dorsal view, (c) ventral view (93).

CONCLUSION

When the contribution of anatomical reconstruction and 3D
models to education is examined, it is seen that these met-
hods are widely used in many structures and systems. Rese-
arch shows that 3D models have positive effects on the lear-
ning process and yield successful results. Today, with tech-
nology becoming inevitable, 3D modeling stands out as an
effective and efficient educational method. It is seen that
this method provides a more hygienic and accessible lear-
ning environment and allows looking at structures that are
difficult to reach. This increasingly widespread method ma-
kes important contributions to anatomy education. Looking
at the studies we have compiled, we see that the most stu-
dies were conducted in the field of osteologia, followed by
other systems. Although there are some deficiencies regar-
ding the organs in these systems, it can be said that there are
studies on each system in general. In the future, it is thought
that these deficiencies will be closed and the contribution of
3D modeling to education will continue to increase with the
additions to the existing information.

3D printing technology not only provides students with
educational materials but is also very effective in maintai-
ning the lives of sick animals. While simulated organs like
prosthetic beaks, legs, ears, and other materials may not be
as realistic, they do a great job of supporting and facilitating
animal life. Therefore, it seems difficult to predict the future
trajectory of 3D technology in veterinary anatomy.
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