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Abstract

Background:Türkiye is a country in theworld ranking in termsof sheepbreeding.Ham-

dani crossbred sheep breed is one of the sheep breeds that can adapt to the difficult

conditions in our country. In addition, the sentence may be corrected as ‘Especially

in the southeastern part of the Türkiye, crossbreeding is preferred by breeders to

increase the yield characteristics of sheep’.

Objectives: In our study, it was aimed to perform a pelvimetric analysis of Ham-

dani crossbred sheep fetuses in the second and third trimesters by three-dimensional

modelling method.

Methods: For this purpose, a total of 40 second-trimester (10 females, 10 males) and

third-trimester (10 females, 10 males) fetuses were used. The pelvises of the fetuses

were imagedwith CT and 3Dmodels were created. Sixteen pelvimetricmeasurements

were performed from themodels. The results obtainedwere evaluated statistically.

Results: The study found statistically significant differences betweenmale and female

fetuses in terms of vertical diameter (VD) and foramen obturatum width (FOW) mea-

surement parameters in the second trimester. In the third trimester, there were

statistically significant differences between genders in acetabulum (AC) (p < 0.01),

medial ischial tuberosities (MIT), and ischiatic arch (IA) (p < 0.05) parameters. As a

result of the correlation analysis, it was determined that the pelvis length (PL) mea-

surement parameter was positively correlated with different parameters in varying

degrees in both periods, while the IA parameter did not show significant correlations

with the other parameter in the last two periods of pregnancy.

Conclusion: In conclusion, the data obtainedwill be useful in pelvimetric evaluations of

human and animal fetuses, anatomy education, zooarchaeology and taxonomy studies.
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1 INTRODUCTION

Ossa coxae is the bone structure responsible for the attachment of the

hindlimb to the trunk. The section formed by the ossa coxae laterally

and ventrally, the sacral vertebrae dorsally and the first caudal verte-

brae are called the pelvis. The cavity of the pelvis is known as the cavum

pelvisand thecanal is knownas the canalis pelvis. The cavity contains the

organs of the digestive, urinary and genital systems, as well as the birth

canal. In adult animals, gender can be determined using morphometric

features of bones in the skeletal system (Dayan et al., 2023; Duro et al.,

2021; Gündemir et al., 2020a; Güzel & İşbilir, 2024; Jashari et al., 2022;

Steyn & Patriquin, 2009; Şenol et al., 2022). Depending on the effects

of sex hormones on the pelvis, the pelvic skeleton is differentiated

between sex. Therefore, it can be used for sex determination in adult

mammals and birds (Charles, 2013; Dawson et al., 2011; Gündemir

et al., 2020b;Komar&Buikstra, 2008;Manuta et al., 2023; Yılmaz et al.,

2024). Especially when pelvic and skull bones are used together, sex

determinations can reach a very strong prediction level of 98% (Garvin,

2012; Şahiner & Yalçıner, 2007). Apart from sex determination, the

shape and dimensions of the pelvic structure are important factors in

the labour process (Sporri et al., 1994). This necessitates a good knowl-

edge of the anatomical structure of the canalis pelvis. Pelvimetry has

been used to assess the size of the pelvic canal and compare it with

the size of the fetus in various species. Radiography (X-ray) is the most

commonmethod used for this purpose (Eneroth et al., 1999; Monteiro

et al., 2013). Computed tomography, magnetic resonance imaging and

ultrasonography are also used (Ohlerth & Scharf, 2007; Stark et al.,

1985). To overcome the disadvantages of two-dimensional (2D) con-

ventional imaging methods, models and measurements of anatomical

structures are made with three-dimensional (3D) modelling from CT

slices in the medical sector (Allowen et al., 2016; Aydoğdu et al., 2021;

İşbilir & Guzel, 2023; Lloyd et al., 2018; Mirjana et al., 2014; Morone

et al., 2019; Parthasarathy, 2014). Pelvic development and diameters

may vary depending on many factors such as race, body size, gen-

der, nutrition, movement rate, hormones, environment and climatic

conditions (Karakaş, 1988).

Sheep stand out with their role in organic production in meeting

sustainability demands (Koyuncu & Taşkın, 2016). Hamdani sheep

breed is a preferred breed in terms of milk and fleece yield and has

a fat tail structure (Al-Barzinji et al., 2011). Especially, crosses of

Hamdani sheep are raised in the south-eastern of the Türkiye for its

production traits and preferred by breeders for well adaptation ability

to the region (Turgut et al., 2023; Turgut et al., 2024; Turgut & Koca,

2024).

Investigation of bone development during gestation periods is

necessary to understand the changes that occur during these peri-

ods. Studies on bones in the fetal period in sheep are limited. In

our study, measurements of the fetal pelvic structure of Hamdani

crossbred ewes in the second and third trimesters of pregnancy

using a 3D modelling technique and comparisons between sexes in

the same trimester were made. The data obtained will contribute to

various branches of science such as gynaecology, zooarchaeology and

taxonomy.

2 MATERIALS AND METHODS

2.1 Animals

In our study on pelvis measurements of second and third trimesters

of sheep pregnancy, a total of 40 fetuses from the second trimester

(10 females and 10 males) and the third trimester (10 females and

10 males) were used. Fetuses were collected from the uteruses of

pregnant animals slaughtered in the slaughterhouse of Siirt province.

Fetuses from uteruses with a single pregnancy were included in the

study. The gestation period was determined using the formula X =
2.1(Y+17) (X = gestation period in days, Y = crown-anus length)

(Noakes et al., 2001; Singh et al., 2023). X = 2.1 (Y + 17) (X = Y = CRL).

Two separate groups were formed in the second trimester (68–99

days) and third trimester (110–140 days).

2.2 Radiological imaging

Computerised tomography scans of the collected fetuses were per-

formed at the Private Siirt Hayat Hospital. The pelvises of second-

and third-trimester fetuses were scanned at 200 MA 639 mGY and

0.625 mm slice thickness with a 64-detector multislice Siemens brand

computed tomography device at 80 kV. The images obtained were

saved in DICOM format. Images were transferred to 3D-Slicer 5.6.2

software and 3D reconstruction images were created.

2.3 Osteometric measurements

The Nomina Anatomica Veterinaria (Nomina Anatomica Veterinaria,

2017) was used to name the anatomical reference points in the mea-

surements. The measurement parameters were determined based on

the studies of Yilmaz et al. (2023) and Demircioglu et al. (2021). Mea-

surements were made on the resulting 3D models (Figures 1 and 2).

Linear measurements taken from the laterolateral 3D model of the

pelvis:

1. PL: Pelvis length: Distance between the most distant tuber coxae

and tuber ischiadicum

2. VD: Vertical diameter (diameter verticalis): The vertical distance

between the cranial end of the pelvic symphysis and the ventral

surface of themid sacrum (pelvis height)

3. CV: Conjugate vera: Distance between the promontorium and

cranial end of the symphysis pelvina

4. DC: Diagonal conjugata (conjugata diagonalis): Distance between

the promontorium and caudal end of the symphysis pelvina.

5. SGD: Sagittal diameter (diameter sagittalis): Distancebetween cau-

dal the end of the sacrum and the caudal end of the symphysis

pelvina

6. DS: Sacral diameter (diameter sacralis): vertical distance between

the caudoventral border of the sacrum and the medial portion of

themidcranial symphysis pelvina
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F IGURE 1 Morphometric measurement points of the pelvis in Hamdani crossbred sheep fetuses (dorsal and lateral). AC, acetabulum; CT, coxal
tuberosities; FOL, foramen obturatum length; FOW, foramen obturatumwidth; IA, ischiatic arch; LIT, lateral ischial tuberosities; TD, transversal
diameter.

F IGURE 2 Morphometric measurement points of the pelvis in
Hamdani crossbred sheep fetuses (lateral). CV, conjugate vera; DC,
diagonal conjugata; DS, sacral diameter; PL, pelvis length; PS, total
length of the symphysis pelvina; SGD, sagittal diameter; VD, vertical
diameter.

7. PS: Total length of the symphysis pelvina

8. CT: Coxal tuberosities: Horizontal distance greatest width

between the tuber coxae

9. TD: Transversal diameter (diameter transversa): Horizontal dis-

tance between the interior surfaces of both ilial shafts.

10. AC: Acetabulum: Horizontal distance between the interior sur-

faces of both acetabuli (pelvis width)

11. LIT: Lateral ischial tuberosities: Horizontal distance greatest

width between the tuber ischiadicum

12. MIT: Medial ischial tuberosities: Horizontal distance smallest

width between the tuber ischiadicum

13. FOL: Foramen obturatum length: Greatest length of the obturator

foramen

14. FOW: Foramen obturatum width: Greatest width of the obturator

foramen

15. PI: Pelvic inclination (inclinatio pelvis): Angle between the diameter

verticalis and the diameter conjugata

16. IA: Ischiatic arch (arcus ischiadicus): Angle between the ischiatic

arch.

2.4 Statistical analysis

Shapiro–Wilk (n<50) andSkewness-Kurtosis testswereused todeter-

mine whether continuous measurements were normally distributed.

Descriptive statistics of the study variables were expressed as mean

and standard deviation. Independent t-test was used to compare mea-

surements by groups (male and female fetal pelvis within the same

trimester). Pearson’s correlation coefficients were calculated to deter-

mine the relationship between measurements. Statistical analyses

were performed using SPSS 22.0 software. Statistical significance level

was set up p< 0.05.
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TABLE 1 Measurements of the pelvis of second trimester sheep.

Gender N Min. Mean Max.

Std. error

of mean p

PL Male 10 35.02 45.6200 51.18 1.4 NS

Female 10 37.45 39.6700 42.02 0.44

VD Male 10 16.20 17.9070 19.56 0.34 **

Female 10 15.03 15.9740 16.59 0.14

CV Male 10 25.18 26.4240 26.42 0.31 NS

Female 10 23.01 24.2730 26.18 0.31

DC Male 10 23.05 25.2510 28.45 0.46 NS

Female 10 19.05 20.6110 23.01 0.32

SGD Male 10 35.12 36.4340 38.65 0.35 NS

Female 10 32.18 33.6250 34.56 0.22

DS Male 10 30.12 31.0040 32.15 0.25 NS

Female 10 25.26 27.5760 28.48 0.32

PS Male 10 12.25 13.0870 13.65 0.15 NS

Female 10 10.99 11.4459 12.36 0.13

CT Male 10 16.35 17.2280 18.48 0.19 NS

Female 10 13.84 14.4100 15.20 0.13

TD Male 10 8.84 9.2440 9.98 0.11 NS

Female 10 7.14 8.2920 9.02 0.19

AC Male 10 7.45 7.8300 8.45 0.10 NS

Female 10 6.02 7.1000 7.85 0.16

LIT Male 10 9.48 10.0550 10.67 0.13 NS

Female 10 8.15 8.6770 9.41 0.14

MIT Male 10 6.02 6.3700 6.84 0.09 NS

Female 10 5.02 5.3560 6.01 0.09

FOL Male 10 7.18 7.4640 8.02 0.08 NS

Female 10 6.02 6.2750 6.58 0.06

FOW Male 10 3.12 3.7380 4.02 0.08 **

Female 10 2.99 3.0600 3.20 0.02

PI Male 10 13.25 13.9320 14.56 0.11 NS

Female 10 12.01 12.4850 13.02 0.12

IA Male 10 26.41 27.7870 28.47 0.25 NS

Female 10 25.02 26.7110 36.02 1.05

**p< 0.01.

3 RESULTS

Sixteen pelvimetric measurements were taken from the pelvis of

second- and third-trimester sheep fetuses. The measurements’

descriptive statistics and p values are presented in Tables 1 and 2, and

correlation results are presented in Tables 3 and 4. The PL measure-

ment parameter revealed that males were larger than females in the

second and third trimesters. VD and FOW parameters were found

to be statistically significant in the pelvis of second-trimester sheep.

When the third-trimester measurement parameters were examined,

it was determined that the AC measurement parameter was larger in

females than males and was statistically highly significant. MIT and IA

parameters were found to be larger in females than males and were

statistically significant. According to the data we obtained, it was

determined that females were larger than males in some measure-

ments in the third trimester compared to the second trimester. When

the third-trimester correlation analysis was examined, it was seen

that the PL measurement parameter had a strong positive correlation

with the VD, CV, DC, SGD, DS, PS, CT, and TD measurement param-

eters. Additionally, it was determined that the IA parameter had no

correlation with any measurement parameters. When the correlation

analysis of the second trimester was examined, it was seen that the PL
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TABLE 2 Measurements of the pelvis of third-trimester sheep.

Gender N Min. Mean Max.

Std. error

of mean p

PL Male 10 72.25 75.0050 78.14 0.51 NS

Female 10 66.14 68.4990 68.49 0.33

VD Male 10 31.01 32.7000 35.62 0.46 NS

Female 10 26.95 28.1270 29.74 0.28

CV Male 10 54.78 56.6660 59.67 0.43 NS

Female 10 50.25 51.6560 53.21 0.30

DC Male 10 35.02 36.8350 38.41 0.33 NS

Female 10 30.28 32.1970 34.56 0.38

SGD Male 10 51.84 53.8570 55.20 0.38 NS

Female 10 46.28 47.7160 49.02 0.26

DS Male 10 42.05 42.8240 44.12 0.20 NS

Female 10 35.14 37.5160 38.47 0.35

PS Male 10 18.41 19.6420 21.02 0.24 NS

Female 10 15.45 16.2410 17.09 0.16

CT Male 10 37.41 38.6980 40.10 0.28 NS

Female 10 31.05 33.4530 35.15 0.37

TD Male 10 16.25 17.3800 18.25 0.21 NS

Female 10 18.47 20.1420 22.03 0.35

AC Male 10 13.00 13.5720 14.20 0.11 **

Female 10 14.01 14.5510 15.55 0.20

LIT Male 10 23.14 23.5560 23.87 0.07 NS

Female 10 24.16 24.4130 25.02 0.10

MIT Male 10 10.45 10.6260 11.02 0.06 *

Female 10 10.47 10.8490 11.50 0.12

FOL Male 10 13.02 13.4910 13.82 0.07 NS

Female 10 12.14 12.4260 12.85 0.08

FOW Male 10 6.15 6.5234 6.85 0.08 NS

Female 10 7.01 7.5350 8.02 0.10

PI Male 10 26.54 27.5030 28.54 0.23 NS

Female 10 25.02 26.0330 27.50 0.23

IA Male 10 54.01 56.2720 59.02 0.50 *

Female 10 56.12 57.4440 58.14 0.19

*p< 0.05.

**p< 0.01.

measurement parameter had a normal positive correlation with DC,

DS and CT. In addition, there is no correlation analysis with any of the

IAmeasurement parameters as in the third trimester.

4 DISCUSSION

Morphometric analysis of animal bones is a method frequently used

to reveal morphological variations within a species, to investigate dif-

ferent specieswithin animal genera, to determine differences between

sexes, and to provide important data for a wide range of scien-

tific fields such as evolutionary, forensic and developmental sciences

(Pitakarnnop et al., 2017).Morphometric data obtained from the pelvis

are very important for the early diagnosis of congenital pelvis (Campos

et al., 2019).

At the level of anatomical science, both internal and external mea-

surements of the pelvis are considered important for reproductive

and obstetricians. Reproduction depends on the pelvis and a good

pelvis means a good, strong, productive life, and thus good, healthy

offspring with high productivity can be produced (Coopman et al.,
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2003). Furthermore, the assessment of animal safety through spe-

cific reproductive management programs is carried out in case of a

healthy parturition (Campos et al., 2019). With anatomical knowledge

of the bone pelvis structures, we can obtain the average pelvic diam-

eters required for reproduction (Coopman et al., 2003). Studies have

observed that thepelvic bone is effective in egg retention in birds (Koca

et al., 2023b) and difficult births in mammals (Koca et al., 2023a).

Bahadır and Yıldız (2016) stated that the closer the vertical diame-

ter is to the caudal of the sacrum, the easier the birth will be. In a study

conductedon8- to12-month-old goats, vertical diameterwas reported

as 8.1 cm on average (Seif et al., 2018). In 12-week-old sexually mature

Awassi sheep, the vertical diameter varied between 8.36 ± 0.04 and

10.61 ± 0.03 cm and in domestic black goats between 7.55 ± 0.03

and 10.55 ± 0.10 cm (Alhanosh & Hasso, 2022). In another study con-

ducted on gazelles, it was determined that the vertical diameter was

closer to the caudal part of the sacrum in female animals than in male

animals (Demircioğlu & Gezer İnce, 2020). In dog breeds, it was men-

tioned that the vertical diameter fell further behind the sacrum in dogs

with large body structures (Akçasız et al., 2024). In our study, similar to

the results expressed in gazelles, a statistical difference was observed

between the sexes in termsof vertical diameter in animals in the second

trimester. In the third trimester, there was no such difference.

As a result of radiographic examination in British shorthair catswith

dystocia and eutocia, the ACmeasurement parameter was reported as

2.05 ± 0.10 mm in cats with dystocia and 2.30 ± 0.12 mm in cats with

eutocia (Koca et al., 2023a,b). The same parameter was determined

as 13.57 ± 0.37 mm in male fetuses and 14.55 ± 0.64 mm in female

fetuses in the third trimester, and a statistical difference was observed

between the sexes (p< 0.01).

In our study, theMIT parameter was determined as 6.37± 0.09mm

in males and 5.35 ± 0.09 mm in females in second-trimester fetuses,

while it was determined as 10.62 ± 0.06 mm in males and 10.84 ±
0.12 mm in females in third-trimester fetuses. In gazelles, the same

parameter was reported as 46.18 ± 5.29 mm in females and 37.96

± 0.68 mm in males. In addition, a statistically significant difference

was expressed between the sexes (Demircioğlu & Gezer İnce, 2020).

According to our study results, in terms of the MIT parameter, no dif-

ferencewas observed between the sexes in the second trimester, while

the difference between the sexes in the third trimesterwas statistically

significant (p< 0.05).

It is known that high ischial arch and pelvic inclination in females

have an important place among the factors facilitating labour (Bahadır

& Yıldız, 2016; Dursun, 2006; Pitakarnnop et al., 2017). In studies con-

ducted on Van cat (Yılmaz et al., 2020), New Zealand rabbits (Özkadif

et al., 2014), Kangal dogs (Atalar et al., 2017), and gazelles (Demircioglu

et al., 2021), it was determined that this angle was higher in females

than males. In a study conducted on British shorthair cats, this angle

had a statistically greater value in eutocia cats than in dystocia cats

(Koca et al., 2023a,b). In a study, the similarities between the pelvic

structures of sheep and humans were mentioned (Urbankova et al.,

2017). In a survey conducted in the human fetal period, in terms of

ischiatic arch angle (subpubic angle), significant sexual dimorphismwas

noticed in 14- to 22-week-old fetuses, but the values were always less

than 90◦ in both sexes and in female infants, they were towards the

upper side as in adults (Mahboobul Haque et al., 2016). In our study

results, the ischial arch angle did not differ between male and female

animals in second term fetuses, but in third term fetuses, this angle had

a greater value in females than in male ewes. This result may indicate

that the ischiatic arch angulation is fully formed close to birth.

As a result of the correlation analysis, it was determined that pelvis

length had a positive relationship with certain parameters at different

rates in both gestation periods. This indicates that pelvic length and

other parameters growwith the growing offspring. This result confirms

the interpretation that weight and age are important in most pelvic

measurements (Celimli et al., 2008; Dobak et al., 2018; Eneroth et al.,

1999; Nahkur et al., 2011). In our study, the angulation of the ischiatic

arch did not show any correlation with any parameter in both fetuses.

5 CONCLUSION

Consequently, this study is the first attempt to examine the pelvic

structure of sheep fetuses (Ovis aries) in three dimensions using the

CT technique and to perform pelvimetric analyses. It is thought that

the results of the study will be useful in the evaluation of CT images

of fetuses in animals and humans, anatomy education, gynaecological

diseases, and zooarchaeological studies.
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