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from the carpal bones of English setters. A total of 28 bone
samples, 16 females and 12 males, were used in the study. The
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placing 27 landmarks on the X-ray images. Principal Component
Analyses are used to measure the distribution of variance. In
addition, these analyses take the mean shape variation and
compare it to shape differences. As a result of this analysis, the
value of PC1 explained 24.34% of the total variation. In addition,
PC2 explained 16.24% of the total variation, and PC3 explained
10.45%. In addition, the results of PCA were also described in
terms of the English setter samples used. Then, Discriminant
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differences between the genders. According to the discriminant
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from male dogs. Also, all 12 male dogs were separated from
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of this study, shape differences in the carpal bones of English
setters were investigated according to gender.
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ingiliz Setter Képeklerinin Karpal Eklem Bélgesinin
Radyografik Goriintiileri Uzerinde Geometrik

Morfometrik Analizler
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Ozet: Bu c¢alismada, Ingiliz setter kopeklerinin  karpal
(2023). Geometric Morphometric Analyses on Radiographic Images | kemiklerinden alinan radyografik gérintiiler araciligiyla cinsiyete
gore morfolojik farkhhklarin  belirlenmesi  amaglanmigtir.
Calismada 16 disi ve 12 erkek olmak tizere toplam 28 kemik 6rnegi
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degerlendirilmistir. Varyans dagihimini 6lgmek igin Principal
Component Analysis (PCA) kullanilmistir. Bu analizlerin kullanim
amaci ortalama sekil varyasyonunu alip sekil farkliliklariyla
karsilagtirmaktadir. Bu analiz sonucunda PC1 degeri toplam
varyasyonun %24,34'Unl agiklamistir. Ayrica PC2 toplam
varyasyonun %16,24'iin0, PC3 ise toplam varyasyonun %10,45'ini
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Introduction

The setter dog breeds are classified into seven groups,
including 153 dog breeds determined by the American
Kennel Club (AKC) (Evans and De Lahunta, 2012). These
seven groups identified by the American Kennel Club (AKC)
show genetic diversity as well as anatomically (Evans and De
Lahunta, 2012; Irion et al., 2003). According to the American
Kennel Club (AKC), these dog breeds are in the sporting dog
group. Also, this dog breed is thought to have English
ancestry (Evans and De Lahunta, 2012). In this study, the
samples taken from the carpal bones of the setter dog breed
were used. The setter dog breed has a broad scale including
various dog types such as a pointer, Irish setter, British
setter, and red setter. This dog breed has many uses, such as
hunting, farm work, and show. For example, pointer setters
are mainly used for hunting, and Irish setters are primarily
used for the show. It is observed that English setters are used
in almost every field (Pedersen et al., 2013). Also, according
to the Norwegian Kennel Club, English Setters are one of the
athletic dog breeds. This dog breed resists long- distance
walks and rough terrain (Vatne et al., 2021). For this reason,
it is aimed to examine the anatomical examination of such a
mobile and athletic dog breed and to discuss the differences
in the bones.

The carpal bones, or as it is named in veterinary
anatomy, "ossa carpi", formed the first part of the forefoot
bones (skeleton manus). The carpal bones compose eight
bones in all domestic mammals, proximal and distal rows.
These were named os carpi radiale, os carpi intermedium, os
carpi ulnare, and os carpi accessorium from medial to lateral
on the proximal row. The carpal bones on the distal side are
called os carpale 1, os carpale 2, os carpale 3, and os carpale
4. The carpal bones of dogs differ in number and structure
from those of other domestic mammals. In these animals,
the carpal bones on the proximal row are 3 instead of 4. The
bones of the os carpi radiale and the os carpi intermedium
fused to form the os carpi intermedioradiale. In addition to
these bones, os carpi ulnare and os carpi accessorium are
also found in these animals. The dogs have all four carpal
bones in the distal row. The articulations of the carpal bones
are named as follows. The joint between the antebrachium
and the carpal bones is called the Articulatio
antebrachiocarpea. The articulations between the upper and
lower rows of the carpal bones are called Articulationes
mediocarpea. The Articulationes intercarpea are the joints
made by the carpal bones located on the same row. The
articulations of the carpal bones with the metacarpal bones
are called Articulationes carpometacarpea (Demiraslan and
Dayan, 2021; Dursun, 2007; Konig et al., 2007; Nomina
Anatomica, 2017).

Geometric morphometry is a statistical analysis type
based on the shape analysis of the structure, revealing shape
variations for groups. This analysis, frequently used in
veterinary anatomy in recent years, enables gender analysis
and taxonomy studies. In studies on skulls, gender, and
breed analysis can be performed in birds, civets, and dogs
(Jashari et al., 2022; Gundemir et al., 2023a; Gundemir et al.,
2020b; Gundemir et al., 2023b; Gurbuz et al., 2022; Szara et

al., 2022). It has been reported that using geometric
morphometry and gender analysis is effective in studies
involving geometric shapes, such as the turtle's carapace
layer (Duro et al., 2021). Gender analysis was investigated by
applying geometric morphometry to the finger postures of
birds (Demircioglu et al., 2022).

Fractures in the carpal bones can be observed
frequently, and this may vary with variables such as the
animal's mobility capacity, age, breed, and weight (Li et al,,
2000; Rainbow et al., 2008). However, there is limited
knowledge about the anatomical differences between the
sexes of the carpal joints in carnivores. It was estimated that
there were linear differences between the articular bones
regarding gender in cats.

The previous studies revealed the differences between
genders between joint measurements or shapes (Gundemir
et al., 2021; Senol et al., 2022). This study aimed to examine
the carpal arrangement of the English setter dog species by
geometric morphometry method and to reveal the
difference between males and females in shape.

Material and Methods

Ethical Statement

Permission was obtained from the Ethics Committee of
the Faculty of Veterinary Medicine, Istanbul University-
Cerrahpasa, to use the samples and conduct the study
(Decision number: 2022/38)

Animals and radiographs

This study used 28 (16 female and 12 male dogs) English
setters. Radiographic images of the right carpal bones of
English setter dogs were used. The carpal bones of all dogs
whose radiographic images were collected were healthy. No
pathological findings were found in the images used. The
female dogs used in the study were 1-6 years old and
weighed 14-30 kg, and the male dogs were 1-8 years old and
weighed 13-30 kg. Radiographic images were obtained from
Istanbul University-Cerrahpasa. Analysis was performed only
on the dorso-palmar aspect of the right carpal bone. In
addition, the distal of the radius and ulna bones and the
proximal of the metacarpal bones were also visualized.

Radiographic landmarks and the abbreviations used in
this Study

The abbreviations used throughout this study and their
meanings are given in Table 1. The locations of the
abbreviations are shown in Figure 1 on the radiographic
image. The places where the landmarks are marked are
shown on the radiographic image in Figure 2. In addition, the
meanings of the landmarks are explained as follows.

L1-L2: Both landmarks were located at the distal end of
the ulna bone. It is marked to form the two furthest points
of the processus styloideus lateralis.

L3-L4: Both landmarks were located at the distal end of
the radius bone. A landmark was marked on the trochlea
radii (L3). The other landmark was marked on the processus
styloideus medialis (L4).
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Table 1. Representation of the abbreviations used in this study.

Abbreviation Places Landmarks Placed
on Bones
Ulna L1-L2
Radius L3-14
(olV] Os carpi ulnare L5-16-L7-L8
CR Os carpi intermedioradiale  L9-L10-L11-L12
c1 Os carpi 1 L22-123-L24-1L25
c2 Os carpi 2 L18-119-L20-L21
c3 Os carpi 3 L13-114-L15-L16-L17
mMC Metacarpus L26-L27

Figure 1. Representation of the abbreviations used in this
study on the dorsopalmar radiographic image (U: Ulna, R:
Radius, CU: Os carpi ulnare, CR: Os carpi intermedioradiale,
C1: Os carpi 1, C2: Os carpi 2, C3: Os carpi 3, MC: Metacarpus)

Figure 2. Dorsopalmar radiographic image of carpal bones showing
location of landmarks (LM).

L5-L6-L7-L8: Each of the four landmarks were marked
on the os carpi ulnare.

L9-L10-L11-L12: Each of the four landmarks were
marked on the corners of the os carpi intermedioradiale.

L13-L14-L15-L16-L17: Each of the five landmarks were
marked on the corners of os carpi 3.

L18-L19-L20-L21: Each of the four landmarks were
marked on the corners of os carpi 2.

L22-L23-L24-L25: Each of the four landmarks were
marked on the corners of os carpi 1.

L26-L27: Landmarks are marked as the furthest distance
between the medial and lateral sides of the proximal end of
the metacarpal bones visible on the radiographic image.

Geometric morphometry

The images of the carpal bones of the dogs taken from
the X-ray device were converted to Jpeg format and
transferred to the computer. The images in Jpeg format were
converted to TPS files using the TPS Util (version 1.82)
program. Then, they were marked on the images using the
TPS Dig2 (version 2.31) program. All veterinary anatomy
terms used in this study are taken from Nomina Anatomica
Veterinaria (Nomina Anatomica Veterinaria, 2017).

Radiographic images were the view of the right carpal
bones from the dorsopalmar position. The images also
showed the distal section of the antebrachium bone (Radius-
Ulna) and the proximal section of the metacarpal bones.
These bones, which appear in the images, are also included
in the markings.

Statistical analysis

In this study, shape analyses were performed using the
Morphol (version 1.07a) software (Klingenberg, 2011). The
carpal bones were grouped by gender, and then the
differences between the sexes were investigated with the
help of this software. The landmarks indicate anatomically
specific points (Bookstein et al.,1991). Using this software,
coordinate data were tested morphologically, and these data
were tried to be interpreted in terms of geometric
morphometry. Procrustes Fit was first applied to all the
samples embedded in the software, and then Generalized
Procrustes Analysis and Principal Component Analysis (PCA)
were applied. The purpose of Procrustes Analysis is to display
shape differences. Generalized Procrustes Analysis is used to
reveal general shape differences. Principal Component
Analysis (PCA) is used to measure variance distribution. The
PCA is a coordination method that aims to reduce the
dimensionality of the data from the samples. Discriminant
Function analysis was applied to all groups to investigate the
differences between the sexes. With this method, it was
aimed to find variations between females and males.

Results

The results of five different principal component values
of these landmarks determined according to the Morphol
program are given in Table 2. According to this table, PC1
explained 24.34%, PC2 16.24%, and PC3 10.45% of the total
variance.

Shape variation of PC values were given in Figure 3 with
the Wire-frame warp plots. The placement of the PC values
in the Variance Graph is shown in Figure 4. The blue frame
represents the mean shape of all samples, and the red frame
represents the positive limit. The red frames were compared
with the blue frames, as the blue frames gave the mean
shape.

A sharp curve was formed between LM2 and LM3,
which remained between U and R at PC1 value. Carpal bones
were evaluated according to the PC1 value. Accordingly, it
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Table 2. Results of principal component analysis.

Principal Eigenvalues Variance Cumulative

Components % %

PC1 0,00152116 24,345 24,345

PC2 0,00101482 16,241 40,586

PC3 0,00065337 10,457 51,043

PC4 0,00052995 8,481 59,524

PC5 0,00045782 7,327 66,852

AT N AT —,

F i 5 7"‘ e j

PC1 (24.34%) PC2 (16.24%) PC3 (10,45%)

Figure 3. Variance Distribution for Principal Components. Blue
outlines represent the mean shape configuration, while the red
outlines show the shape changes associated with the positive
extremes of the PC axes.

PC1 (24.34%)

PC2 (16.24%)

% Variance

. PC3 (10.45%)

Prncipal components

Figure 4. Representation of Principal Components on the variance
graph. Blue outlines represent the mean shape configuration, while
the red outlines show the shape changes associated with the
positive extremes of the PC axes.

was seen that the CU was narrower but longer. The positive
limit in the CR was transverse. In the lower row of carpal
bones, the positive limit of C3 was observed to be both
transverse and longitudinal. C2 followed a course closer to
MC and showed a wider shape as it approached MC.
Although C1 was almost the same size as the mean shape, it
was wider than the mean shape. The landmarks on the MC
were almost on the same course as the mean shape.

At PC2, landmarks at U and R showed a line that would
cross the mean shape. Likewise, landmarks placed in the MC
also crossed the mean shape. The edge where the LM7 was
placed in the CU showed a sharper shape. However, other
positive changes were almost identical to the mean shape. A
positive limit was observed in the CR, which started broadly
and narrowed horizontally. The positive limit of C3 was
observed to be longer but narrower than the mean shape.
C2 had a wider positive limit than the mean shape. The
positive limit of C1 was located further upstream from the
MC compared to the mean shape.

When the PC3 value was examined in general, it was
observed that the positive limits of the bones were flatter
than the mean shape. U and R are lower in PC3 than the

mean shape. The PC3 value represented a smaller CU value.
The positive change in CR was more transverse but shorter
in width. PC3 value was higher in all carpal bones in the lower
row. It showed a wider shape in C3. It was narrower in shape
in C2 and wider in C1. In MC, the positive change was located
higher up.

The graphs of gender distribution in carpal bones
depending on PC values are given in Figure 5. The red dots in
these graphs represent female dogs, and the blue dots
represent male dogs. Ellipses represent 95% confidence
intervals around the means for sexes. Accordingly, less
variation was observed in females. Male dogs showed more
variation compared to females for both graphs.

According to the graph of PC1 and PC2, the highest PC1
value was measured to be the female sample. However, the
highest PC2 value was observed in the male sample.
According to the graph of PC1 and PC3, it was observed that
the highest PC3 value was in the male sample. As a result,
when all the graphics related to PC values were evaluated,
no regional distribution was observed between female and
male individuals. Female specimens and male specimens are
scattered all over the graph.

The distinction of male and female individuals according
to discriminant function analysis is given in Table 3. In
addition, the discriminant scores, and the frequency graph,
which were also shaped according to this analysis, are shown
in Figure 6. According to these data, all 12 male samples
were separated from females. In females, 13 out of 16
female samples were separated from males, while 3 of them
did not show complete discrimination. However, according
to Figure 6, an evident distance was observed between
female and male samples. The differences between the
sexes are shown in Figure 7 with the Wire-frame Wrap plot.
In this graph, the mean values of female dogs are
represented by a red frame and that of male dogs by a blue
frame.

Table 3. Results of discriminant function analysis.

Female Male Total
Female 13 3 16
Male 0 12 12

componant 3

Principal component 2

Principal component 1 Principal componsat 1

Figure 5. The Gender Distribution plot of carpal bones by the PC1
(24.34 %), PC2 (16.24 %) and PC3 (10.45 %). Ellipses represent 95%
confidence intervals around the means for sexes (Male: blue;
Female: red).
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Figure 6. Discriminant scores and frequency for setter dogs carpal
bones according to gender (Male: blue; Female: red).

Frequency

——

/AT

Figure 7. For female and male dogs carpal bones mean shape and
difference between means (Male: blue; Female: red).

The frame between the signs on the U and R formed a
sharper shape in males. On the contrary, it has been
observed that female individuals form a more trapezoidal
shape. When the carpal bones in the upper row were
examined; CU was wider in female dogs. It was observed that
the CR was horizontal or even shorter in males than in
females. When carpal bones in the lower row were
examined, C3 was wider in females. Only at the LM17 point
the C3 of females was narrower than that of males. C2
showed a shorter and smaller shape in males. C1 was almost
the same size in males and females, only at LM25 and LM22
points C1 of females was slightly larger in shape. Two
landmarks were placed on the MC (LM26-LM27). While
LM26 was separated into females and males, such a
distinction was not observed in LM27. It was observed that
the discrimination decreased as it approached the LM27
linearly.

The distance between the joint spaces between the
carpal bones was greater in males. (Articulationes
mediocarpea and Articulationes intercarpea). However, the
distance between the upper carpal bones’ U and R articular
spaces was closer (Articulatio antebrachiocarpea). Likewise,
the spacing of the joints of the lower-order carpal bones with
the MC was narrower in males (Articulationes
carpometacarpea).

Discussion and Conclusion

This study aimed to investigate gender differences in
carpal bones. The development of morphological and

anatomical studies needs to examine whether there is a
distinction between carpal bones in female dogs and male
dogs in English setters. It is also crucial for forensic medicine
studies to determine whether these gender-related
differences are specific to races. Such studies, it is aimed to
increase the bones that can be evaluated instead of missing
bones (Mastrangelo et al., 2011b). The diversity of these
bones also provides the development of taxonomy (Bidmos-
Steinberg et al., 2005; Introna Jr. et al., 1998; Giurazza et al.,
2013; Gundemir et al., 2020a). For this purpose, radiographic
images of carpal bones were taken from 28 English setter
dogs. Twenty-seven landmarks were placed on these images.
Principal Component Analysis (PCA) and Discriminant
Function tests were applied to the visuals prepared.
According to the result of PCA, the PC1 value explained
24.34% of the total variance.PC2 value explained 16.24% of
the total variance. The PC3 value explained 10.45% of the
total variance. Figure 5 shows the confidence intervals of
both female and male individuals. According to this, female
dogs showed a more conservative shape variation compared
to male dogs.

According to discriminant function test results, all 12
male English setters were separated from the females. On
the other hand, 13 out of 16 female English setters were
completely separated from males, while 3 female English
setters were not wholly separated from males. It was
previously stated that the setter dogs whose images were
taken in the study did not have any orthopedic disorders. In
addition, the animals were selected from a certain weight
and age range. For this reason, the three female English
setters could not show complete separation from the male
group, which may be caused by ossification (Myo et al,,
2016).

Similar principal component values were found in
another animal study on carpal bones. This study was done
on horses. However, the comparison results between mean
value and shape changes are close to this study. It was also
studied on carpal bones as used in this study. In that study,
the value of PC1 was 28.44%, also, the PC1 value was the
highest variance percentage (Gundemir et al., 2021). The
variation percentages were high when the principal
component values were evaluated in this study. It was
observed that the principal component value with the
highest variance percentage was PC1 (24.34%) (Gundemir et
al., 2021).

All 12 male dogs were completely separated from the
female dogs in shape, while 3 out of 16 female dogs were not
separated from the male dogs. Considering that samples
from English Setter dog breeds were used in this study, the
results may have been obtained this way (Evans et al., 2013;
Gonzalez-Relldn et al., 2022; Irion et al., 2003). It has also
been reported that setters are used for tasks that rely on the
strength of the musculoskeletal system, such as hunting and
farm work, and for more comfortable purposes, such as dog
shows (Evans et al., 2013; Irion et al., 2003). In other animals,
it has been observed that the change in purpose of use can
cause many problems and differences in the skeletal system
(Bidmos et al., 2005; Li et al., 2000). In addition, the ages of
the English setter specimens used in this study were
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different from each other. This age difference may have
affected bone development and size (Riggs et al., 2004). This
may be the reason why 3 samples from female dogs were
not separated from male dogs. Discriminant analysis has
been previously applied to radiographic images and various
bone measurements. This method has been applied to
measurements of human and animal bones. It has also been
used for gender dimorphism (Barnes et al., 2020; Gundemir
et al., 2021; Mastrangelo, et al., 2011a; Mastrangelo et al.,
2011b). In addition, the Morphol software program, used as
a geometric morphometric method in this study, has been
used for sex determination in other studies (Sarac-
Hadzihalilovi¢ et al., 2022).

This study used radiographic images of the right carpal
bones of 28 different setter dogs. The obtained images were
transferred to Morphol software and analyzed in terms of
change according to gender. For this purpose, 27 landmarks
were added to all images. These landmarks were generally
placed by targeting the end corners of the bones observed in
the images. Principal component values were measured
using the Morphol software system. It was tried to explain
the visible changes according to the comparison results. In
addition, the difference between male and female
individuals was measured with the discriminant function
test. The gender-related differences in the carpal bones in
the setter dog breed were questioned. According to test
results, landmark locations differed in male and female dogs
(Figure 6). They were also separated from female dog
samples of all 12 male dog samples. However, according to
the test results, 3 out of 16 female dog samples did not
differentiate from male individuals (Table 3).
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