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Original Article
Morphological Evaluation and Osteometric 
Measurements of the Persian Cat’s Antebrachium 
Bones Based on Computed Tomography Images

Background: Computed tomography (CT) is one of the most practical and accurate diagnostic 
imaging techniques to evaluate bones and joints in small animals. 

Objectives: The present study aimed to investigate the morphology and osteometric measurements 
of the Persian cat’s antebrachium bones based on CT images.

Methods: This cross-sectional descriptive study was conducted on 10 healthy adult Persian cats 
(5 males and 5 females). The anesthetized Persian cat was placed in a dorsoventral position on 
the CT scanner table with its forelimbs fully extended, and sagittal, transverse, and dorsal scans 
were performed from the proximal extremity of the metacarpals to the distal third of the humerus. 

Results: Based on the study results, CT provides the possibility of identifying most of the 
anatomical structures of the forearm area of the Persian cat. In the CT images, the bones appeared 
white due to their high density, and their medullary cavities were dark. Additionally, muscles 
and tendons were visible on different gray scales. The structural details of the joint between the 
proximal extremity of the radius and the capitulum of the humerus and the joint between the distal 
extremity of the radius and the radial carpal bone could be better evaluated in the transverse CT 
plane. Proximal radioulnar and radiohumeral joints were examined better in transverse and sagittal 
CT plans. All details related to the olecranon, anconeal, and coronoid processes were visible in 
sagittal, transverse, and dorsal CT reconstructions. The structural features of the joint between the 
semilunar notch and trochlea of the humerus were more visible in the dorsal CT plane. Based on 
transverse CT images, the thickness of the cortex and the internal diameter of the medullary cavity 
of the radius and ulna bones were measured and statistically analyzed. 

Conclusion: The results of this research indicate that the anatomical structures of the antebrachium 
bones of Persian cats are similar to those of other domestic cats. The study findings can be utilized 
in the teaching of computed tomographic anatomy, the interpretation of CT scan images, and 
performing clinical and treatment examinations of this breed of cat. 
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Introduction

ne of the most famous cat breeds in the 
world is the Persian breed. The Persian 
cat or Iranian cat is a long-haired breed 
that has a round and flat face and a short 
muzzle. The age of this cat is about 10 

years, but in good conditions, it may reach up to 19 years 
(Schmidt et al., 2022). The color of their eyes is blue 
or orange and is often blue in albino cats (Wilhelmy et 
al., 2016). The flat face type of the Persian cat, due to 
brachycephalic syndrome, has a round and large skull 
and a short nose. Feline antebrachii bones include two 
long bones: Radius and ulna, which are separate from 
each other and differentiated (Field & Taylor, 2018). The 
ulna bone is located on the caudal and medio-lateral sur-
face of the radius. This bone is longer than the radius in 
cats. The proximal extremity of the ulna bone includes 
olecranon, anconeal, and coronoid processes (Reighard 
& Jennings, 2022). Bone morphometry is the study of 
quantitative and three-dimensional bone characteristics 
that are measured manually on bones or using diagnostic 
imaging techniques. The results of morphometric analy-
ses in different animals can be used as a reference for 
evaluating the processes of bone, joint, and muscle dis-
eases. 

Computed tomography (CT) is one of the diagnostic 
imaging methods to investigate complications and dis-
eases of bones and joints in exotic and small animals 
(Molazem et al., 2024; Keane et al., 2017; Atiyah & 
Alkattan, 2024). This non-invasive diagnostic imaging 
technique can display the structural features of the bones 
and joints of the body. Preston et al. (2015) performed 
radiography and CT scans of the forearms of dead cats. 
They described the characteristics of the bones in this 
area and declared their findings as a useful reference for 
future research and clinical applications. In this research, 
the average lengths of the radius and ulna were reported 
to be 95.89 and 114.67 mm, respectively, and the can-
cellous bone volume of the olecranon was 94.16 mm³. 
In a geometric accuracy study, Webster et al. (2019) in-
vestigated CT, micro-CT, and laser scanning methods 
for evaluating the articular surface of the distal radius 
in lost cats. They reported that articular surface models 
obtained from CT images exhibit dimensional errors, de-
spite matching the voxel size. Based on this finding, they 
have stated that CT cannot be used for arthroplasty treat-
ment decisions in small joints because it may not have 
the necessary accuracy to correct limb deformation or 
fracture repair. In another study, Major et al., described 
the CT findings of mycobacterial disease in infected cats 
and reported the skeletal complications caused by this 

disease, such as osteolytic and osteoproliferative lesions 
on the radius and ulna bones (Major et al., 2021). By re-
searching cats suffering from elbow osteoarthritis, Ley et 
al. (2021) compared the diagnostic value of radiography 
and CT techniques, reporting that CT has more diagnos-
tic value and can detect the early and mild stages of this 
disease. Rossi et al. (2003) investigated bilateral radio-
ulnar synostosis with secondary elbow malformation in 
a sterile male cat by performing different diagnostic im-
aging methods. They claimed that CT is more diagnostic 
preferred compared to other diagnostic procedures. As-
sessment of the tomographic features of the Persian cat’s 
antebrachium bones can be beneficial in identifying ana-
tomical characteristics and pathological examinations. 
Different imaging techniques can be useful in diagnos-
ing this type of damage. However, a precise examination 
of details related to the normal anatomy (morphology 
and morphometry) of these bones is necessary. Current-
ly, radioanatomical studies of the forearm bones of the 
Persian cat are rare, and there are no detailed reports in 
this respect. Accordingly, this study aimed to investigate 
the morphology and osteometric measurements of the 
Persian cat’s antebrachium bones by CT using 3D mod-
eling. The results of this research can be used in identi-
fying anatomical characteristics, investigating different 
species of Persian cats, teaching anatomical sciences and 
interpretation of CT scan images, as well as performing 
clinical and treatment examinations of this breed of cat.

Materials and Methods

Study design and animals

This cross-sectional descriptive study used 10 healthy 
adult Persian cats (5 males and 5 females) with an aver-
age age of 31.1 months and a mean weight of 4.9 kg, 
with proper nutrition (Table 1). The maturity of these 
cats was confirmed based on the plain radiographs (Ca-
togram) obtained and the dental formula (Muhlbauer & 
Kneller, 2013; Gracis, 2018).

Anesthesia of cats

The cats used in the study were placed under general 
anesthesia using dissociative agents. For this purpose, 
a combination of medetomidine HCl (0.03-0.05 mg/kg, 
IM, Medetate® 0.1% injectable, Jorux, England), ket-
amine HCl (7-10 mg/kg, IM, Ketasol® 10% injectable, 
Alfasan, Holland), and butorphanol tartrate (0.4 mg/
kg, Butomidor® 1% injectable, Richter Pharma, Austria) 
was applied through the intramuscular path (Corona et 
al., 2020).

O
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CT studies

To prepare CT images, the anesthetized Persian cat was 
placed on the CT scan table in a sternal recumbent po-
sition, and its forelimbs were fully extended cranially. 
CT scans of the forearms were performed in the sagit-
tal, transverse, and dorsal planes with a thickness of 1 
mm and intervals of 2 mm from the proximal extremity 
of the metacarpals to the distal third of the humerus. A 
helical scanner (Toshiba multi-slice CT scanner Asteion 
Premium 4, Model: TSX-021B, Japan) was employed 
for CT. In addition, appropriate windows were selected 
to examine soft and bone tissues. The technical factors 
of the CT scanner included gantry rotation time (400 
ms), slice thickness (1 mm), reconstruction distance 
(0.5–1 mm), pitch ratio (1), kVp (120), mAs (22), physi-
cal detector collimation (32×0.6 mm), final section col-
limation (64×0.6 mm), resolution (512×512 pixels), and 
resolution range (0.92×0.92), kernel (10 H), and incre-
ment (0.5 mm) (Ohlerth & Scharf, 2007; Badea, 2018). 
Imaging was performed based on the factors mentioned 
above, and the obtained images were saved in DICOM 
(Digital Imaging and Communications in Medicine) for-
mat (Brühschwein et al., 2018).

Three-dimensional reconstruction

Following saving the obtained images in DICOM for-
mat, they were transferred to a computer loaded with 3D 
modeling software (Onis CT software, Multi-Modality 
Workplace: VE 2.5A) (Wilhite & Wölfel, 2019). Next, 
these images were analyzed using bone (WW: 4000 HU; 
WL: 550 HU) and soft tissue (WW: 450 HU; WL: 80 
HU) settings. The electronic caliper of this software was 
used for morphometric measurements.

Morphometric studies

The osteometric measurements of different parameters 
of the Persian cat’s antebrachium bones and their means 
were recorded. Measurements were done once by the 
same person. The measured parameters and their de-
scriptions are shown in Tables 2, 3, 4, 5, 6, 7, 8, 9 and 
10. The NAV (Nomina Anatomica Veterinaria) was used 

as the obtained scientific term (Veterinaria, 2017). The 
investigated parameters included (Preston et al., 2015; 
Webster et al., 2019; Özkadif et al., 2015):

Radius length (RL), ulna length (UL), olecranon tu-
berosity thickness (OTTh), olecranon cranio-caudal 
thickness (OCCTh), olecranon height (OH), humeral ar-
ticular surface diameter in radius (HASDR), radius body 
diameter (RbD), ulna body diameter (UbD), ulna greater 
diameter in carpal articular surface (UGDCAS), ulna 
lesser diameter in carpal articular surface (ULDCAS), 
radius greater diameter in carpal articular surface (RG-
DCAS), and radius lesser diameter in carpal articular 
surface (RLDCAS) (Figure 1).

In the transverse CT reconstruction images, the inner 
diameter of the medullary cavity and the thickness of the 
cortex of the radius bone were measured at the levels of 
the radial head, radial neck, proximal third, middle part, 
and distal third, and radial trochlea. The settings (WW: 
1600 HU and WL: 350 HU) and (WW: 900 HU and WL: 
400 HU) were used to measure the medullary cavity and 
bone cortices, respectively (Figure 2).

Statistical analysis

The confidence interval (CI) index was used to cal-
culate the normal size of the forearm bones and their 
component appendages in adult male and female Persian 
cats. Moreover, the parametric data were analyzed using 
an independent t test and the SPSS software, version 21. 
All variables were expressed as Mean±SD, and P≤0.05 
is significant, with the confidence limit of 95%.

Results

Based on the study results, CT provides the possibility 
of identifying most of the anatomical structures of the 
forearm area of the Persian cat. In the CT images, the 
bones appeared white due to their high density, and their 
medullary cavities were dark. Additionally, muscles and 
tendons were visible on different gray scales. The struc-
tural details of the joint between the proximal extrem-
ity of the radius and the capitulum of the humerus, and 
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Table 1. Weight and age of Persian cats

Cats
Male Female

1 2 3 4 5 Mean 1 2 3 4 5 Mean

Weight (kg) 4.8 5.5 6.2 5.8 5.3 5.5 3.7 4.2 4.8 4.5 4.4 4.3

Age (m) 24 30 27 36 42 31.8 21 26 40 35 30 30.4
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the joint between the distal extremity of the radius and 
the radial carpal bone could be evaluated better in the 
transverse CT plane. Also, the proximal extremity of the 
radius was seen to be small in these images, but it was 
evident that it had a distinct neck and an expanded caput 
radii. Proximal radioulnar and radiohumeral joints were 
examined better in transverse and sagittal CT plans. All 
details related to the olecranon, anconeal, and coronoid 
processes were visible in sagittal, transverse, and dor-
sal CT reconstructions. The structural features of the 
joint between the semilunar notch and trochlea of the 
humerus were more visible in the dorsal CT plane. The 
styloid process of the distal extremity of the ulna bone 
could be examined in the sagittal and transverse planes. 
In this part, there was a convex facet that was in contact 
with the radius bone, which was only seen in the dor-
sal plan (Figure 3). Based on the measurements on the 
three-dimensional CT reconstruction images, the mean 
lengths of the radius and ulna in male Persian cats were 
106.52±5.53 and 84.64±4.17 mm, respectively, and in 
females, 93.11±5.56 and 72.37±3.53 mm, respectively 
(95% confidence limits). Table 2 shows the external di-
ameter of the radius and ulna in the measurement lev-

els. The head of the radius appeared almost oval, and 
its average external diameter at the mediolateral surface 
was 37% of its craniocaudal surface. The neck of the 
radius was narrower than the head on both levels. The 
average lengths of the neck at the craniocaudal and me-
diolateral levels were respectively 84% and 80% of the 
radius head.

The external diameter of the diaphysis varied across 
different parts of the radius. The trochlea and radial head 
were the widest parts of the radius bone. The width of the 
radial trochlea was greater than the width of the radial 
head. The mean widths of the radial trochlea at the cra-
niocaudal and mediolateral levels were 1.3 and 1.2 times 
the width of the radial head, respectively. The external 
diameter of the olecranon process at the craniocaudal 
level was approximately 64% of its mediolateral level. 
The external diameter of the olecranon process at the 
craniocaudal level was approximately 64% of its medio-
lateral level. The widest external part of the ulna was at 
the level of the coronoid process. The external diameter 
of the ulna at the craniocaudal level was more than at 
its mediolateral level. The external diameter of the ulna 

Figure 1. Parameters measured on 3D reformatted CT images in the lateromedial (A) and craniocaudal (B) levels of the right 
antebrachium bones of a 3-year-old male Persian cat

Abbreviations: RL: Radius length; UL: Ulna length; OTTh: Olecranon tuberosity thickness; HASDR: Humeral articular surface 
diameter in radius; RbD: Radius body diameter; UbD: Ulna body diameter; UGDCAS: Ulna greater diameter in carpal articular 
surface; and RGDCAS: Radius greater diameter in carpal articular surface.

Nemati., et al. (2026). CT-based Morphology of Persian Cat Antebrachium Bones. Iran J Vet Med, 20(1):123-142.

https://ijvm.ut.ac.ir/


127

January & February 2026. Volume 20. Number 1

gradually decreased from the proximal to the distal side. 
Tables 3 to 6 show the thickness of the cortex of the ra-
dius and ulna bones at different levels. In all cats, the 
thickness of the caudal and medial cortex of the radial 
head was greater than its cranial and lateral cortex. The 
thickness of the cranial and caudal cortex of the radial 
neck was less than that of its lateral and lateral cortex. 
The thickness of the cranial and caudal cortex of the di-
aphysis and radial trochlea was less than that of its lateral 
and medial cortex. The thickness of the cranial, lateral, 
and medial cortexes of the olecranon process was equal, 
but the thickness of the caudal cortex was greater. The 
thickness of the caudal cortex of the olecranon process 
was more than 2 times that of the others. The thickness 
values of the cranial cortex of the coronoid process were 
1.5, 4, and 1.4 times that of its caudal, medial, and lateral 
cortexes, respectively. The thickness of the caudal cortex 
of the ulnar diaphysis in the proximal third was more 
than in the other parts. In the middle part of the diaphy-
sis of the ulna, the thickness values of the caudal cortex 
were approximately 2 times that of the lateral cortex, 1.6 
times that of the cranial cortex, and 1.6 times that of the 
medial cortex. In the distal third of the ulna, the thickness 
values of the cranial cortex of the diaphysis were 1.3, 
1.2, and 1.5 times that of the lateral, medial, and caudal 
cortex, respectively. Tables 7, 8, 9, and 10 show the in-
ternal diameter of the radius and ulna at different levels. 
The mean internal diameter of the radial head in the cra-
niocaudal plane was 45% of its mediolateral plane. The 
medullary canal of the radius bone was almost oval. The 

diameter of this canal in the middle third of the radius 
was narrower than its proximal and distal thirds. In the 
mediolateral plane, the average internal diameter values 
of the diaphysis of the radius in the proximal third were 
1.15 and 1.07 times that of the middle part and the distal 
third, respectively. In the craniocaudal and mediolateral 
planes, the internal diameter of the radial trochlea was 
the widest part of the radius. In Persian cats, the caudal 
surface of the ulna was convex in the proximal third and 
the middle part, but gradually changed towards the distal 
side. The caudal surface of the ulna was completely con-
cave in the distal third. In the craniocaudal plan, the olec-
ranon process was the widest internal part of the ulna. In 
this plane, the internal diameter of the olecranon process 
was approximately 62% of its mediolateral plane. Ac-
cording to the transverse CT images, the diameter of the 
medullary canal of the olecranon process was narrower 
at the level of the coronoid process. The mean diameter 
values of the medullary canal of the olecranon process in 
the craniocaudal and mediolateral planes were 3.55 and 
2.4 mm, respectively. In the craniocaudal plane, the av-
erage internal diameter of the ulna in the proximal third 
was 65% of its mediolateral plane. In the craniocaudal 
plane, the internal diameter of the ulnar diaphysis gradu-
ally decreased from proximal to distal. All parameters 
were reported in female cats, smaller than those of male 
cats. However, the parameters of ulna length, radius 
body diameter, and humeral articular surface diameter in 
radius were significantly smaller than those of male cats 
(P<0.05) (Table 2) (Figures 4 and 5).

Figure 2. Measurement indices of the internal diameter of the medullary cavity and the thickness of the radius bone’s cortex in 
the transverse CT image at the middle third level of the right forearm of a 3-year-old female Persian cat

Abbreviations: Cr: Cranial; Cd: Caudal; Med: Medial; Lat: Lateral; U: Ulna; R: Radius.

Note: Green lines: The thickness of the medial and lateral cortex; Red lines: The thickness of the cranial and caudal cortex; Big 
double arrow: The internal diameter of the medullary cavity at the mediolateral level; Small double arrow: The internal diam-
eter of the medullary cavity at the craniocaudal level. 
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Discussion

Currently, various diagnostic imaging methods in pets 
are achievable and available. With the increase in the 
diagnostic standards of the veterinary profession, there 
is an increased demand for the use of advanced imag-
ing methods (Farsijani & Safi, 2023; Zaidi et al., 2024). 
One of the most practical and accurate diagnostic imag-
ing methods is the CT scan, which is especially used to 
evaluate the skeletal system of small animals (Da Costa 

& Samii, 2010; Fidan et al., 2024). In recent years, re-
ports have been published about the CT of cats, which 
were often related to the diagnosis of certain diseases 
(Garland et al., 2002; Onwuama et al., 2022). In all these 
cases, the presence of a normal CT scan image is neces-
sary to determine the anatomical structures of the animal 
(Da Costa et al., 2020). However, there are few reports 
on the normal anatomy of domestic cats based on CT 
findings (Laborda-Vidal et al., 2022; Asgari & Pourhos-
sein, 2024). In a study, Lewis et al. (2019) presented 

 

   

   

  

Figure 3. Transverse reformatted computed tomographic image of the right forearm of the same Persian cat in these levels: a) 
Olecranon tuberosity (OT), b) Coronoid process (CP), c) Radial head (RH), d) Radial neck (RN), e) Proximal third of the fore-
arm, f) Middle third of the forearm, g) Distal third of the forearm, h) Radial trochlea (RT)

Abbreviations: R: Radius; H: Humerus; Cr: Cranial; Lat: Lateral; U: Ulna.
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Figure 4. Values of left and right radius and ulna (mm) in male and female Persian cats

RbD: Radius body diameter; UbD: Ulna body diameter. 

Note: The results were expressed as the Mean±SEM. Means within a column with different superscript letters (a–b) denote 
significant differences between male and female groups (P<0.05).

Figure 5. Values of left and right radius and ulna (mm) in male and female Persian cats 

Abbreviations: OTTh: Olecranon tuberosity thickness; OCCTh: Olecranon cranio-caudal thickness; OH: Olecranon height; 
HASDR: Humeral articular surface diameter in radius; RbD: Radius body diameter; UbD: Ulna body diameter; UGDCAS: 
Ulna greater diameter in carpal articular surface; ULDCAS: Ulna lesser diameter in carpal articular surface; RGDCAS: Radius 
greater diameter in carpal articular surface; RLDCAS: Radius lesser diameter in carpal articular surface. 

Note: The results were expressed as the Mean±SEM. Means within a column with different superscript letters (a–b) denote 
significant differences between male and female groups (P<0.05).
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three-dimensional CT anatomy of the cat as a software 
program. In another study, Schuhegger (2021) described 
a comprehensive CT atlas of canine functional anatomy 
for the use of veterinary clinicians. In an anatomical 
study, Boonsri et al. (2019) reported no statistically sig-
nificant difference between the osteometric sizes of the 
left and right limbs of a cat. In a similar study, Baranows-
ki et al. (2012) stated no statistically significant differ-
ence between the left and right long bones of domestic 
cats. These studies are consistent with our research, and 
the results obtained in Persian cats are similar to those 
reported. Preston et al. (2015) examined the CT of the 
forearm bones of cats. They found that gender and age 
do not have a statistically significant effect on the cross-
sectional diameter of the bones. By performing biometric 
measurements of cat bones, Won et al. (2017) reported 
no statistically significant difference between males and 
females. These two recent studies are not consistent with 
our observations. According to this research, a statisti-

cally significant difference was observed between male 
and female Persian cats (Table 2). 

CT anatomy can be used as a diagnostic reference and 
helps to evaluate breeds in some biometric research 
(Nguyen et al., 2013). In the present study, based on CT 
reconstruction images, various parameters of the Persian 
cat’s forearm bones were evaluated and recorded. Most 
previous anatomical texts have only described the exter-
nal anatomy of the forearm bones of the domestic cat. 
According to our investigations, no study has described 
the morphometry and morphology of the Persian cat’s 
forearm using CT. In another study, Liblikas (2020) 
evaluated the effect of gonadectomy on the skeletal 
growth of domestic cats. They found no significant dif-
ference between males and females or the time of go-
nadectomy in the length of the radius. In addition, he has 
stated in this research that physeal closure is delayed in 
gonadectomized animals. In another study, Romero et al. 

Table 2. Evaluation of radius and ulna variables (mm) in studied male and female Persian cats

Parameter

Mean±SD

Male Female
Total

Right Left Right Left

RL 106.53±5.5a 106.51±5.56a 93.17±5.57a 93.06±5.55a 99.81±8.55

UL 84.65±4.19a 84.63±4.16a 72.37±3.59b 72.37±3.52b 78.5±7.23

OTTh 12.52±0.62a 12.52±0.66a 11.26±0.92a 11.24±0.85a 11.88±0.96

OCCTh 12.12±.055a 12.14±0.58a 11.06±0.93a 11.06±0.88a 11.59±0.88

OH 10.28±0.7a 10.48±0.87a 8.45±0.88a 8.48±0.85a 9.42±1.24

HASDR 11.33±0.51a 11.35±0.51a 9.89±0.58b 9.9±0.57b 10.61±0.89

RbD 6.81±0.63a 6.82±.0.59a 5.17±0.59b 5.19±0.64b 5.99±1.01

UbD 10.19±0.91a 10.19±0.87a 8.27±0.61a 8.31±069a 9.24±1.21

UGDCAS 6.96±0.57a 7±0.64a 5.73±0.54a 5.63±0.42a 6.33±0.84

ULDCAS 9.98±0.54a 9.9±0.58a 8.35±0.77a 8.39±0.82a 9.15±1.02

RGDCAS 6.36±0.78a 6.33±0.72a 4.73±0.42a 4.72±0.39a 5.53±1

RLDCAS 3.88±0.49a 3.87±0.52a 2.67±0.0.5a 2.69±0.49a 3.27±0.76

Abbreviations: RL: Radius length; UL: Ulna length; OTTh: Olecranon tuberosity thickness; OCCTh: Olecranon cra-
nio-caudal thickness; OH: Olecranon height; HASDR: Humeral articular surface diameter in radius; RbD: Radius 
body diameter; UbD: Ulna body diameter; UGDCAS: Ulna greater diameter in carpal articular surface; ULDCAS: 
Ulna lesser diameter in carpal articular surface; RGDCAS: Radius greater diameter in carpal articular surface; RLD-
CAS: Radius lesser diameter in carpal articular surface.

Note: P≤0.05 is significant with the confidence limit of 95%. Different letters (a–b) denote significant differences be-
tween male and female groups (P<0.05).
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(2022) reported that radius length was greater in gonad-
ectomized cats compared to intact cats. All Persian cats 
used in our study were adults and had not been previ-
ously gonadectomized. Therefore, it is necessary to pay 
attention to this point when using the results of this study 
in clinical cases. It is suggested that the same parameters 
should be investigated in gonadectomized Persian cats in 
future studies, and the results should be compared with 

this study. Studies by Wells (2021) and Ocklenburg et al. 
(2019) show that cats have a preference for paws (same 
as right or left-handed persons), so the continuous pref-
erential use of a limb may affect the quality and size of 
its bones. However, Stadig and Bergh (2015), by mea-
suring the amount of pressure that each of the cat’s limbs 
exerts on the ground, reported no significant difference 
between males and females in the preferential use of the 

Table 3. The thickness (mm) of the left radial cortex at the determined levels based on transverse CT images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Radial head

Cr 1.09 1.11 1.34 1.13 1.44 1.22 0.91 0.8 0.78 0.79 0.87 0.83

Cd 1.39 1.45 1.33 1.45 1.55 1.43 1 1.09 1.14 1.2 1.07 1.1

Med 1.61 1.55 1.44 1.54 1.34 1.5 1.03 1.13 1.09 1.23 1.22 1.14

Lat 0.92 0.87 0.67 0.78 0.67 0.78 0.69 0.79 0.78 0.54 0.45 0.65

Radial neck

Cr 0.9 0.87 0.56 0.88 0.76 0.79 0.74 0.84 0.75 0.56 0.65 0.71

Cd 1.17 1.23 1.33 1.56 1.85 1.43 0.93 0.83 0.78 0.85 0.89 0.86

Med 1.78 1.78 1.45 1.34 1.45 1.56 1.45 1.35 1.35 1.35 1.54 1.41

Lat 1.35 1.56 1.66 1.43 1.23 1.45 1.11 1.21 1.32 1.18 1.23 1.21

Proximal third

Cr 1.45 1.34 1.45 1.56 1.76 1.51 1.14 1.24 1.33 1.16 1.42 1.26

Cd 1.8 1.78 1.77 1.78 1.87 1.8 0.61 0.71 0.65 0.47 0.23 0.53

Med 2 2.11 2.34 2.09 2.03 2.11 1.6 1.5 1.45 1.88 1.76 1.64

Lat 1.96 1.76 1.7 1.99 1.65 1.81 1.59 1.49 1.55 1.56 1.56 1.55

Middle

Cr 1.34 1.78 1.65 1.43 1.35 1.51 1.15 1.25 1.43 1.32 1.45 1.32

Cd 1.22 1.45 1.56 1.45 1.22 1.38 0.96 0.86 0.79 0.76 0.87 0.85

Med 1.88 1.65 1.34 1.89 1.46 1.64 1.59 1.49 1.54 1.78 1.68 1.62

Lat 1.69 1.34 1.67 1.88 1.76 1.67 1.41 1.41 1.33 1.48 1.54 1.43

Distal third

Cr 1.38 1.76 1.34 1.43 1.36 1.45 1.16 1.26 1.34 1.25 1.19 1.24

Cd 1.18 1.87 1.78 1.23 1.34 1.48 1.08 1.18 1.22 1.11 1.08 1.13

Med 1.76 1.67 1.77 1.67 1.56 1.69 1.44 1.34 1.21 1.35 1.46 1.36

Lat 1.54 1.98 1.77 1.84 1.76 1.78 1.18 1.28 1.34 1.24 1.2 1.25

Radial trochlea

Cr 0.94 0.88 0.56 0.56 0.45 0.68 0.66 0.76 0.67 0.56 0.65 0.66

Cd 0.94 0.87 0.65 0.65 0.6 0.74 0.66 0.56 0.64 0.54 0.56 0.59

Med 1.05 1.15 1.22 1.09 1.77 1.26 0.97 0.87 0.97 0.78 0.68 0.85

Lat 1.08 1.15 1.1 1.06 1.14 1.11 0.83 0.69 0.85 0.81 0.67 0.77

Abbreviations: Cr: Cranial; Cd: Caudal; Med: Medial; Lat: Lateral.
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left or right limb. In another study, Xu et al. (2022) in-
vestigated the effect of gender on the use of the limbs of 
cats and found that the type of gender is not significant 
in the use of a specific limb. The results of our study are 
consistent with these reports. 

Based on the results of the present study, no significant 
difference was observed in the left and right forearm pa-

rameters of a Persian cat. It seems that the reason is the 
low weight of Persian cats, and this weight is symmetri-
cally distributed between the left and right sides. All pa-
rameters measured in the forearm bones of male Persian 
cats were more than those of females, the most important 
reason being the large size of male cats (Figure 6). The 
size of the parameters of the forearm bones is related to 

Table 4. The thickness (mm) of the right radial cortex at the determined levels based on the transverse CT images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Radial head

Cr 1.19 1.32 1.23 1.29 1.22 1.25 0.81 0.79 0.59 0.56 0.67 0.68

Cd 1.29 1.43 1.54 1.45 1.45 1.43 1.1 1.08 1.15 1.07 1.18 1.12

Med 1.51 1.54 1.34 1.43 1.46 1.46 1.13 1.09 1 1.11 1.15 1.1

Lat 0.62 0.61 0.67 0.54 0.56 0.6 0.79 0.67 0.56 0.67 0.81 0.7

Radial neck

Cr 0.8 0.68 0.76 0.61 0.4 0.65 0.84 0.79 0.62 0.77 0.67 0.74

Cd 1.27 1.93 1.85 1.81 1.32 1.64 0.83 0.74 0.59 0.78 0.78 0.74

Med 1.68 1.36 1.45 1.2 1.67 1.47 1.35 1.35 1.43 1.25 1.45 1.37

Lat 1.45 1.26 1.23 1.35 1.42 1.34 1.21 1.31 1.33 1.43 1.32 1.32

Proximal third

Cr 1.55 1.67 1.76 1.66 1.58 1.64 1.24 1.15 1.17 1.32 1.31 1.24

Cd 1.9 1.56 1.87 1.63 1.76 1.74 0.71 0.67 0.56 0.73 0.69 0.67

Med 2.1 2.09 2.03 2.11 2.16 2.1 1.5 1.39 1.55 1.65 1.64 1.55

Lat 1.86 1.76 1.65 1.56 1.68 1.7 1.49 1.45 1.34 1.51 1.39 1.44

Middle

Cr 1.24 1.45 1.35 1.45 1.32 1.36 1.25 1.19 1.2 1.28 1.33 1.25

Cd 1.32 1.34 1.22 1.43 1.31 1.32 0.86 0.67 0.56 0.91 0.77 0.75

Med 1.68 1.43 1.46 1.31 1.68 1.51 1.49 1.39 1.54 1.51 1.49 1.48

Lat 1.79 1.67 1.76 1.29 1.76 1.65 1.41 1.43 1.45 1.53 1.41 1.45

Distal third

Cr 1.68 1.45 1.36 1.46 1.45 1.48 1.26 1.29 1.33 1.29 1.26 1.29

Cd 1.28 1.22 1.34 1.32 1.28 1.29 1.18 1.3 1.54 1.23 1.18 1.29

Med 1.86 1.54 1.56 1.49 1.56 1.6 1.34 1.25 1.65 1.37 1.34 1.39

Lat 1.44 1.76 1.76 1.64 1.45 1.61 1.28 1.34 1.43 1.25 1.28 1.32

Radial trochlea

Cr 0.84 0.45 0.45 0.53 0.78 0.61 0.76 0.61 0.45 0.76 0.68 0.65

Cd 0.84 0.6 0.56 0.52 0.67 0.64 0.56 0.54 0.51 0.62 0.66 0.58

Med 1.15 1.25 1.24 1.31 1.15 1.22 0.87 0.78 0.64 0.78 0.78 0.77

Lat 1.18 1.19 1.23 1.15 1.17 1.18 0.73 0.69 0.65 0.6 0.7 0.67

Abbreviations: Cr: Cranial; Cd: Caudal; Med: Medial; Lat: Lateral.
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the size and physical condition of the cat, and the influ-
ence of other factors, such as gender, handedness, and 
fertility status, is insignificant. In this study, the thickness 
of the slices was chosen to be 1 mm with an overlap of 
0.5-0.75 mm to reduce the effects of partial average vol-
ume. The results of our study indicate that the distribution 
of the epiphysis is concentrated around the metaphyses 
of the radius and ulna, which was consistent with some 
reports of previous anatomical texts (Preston, 2015; Fox, 
2021). The largest volume of epiphysis was in the distal 
radius and proximal ulna. According to our observations, 
about 15 mm of cancellous bone extended from the ulnar 
styloid process. The knowledge of this anatomical feature 
can allow the surgeon to place intramedullary pins in this 

cancellous extremity of the ulna during surgery in this 
area. In some studies, it has been reported that the bone 
epiphyseal tissue can provide a high friction along with 
the high surface area of the bone-pin interface to prevent 
the risk of loosening and falling of the pin (Aithal et al., 
2021). According to the findings of this research in Per-
sian cats, the volume of the epiphysis in the radial head 
is smaller compared to the metaphysis portion. These 
observations were consistent with the anatomical studies 
of Brioschi et al. (2017) and Schellhorn and Sanmuga-
raja (2015). However, the radial neck in Persian cats was 
more prominent compared to other cat breeds, and was 
recognizable in the distal part of the proximal radioulnar, 
humeroulnar, and humeroradial joints. 

Table 5. The thickness (mm) of the left ulnar cortex at the determined levels based on the transverse CT images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Olecranon tuberosity

Cr 0.91 0.88 0.79 0.78 0.65 0.8 0.66 0.59 0.55 0.45 0.49 0.55

Cd 1.98 1.78 1.9 1.87 1.67 1.84 1.41 1.39 1.43 1.39 1.43 1.41

Med 0.87 0.88 0.68 0.67 0.65 0.75 0.59 0.65 0.54 0.48 0.45 0.54

Lat 0.96 0.91 0.78 0.72 0.96 0.87 0.71 0.55 0.68 0.57 0.51 0.6

Coronoid process

Cr 5.06 5.1 5.01 5.09 5.06 5.06 4.39 4.44 4.43 4.33 4.43 4.4

Cd 3.46 3.35 3.32 3.56 3.46 3.43 2.87 2.75 2.7 2.61 2.78 2.74

Med 1.29 1.33 1.25 1.35 1.33 1.31 1.14 1.19 1.11 1.17 1.16 1.15

Lat 3.91 3.87 3.78 3.79 3.91 3.85 3.25 3.33 3.2 3.19 3.15 3.22

Proximal third

Cr 2.18 2.31 2.14 2.22 2.18 2.21 1.89 1.78 1.9 1.79 1.67 1.81

Cd 3.66 3.5 3.59 3.56 3.66 3.59 3.15 3.25 3.22 3.32 3.43 3.27

Med 1.39 1.38 1.41 1.45 1.41 1.41 1.07 1.1 1.03 1.03 1.07 1.06

Lat 1.08 1.11 1.15 1.15 1.08 1.11 0.93 0.77 0.79 0.79 0.8 0.82

Middle

Cr 1.38 1.29 1.27 1.45 1.38 1.35 1.14 1.19 1.11 1.14 1.11 1.14

Cd 2.61 2.65 2.57 2.56 2.61 2.6 1.86 1.87 1.56 1.65 1.56 1.7

Med 1.42 1.39 1.43 1.54 1.56 1.47 1.22 1.2 1.31 1.29 1.24 1.25

Lat 1.28 1.2 1.2 1.33 1.28 1.26 0.94 0.76 0.87 0.87 0.76 0.84

Distal third

Cr 1.62 1.56 1.67 1.59 1.62 1.61 1.35 1.39 1.41 1.54 1.61 1.46

Cd 1.5 1.54 1.35 1.52 1.5 1.48 1.08 1.11 1.05 1.09 1.07 1.08

Med 1.32 1.25 1.32 1.29 1.28 1.29 1.13 1.15 1.14 1.11 1.12 1.13

Lat 1.13 1.09 1.11 1.17 1.1 1.12 0.97 0.88 0.85 0.78 0.75 0.85

Abbreviations: Cr: Cranial; Cd: Caudal; Med: Medial; Lat: Lateral.
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Figure 6. A box plot to compare RL, UL, OTTh, OCCTh, OH, HASDR, RbD, UbD, UGDCAS, ULDCAS, RGDCAS, and RLD-
CAS factors of male and female Persian cats

  

  

  

Figure 6. A Box plot to Compare Radius Length (RL(, Ulna Length (UL), Olecranon Tuberosity 

Thickness (OTTh), Olecranon Cranio-Caudal Thickness (OCCTh), Olecranon Height (OH), 

Humeral Articular Surface Diameter in Radius (HASDR), Radius Body Diameter (RbD), Ulna 
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The thickness of the radial diaphysis cortex was almost 
uniform throughout its length. In contrast, the thickness 
of the ulna cortex varied in its different parts. The results 
of some studies show that the cortical thickness of the 
long bone diaphysis can change in its parts due to the 
influence of dynamic physiological loads. These factors 
can be caused by multiple pressures created on the sub-
chondral bone or excessive stretching of tendons or liga-
ments at the connection to the bone diaphysis (Schultz & 
Wisner, 2011). In the present study, it was observed that 
the thickness of the cranial, medial, and lateral cortices 
of the olecranon process is similar. Still, the thickness of 
the caudal cortex was approximately 2.5 times that of 
the other parts. Since the tendon of the triceps muscle is 

connected to the caudal cortex of this process, and this 
tendon is subjected to higher tensile forces, it may be the 
reason for the increase in the thickness of the cortex of 
this part. The thickness of the cranial cortex of the coro-
noid process was more than that of its other parts. The 
thickness of the cranial cortex of the coronoid process 
was 1.5, 4, and 1.4 times that of its caudal, medial, and 
lateral cortices, respectively. According to the findings 
of this study, the thickest cortex of the diaphysis of the 
ulna in Persian cats was related to its caudal part. The tri-
angular section of the ulna bone is at this level and is the 
origin of the flexor digitorum profundus muscle tendon.

Table 6. The thickness (mm) of the right ulnar cortex at the determined levels based on the transverse CT images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Olecranon tuberosity

Cr 0.81 0.79 0.8 0.69 0.77 0.77 0.76 0.66 0.69 0.81 0.69 0.72

Cd 1.88 1.81 1.79 1.7 1.75 1.79 1.31 1.29 1.3 1.36 1.29 1.31

Med 0.77 0.78 0.7 0.69 0.81 0.75 0.49 0.51 0.45 0.52 0.45 0.48

Lat 0.86 0.77 0.78 0.91 0.69 0.8 0.81 0.78 0.78 0.87 0.85 0.82

Coronoid process

Cr 5.16 5.19 5.22 5.13 5.19 5.18 4.49 4.51 4.41 4.53 4.52 4.49

Cd 3.56 3.45 3.35 3.67 3.64 3.53 2.97 2.88 2.88 2.9 2.77 2.88

Med 1.39 1.43 1.44 1.45 1.42 1.43 1.24 1.33 1.23 1.34 1.19 1.27

Lat 3.71 3.67 3.65 3.69 3.65 3.67 3.35 3.33 3.29 3.45 3.29 3.34

Proximal third

Cr 2.78 2.71 2.59 2.66 2.69 2.69 1.69 1.75 1.78 1.75 1.87 1.77

Cd 3.56 3.6 3.63 3.63 3.61 3.61 3.25 3.33 3.33 3.25 3.31 3.29

Med 1.49 1.51 1.54 1.43 1.52 1.5 1.07 1.1 1.09 1.11 1.05 1.08

Lat 1.18 1.22 1.15 1.2 1.23 1.2 0.93 0.88 0.78 0.95 0.83 0.87

Middle

Cr 1.28 1.33 1.33 1.25 1.28 1.29 1.04 1.09 1.1 1.08 1 1.06

Cd 2.51 2.54 2.45 2.43 2.51 2.49 1.96 1.88 1.88 1.95 1.76 1.89

Med 1.32 1.29 1.22 1.3 1.43 1.31 1.32 1.25 1.37 1.32 1.3 1.31

Lat 1.38 1.41 1.32 1.38 1.35 1.37 0.84 0.76 0.76 0.78 0.7 0.77

Distal third

Cr 1.62 1.65 1.45 1.62 1.54 1.58 1.25 1.29 1.31 1.31 1.21 1.27

Cd 1.4 1.36 1.31 1.4 1.45 1.38 1.18 1.15 1.15 1.22 1.15 1.17

Med 1.42 1.45 1.39 1.39 1.51 1.43 1.13 1.15 1.17 1.15 1.11 1.14

Lat 1.23 1.2 1.19 1.2 1.17 1.2 0.87 0.77 0.84 0.9 0.79 0.83

Abbreviations: Cr: Cranial; Cd: Caudal; Med: Medial; Lat: Lateral.
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Table 7. The internal diameter (mm) of the right radial medullary cavity at the determined levels based on the transverse CT 
images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Radial head
Cr-cd 2.8 2.76 2.81 2.69 2.66 2.74 1.95 1.88 1.79 1.77 1.9 1.86

Med-Lat 6.19 6.22 6.25 6.15 6.32 6.23 4.07 4.09 4.1 4.09 4.04 4.08

Radial neck
Cr-cd 2.48 2.55 2.33 2.45 2.54 2.47 1.57 1.55 1.6 1.49 1.45 1.53

Med-Lat 3.81 3.78 3.76 3.7 3.7 3.75 2.31 2.45 2.3 2.39 2.29 2.35

Proximal third
Cr-cd 2.55 2.4 2.45 2.39 2.43 2.44 0.84 0.79 0.86 0.78 0.77 0.81

Med-Lat 3.28 3.33 3.33 3.3 3.37 3.32 1.71 1.69 1.8 1.65 1.71 1.71

Middle
Cr-cd 2.09 2.12 2.05 2.15 2.16 2.11 1.07 1.05 1.09 1.06 1.07 1.07

Med-Lat 3.47 3.54 3.39 3.39 3.5 3.46 2.21 2.33 2.29 2.25 2.21 2.26

Distal third
Cr-cd 2.38 2.45 2.33 2.36 2.48 2.4 1.26 1.29 1.31 1.3 1.32 1.3

Med-Lat 3.66 3.51 3.56 3.45 3.51 3.54 2.57 2.66 2.5 2.65 2.6 2.6

Radial trochlea
Cr-cd 5.23 5.2 5.29 5.23 5.21 5.23 3.63 3.57 3.6 3.61 3.63 3.61

Med-Lat 7.5 7.3 7.35 7.41 7.55 7.42 7.25 7.2 7.2 7.29 7.22 7.23

Cr-Cd: Craniocaudal; Med-Lat: Mediolateral.

Table 8. The internal diameter (mm) of the left radial medullary cavity at the determined levels based on the transverse CT 
images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Radial head
Cr-cd 2.5 2.55 2.45 2.49 2.52 1.86 1.88 1.86 1.77 1.69 1.8 1.8

Med-Lat 6.29 6.33 6.19 6.31 6.32 4.08 4.07 4.06 4.1 4.09 4.07 4.08

Radial neck
Cr-cd 2.38 2.41 2.3 2.35 2.34 1.53 1.61 1.65 1.61 1.59 1.61 1.61

Med-Lat 3.75 3.7 3.56 3.65 3.71 2.35 2.22 2.2 2.21 2.22 2.25 2.22

Proximal third
Cr-cd 2.35 2.34 2.45 2.32 2.32 0.81 0.76 0.68 0.76 0.76 0.76 0.74

Med-Lat 3.4 3.35 3.38 3.35 3.44 1.71 1.66 1.56 1.55 1.66 1.66 1.62

Middle
Cr-cd 2.22 2.29 2.2 2.2 2.25 1.07 1.07 1.09 1.07 1.07 1.07 1.07

Med-Lat 3.53 3.55 3.56 3.45 3.55 2.26 2.35 2.31 2.35 2.35 2.31 2.33

Distal third
Cr-cd 2.43 2.47 2.39 2.4 2.44 1.3 1.35 1.3 1.35 1.33 1.35 1.34

Med-Lat 3.55 3.5 3.45 3.51 3.56 2.6 2.66 2.56 2.66 2.66 2.66 2.64

Radial trochlea
Cr-cd 5.45 5.47 5.34 5.42 5.5 3.61 3.74 3.69 3.74 3.75 3.69 3.72

Med-Lat 7.6 7.55 7.59 7.56 7.61 7.23 7.11 7.15 7.09 7.14 7.12 7.12

Cr-Cd: Craniocaudal; Med-Lat: Mediolateral.
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The present study was a preliminary descriptive study 
on the morphometry and morphology of the Persian cat’s 
antebrachium bones and had some limitations. The study 
results were based on research conducted in adult Per-
sian cats and do not provide findings for immature or 
elderly cats. It is hoped that future studies will research 

immature Persian cats and other cat breeds, comparing 
more diverse groups. The results of this study can pro-
vide appropriate anatomical information for clinicians 
and surgeons to be used in clinical and orthopedic deci-
sions of adult Persian cats.

Table 9. The internal diameter (mm) of the right ulnar medullary cavity at the determined levels based on the transverse CT 
images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Olecranon tuberos-
ity

Cr-cd 7.25 7.19 7.21 7.33 7.31 7.26 6.31 6.33 6.29 6.34 6.25 6.3

Med-Lat 3.21 3.19 3.22 3.25 3.27 3.23 2.2 2.22 2.2 2.2 2.19 2.2

Coronoid process
Cr-cd 3.75 3.69 3.77 3.7 3.75 3.73 2.57 2.55 2.56 2.55 2.57 2.56

Med-Lat 2.82 2.77 2.69 2.75 2.82 2.77 1.91 1.88 1.91 1.73 1.91 1.87

Proximal third
Cr-cd 4.18 4.22 4.19 4.33 4.25 4.23 2.06 2.09 2.06 2.07 2.06 2.07

Med-Lat 1.78 1.67 1.66 1.68 1.78 1.71 0.91 0.88 0.78 0.56 0.91 0.81

Middle
Cr-cd 3.14 3.19 3.16 3.13 3.15 3.15 2.17 2.22 2.17 2.17 2.17 2.18

Med-Lat 2.57 2.49 2.55 2.5 2.57 2.54 1.31 1.35 1.31 1.39 1.31 1.33

Distal third
Cr-cd 2.51 2.55 2.5 2.51 2.55 2.52 1.66 1.55 1.45 1.45 1.55 1.53

Med-Lat 2.49 2.52 2.45 2.46 2.52 2.49 1.14 1.12 1.12 1.11 1.13 1.12

Cr-Cd: Craniocaudal; Med-Lat: Mediolateral.

Table 10. The internal diameter (mm) of the left ulnar medullary cavity at the determined levels based on the transverse CT 
images in Persian cats 

Level
Male Female

1 2 3 4 5 Mean 6 7 8 9 10 Mean

Olecranon tuberos-
ity

Cr-cd 7.33 7.35 7.29 7.41 7.35 7.35 6.44 6.4 6.51 6.45 6.46 6.45

Med-Lat 3.34 3.33 3.31 3.41 3.29 3.34 2.43 2.39 2.45 2.41 2.45 2.43

Coronoid process
Cr-cd 3.66 3.45 3.55 3.56 3.59 3.56 2.54 2.47 2.51 2.54 2.59 2.53

Med-Lat 2.73 2.69 2.68 2.73 2.67 2.7 1.88 1.78 1.67 1.67 1.9 1.78

Proximal third
Cr-cd 4.33 4.25 4.25 4.34 4.27 4.29 2.11 2.17 2.12 2.11 2.15 2.13

Med-Lat 1.56 1.5 1.45 1.53 1.54 1.52 0.88 0.69 0.78 0.76 0.78 0.78

Middle
Cr-cd 3.34 3.3 3.3 3.35 3.39 3.34 2.34 2.43 2.37 2.34 2.38 2.37

Med-Lat 2.76 2.66 2.56 2.75 2.69 2.68 1.43 1.47 1.4 1.4 1.48 1.44

Distal third
Cr-cd 2.52 2.49 2.45 2.49 2.46 2.48 1.55 1.66 1.5 1.54 1.5 1.55

Med-Lat 2.55 2.44 2.5 2.51 2.51 2.5 1.22 1.29 1.22 1.23 1.21 1.23

Cr-Cd: Craniocaudal; Med-Lat: Mediolateral.
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Conclusion

Based on the results of this study, CT is a useful diag-
nostic method to evaluate the skeletal system, especially 
assessing the forearm bones of Persian cats. Also, a spe-
cific examination of the tomographic characteristics of 
the antebrachium bones of this cat breed can be useful 
in evaluating their pathological disorders. In this study, 
the length, volume, surface area, cortex thickness, and 
internal and external diameter of the Persian cat’s ante-
brachium bones were described, and their normal limits 
were determined. The results of this study indicate that 
the anatomical structures of the antebrachium bones of 
Persian cats are similar to those of other domestic cats. 
The findings of this study can be utilized in the teaching 
of computed tomographic anatomy, the interpretation of 
CT scan images, and performing clinical and treatment 
decisions for this cat breed.
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