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This study aimed to investigate pelvic morphometric parameters in second-

trimester anatolian hair goat (Capra hircus) fetuses and to compare them 

between sexes. A total of 14 fetuses (7 females and 7 males) were examined. 

The crown–rump lengths (CRL) of the fetuses were measured, and gestational 

ages were estimated using reference tables reported in the literature. Following 

dissection and isolation of the pelvis, surrounding soft tissues were removed, 

and the main pelvic parameters were measured using ImageJ software. 

The evaluated parameters included vertical diameter (diameter verticalis, VD), 

transverse diameter (diameter transversa, TD), diagonal conjugate (conjugata 

diagonalis, DC), tuber coxae width (distantia coxarum, CT), acetabular 

diameter (diameter acetabuli, AC), narrowest transverse diameter (diameter 

transversa minor, TDNP), and pelvic length (longitudo pelvis, PL). 

The results revealed that TD, TDNP, and PL values were higher in female 

fetuses, whereas CT values were greater in males. No significant sex-related 

differences were observed in DC and AC parameters. These findings indicate 

that sex-related morphological differences in the pelvic structures of anatolian 

hair goat fetuses begin to emerge during the second trimester. 

The data obtained from this study are expected to contribute to a better 

understanding of goat embryology and prenatal skeletal development, to 

provide insight into the evaluation of birth canal formation in obstetrics, and to 

serve as a valuable reference for future comparative anatomical and 

morphometric studies. 
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1. INTRODUCTION 

Pelvic morphometry is an important field of 

investigation in both human and veterinary medicine 

with respect to obstetric, orthopedic, and 

anatomical research. Since the pelvis is directly 

related to the birth canal, it plays a critical role in 

understanding the physiology of parturition, 

particularly in females (Betti, 2021). Pelvic 

measurements performed in fetuses contribute to 

the evaluation of skeletal development during the 

prenatal period, the estimation of gestational age, 

and the early identification of sex-related 

morphological differences (Kananashi et al., 2024; 

Kliewer et al., 2000). Therefore, detailed 

examination of pelvic development during the fetal 

period is of clinical and academic significance in both 

veterinary and medical sciences. 

Studies on pelvic morphometry in small ruminants 

(sheep and goats) have mostly focused on obstetric 

problems in adult animals (Amicis et al., 2019). It has 

been well documented that pelvic canal diameters 

and angles play a critical role in cases of dystocia 

(Nogalski & Baranski, 2023). Pelvic measurements 

have frequently been recommended to prevent 

obstetrical complications in adult animals (Robalo 

Silva & Noakes, 1984; Jacobson et al., 2020). 

However, data regarding pelvic development during 

the fetal period, particularly in the second trimester, 

remain scarce (İşbilir & Güzel, 2024; Mogheiseh et 

al., 2023). This limitation has hindered a 

comprehensive understanding of morphological 

changes in the pelvis during prenatal development. 

The anatolian hair goat (Capra hircus), a widely 

reared small ruminant in Turkey, represents a 

valuable model for morphometric research (Aslan 

Kanmaz & Atlı, 2025). Detailed morphometric 

measurements during the fetal period shed light on 

prenatal developmental biology, contribute to the 

understanding of growth patterns in the skeletal 

system, and help predict potential postnatal 

structural variations (Nourinezhad et al., 2017; 

Ramirez-Gonzalez et al., 2023). Furthermore, 

comparisons between sexes may reveal whether the 

pelvis exhibits different growth patterns in male and 

female fetuses, thereby reflecting early 

manifestations of embryological differentiation 

(Kanahashi et al., 2024; Banankhojasteh, 2006). 

Research on human fetuses has demonstrated that 

sex-related differences in pelvic measurements can 

emerge during mid-gestation (Fischer & 

Mitteroecker, 2017; Kanahashi et al., 2024). 

Similarly, three-dimensional imaging and 

morphometric studies in ovine fetuses have revealed 

significant differences between sexes in certain pelvic 

parameters (İşbilir & Güzel, 2024). Morphometric 

studies conducted in large animals such as cattle and 

horses have also shown that pelvic canal 

measurements are critical for obstetric outcomes 

(Tsaousioti et al., 2024; Patterson & Herring, 2022). 

However, studies focusing on goat fetuses are 

extremely limited, and existing data are insufficient 

for a systematic evaluation of sex-based differences. 

In this study, the main pelvic parameters of second-

trimester anatolian hair goat fetuses obtained from 

the Siirt region were measured manually and 

compared between sexes. The findings are expected 

to contribute to the fields of goat embryology and 

morphometry, to enhance understanding of prenatal 

birth canal development in obstetrics, and to provide 

a reference for future comparative anatomical 

studies. 
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2. MATERIALS AND METHODS 

2.1. Animal Material 

In this study, a total of 14 second-trimester anatolian 

hair goat (Capra hircus) fetuses (7 females, 7 males) 

obtained from pregnant does that were slaughtered 

in abattoirs in the Siirt region were used as material.  

2.2. Morphometric Measurements 

The sexes of the fetuses were determined by 

macroscopic examination of the external genitalia, 

and their crown–rump lengths (CRL) were 

measured to estimate gestational age using reference 

tables reported in the literature (Amer, 2008; Kuru 

et al., 2019). 

For pelvic morphometry, the pelvic regions of the 

fetuses were carefully dissected, surrounding soft 

tissues were removed, and the pelvic bones were 

isolated. Measurements were performed using 

ImageJ software (version 1.54p, NIH, USA), which 

enabled high-precision digital quantification of pelvic 

parameters. 

The pelvic parameters examined in this study were 

as follows: 

• VD (Vertical diameter): The vertical distance 

between the cranial end of the symphysis pelvina and 

the ventral surface of the sacrum. 

• TD (Transversal diameter): The greatest 

width between the tubera coxarum. 

• DC (Diagonal conjugata): The distance 

between the promontory and the caudal end of the 

symphysis pelvina. 

• CT (Coxal tuberosities width): The 

maximum width between the tuber coxae. 

• AC (Acetabulum diameter): The greatest 

internal diameter between the right and left 

acetabula. 

• TDNP (Narrowest transverse diameter): 

The narrowest transverse diameter of the pelvis. 

• PL (Pelvis length): The distance between the 

tuber coxae and the tuber ischiadicum. 

Each parameter was measured twice, and the mean 

values were recorded. The schematic representation 

of the pelvic measurements is presented in Figure 1. 

 

Fig. 1. (A) Pelvic view of a 65-day-old male fetus showing 

pelvis length (PL), vertical diameter (VD), and diagonal 

conjugata (DC). (B) Pelvic view of a 70-day-old female fetus 

demonstrating transverse diameter (TD), narrowest 

transverse diameter (TDNP), and coxal tuberosities width 

(CT). 

3. RESULTS 

The results were organized and presented in tabular 

form, including mean, standard error (SE), standard 

deviation (SD), minimum, and maximum values for 

each parameter. These data are summarized in Table 

1.  

The pelvic morphometric measurements obtained in 

this study revealed that sex-related differences 

emerge in second-trimester anatolian hair goat 

fetuses. In particular, transverse diameters (TD, 

TDNP) and pelvic length (PL) were found to be 

greater in female fetuses compared with males. TD  
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Table 1. Descriptive statistics data of pelvic morphometric parameters (cm) in male and female second-trimester 

hair goat (Capra hircus) fetuses.

SE: Standard Error, SD: Standard Deviation 

values averaged 1.85 cm in females and 1.71 cm in 

males; TDNP was 1.34 cm in females and 1.28 cm in 

males; and PL measured 3.34 cm in females and 3.19  

cm in males. These findings suggest that pelvic 

structures associated with the birth canal in female 

fetuses may exhibit a wider and longer morphological 

profile during the second trimester. 

In contrast, CT (coxal tuberosities width) values were 

higher in males than in females (2.23 cm vs. 2.18 cm). 

This indicates that the lateral expansion of the pelvis 

may be more pronounced in male fetuses and may 

reflect a sex-specific growth pattern in these 

structures. 

No remarkable differences were observed between 

sexes in DC (diagonal conjugata) and AC (acetabulum 

diameter) measurements. DC averaged 1.57 cm in 

males and 1.58 cm in females, while AC was 1.32 cm  

 

 

in both sexes. These results suggest that such 

parameters remain relatively stable during the second 

trimester and that sex differences have not yet 

become pronounced at this stage. 

Overall, the wider and longer values of birth canal-

related parameters (TD, TDNP, PL) in female fetuses 

may represent early indicators of sex-related 

differentiation during the embryological period,  

reflecting adaptations linked to reproductive 

physiology. Conversely, the higher CT values in males 

point toward a divergent growth pattern in the lateral 

walls of the pelvis. 

4. DISCUSSION 

The findings of the present study are consistent with 

previously reported results in both human and small 

ruminant fetuses. The larger transverse diameters and 

pelvic length observed in female fetuses may be 

Parameter Sex n Mean SE SD Minimum Maximum 

VD 
Female 7 1.27 0.07 0.19 1.04 1.57 

Male 7 1.17 0.09 0.25 0.94 1.68 

TD 
Female 7 1.85 0.10 0.28 1.51 2.27 

Male 7 1.71 0.14 0.36 1.38 2.46 

DC 
Female 7 1.58 0.09 0.24 1.29 1.94 

Male 7 1.57 0.13 0.33 1.26 2.26 

CT 
Female 7 2.18 0.12 0.33 1.79 2.68 

Male 7 2.23 0.18 0.47 1.80 3.21 

AC 
Female 7 1.32 0.07 0.20 1.08 1.62 

Male 7 1.32 0.11 0.28 1.06 1.90 

TDNP 
Female 7 1.34 0.08 0.20 1.10 1.65 

Male 7 1.28 0.10 0.27 1.04 1.85 

PL 
Female 7 3.34 0.19 0.50 2.73 4.10 

Male 7 3.19 0.26 0.68 2.57 4.61 
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considered an early adaptation for the development 

of the birth canal, highlighting the influence of sexual 

differentiation on skeletal structures during gestation. 

Conversely, the higher coxal tuberosity width (CT) 

values observed in male fetuses suggest a distinct 

growth pattern in the lateral development of the 

pelvis, indicating that sex-specific morphological 

strategies may begin to emerge during the early stages 

of development. 

Studies on human fetuses have shown that sex-related 

differences in pelvic measurements can already be 

detected during mid-gestation. Schulz and Saternus 

(1984) and Kanahashi et al. (2024) reported that 

pelvic parameters in males and females may follow 

different developmental trajectories during this 

period. Similar findings have been reported in small 

ruminants: İşbilir and Güzel (2024), through three-

dimensional imaging of ovine fetuses, identified 

significant sex-based differences in several pelvic 

parameters. Our findings are consistent with these 

observations and support the notion that pelvic 

sexual dimorphism is present across species during 

prenatal development. 

Nourinezhad et al. (2017) demonstrated that prenatal 

pelvic development in sheep follows a largely linear 

progression, while Parmar et al. (2024) showed that 

radiographic assessment of pelvic parameters in goat 

fetuses is a reliable method for estimating fetal age. 

These findings emphasize the value of pelvic 

morphometry not only in obstetrics but also as a 

significant tool in developmental biology and 

embryology. 

Research on large domestic animals such as cattle and 

horses has demonstrated that pelvic measurements 

are crucial for understanding the functional capacity 

of the birth canal, and inadequate pelvic dimensions 

have been associated with dystocia (Roberts, 1986; 

Jackson, 1995; Budras et al., 2012). Similarly, studies 

in companion animals such as dogs and cats have 

revealed sex-related differences in pelvic 

morphometry (Salibian & Mendez, 1991; 

Nganvongpanit et al., 2017; Pitakarnnop et al., 2017). 

Taken together, these results indicate that the findings 

of our study are not limited to small ruminants but 

reflect a more general biological trend across 

mammalian species.  

5. CONCLUSION 

In conclusion, this study provides novel data on pelvic 

development and sex-related morphological 

differences in second-trimester anatolian hair goat 

fetuses. These findings contribute to the field of 

veterinary anatomy and comparative embryology and 

are expected to serve as a valuable reference for 

future investigations with larger sample sizes and 

advanced imaging techniques. 
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