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ABSTRACT 

	Background: The pelvis is the most sexually dimorphic region of the human skeleton and plays a pivotal role in forensic anthropology, clinical anatomy, and medicolegal investigations. The ischiopubic index has been widely used for biological sex estimation. This study aimed to determine the ischiopubic index among adult Nigerians in Port Harcourt, Rivers State.
Methodology: A retrospective descriptive cross-sectional study was conducted using 100 archived anteroposterior pelvic radiographs (50 males and 50 females) obtained from the Department of Radiology, University of Port Harcourt Teaching Hospital. Pubic length and ischial length were measured from standardized anatomical landmarks, and the ischiopubic index was calculated as (Pubic Length/Ischial Length) × 100. Data were analysed using IBM SPSS version 25. Independent-samples t-test and discriminant function analysis was performed, with statistical significance set at p < 0.05 
Results: The mean pubic length was 79.14 ± 5.95 mm in males and 76.10 ± 9.21 mm in females, with no significant sex difference (p = 0.053). Males had significantly greater ischial lengths than females (84.08 ± 5.99 mm vs. 71.97 ± 9.13 mm; p < 0.001). Conversely, females exhibited a significantly higher ischiopubic index than males (105.81 ± 1.28 vs. 94.09 ± 0.84; p < 0.001). Discriminant function analysis yielded the equation D = −1.802 − 1.333(Pubic Length) + 1.349(Ischial Length) and demonstrated excellent discriminatory performance (Eigenvalue = 38.506, Canonical Correlation = 0.987, Wilks' Lambda = 0.025, χ² = 356.616, p < 0.001), correctly classifying 100% of both original and cross-validated cases.
Conclusion: The study demonstrates that the ischiopubic index is a reliable indicator of sexual dimorphism in adult Nigerians from Port Harcourt. The derived discriminant function provides population-specific reference data that may be useful for forensic identification, anthropological research, and clinical anatomical practice.
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1. INTRODUCTION 
The hip bone, or innominate bone, is a large irregular bone formed by the fusion of the Ilium, Ischium, and Pubis which meet at the acetabulum and progressively fuse during adolescence. Along with the sacrum and the coccyx, the two hip bones form the bony pelvis, which articulates with the lower limbs. The pelvis performs several vital functions in the human body, ranging from transmitting the body mass from the spine to the lower limbs, protecting the organs in the pelvic cavity and the lower abdominal organs, serving as a point of attachment for muscles and ligaments, and facilitating movement, balance, and flexibility. The pelvis is generally regarded as the most sexually dimorphic region of the human skeleton, largely because of adaptations associated with locomotion and reproduction (Kurki, 2013; Huseynov et al., 2016). The degree of sexual dimorphism of the pelvis has made it an anatomical structure of prime interest in Forensic Anthropology, Anatomy, Orthopedics, Bio-archaeology, Obstetrics, and related fields (Franklin and Marks, 2022). The pelvis is divided by the pelvic brim into the greater (false) pelvis and the lesser (true) pelvis. The greater pelvis is the abdominal part of the pelvis involved in supporting the lower abdominal organs, while the lesser pelvis contains the pelvic cavity and forms the bony framework of the birth canal in females.
The classification of the pelvis adopted by Caldwell and Moloy (1933) remains in use today in Obstetrics, wherein the female pelvis is categorized into four groups: gynecoid, android, anthropoid, and platypelloid. Modern anatomical studies have shown that a continuous gradation of pelvic shapes occurs throughout populations with no distinct categories (Huseynov et al., 2016). A number of factors are implicated in the variations observed in pelvic morphology, ranging from genetic, hormonal, and growth factors to biomechanical, nutritional, and environmental variables (Franklin and Marks, 2022). As such, it has become common practice in Forensic Anthropology to adopt population-specific reference data to analyze the pelvic morphology of individuals from different geographical regions whose populations may have adapted to local environmental conditions (Huseynov et al., 2016; Franklin, 2006). In Forensic Anthropology and Anatomy, the ischiopubic index has been identified as one of the morphometric parameters with the highest diagnostic efficiency for determining biological sex. This is primarily because females have significantly higher ischiopubic indices than males due to the relatively greater length of the pubic bones compared to the ischial bones (Washburn, 1948; Ekanem et al., 2009; Attah et al., 2015). The ischiopubic index has been found to vary significantly among populations based on genetic, hormonal, and socio-environmental factors and the differences in growth patterns. As such, current trends in Forensic Anthropology advocate the necessity of developing reference data sets that are population-specific rather than relying on universally accepted values in the determination of the ischiopubic index (Klales, 2021; Franklin and Marks, 2022; Espejel & Cucina, 2025).
Studies carried out in Nigeria on the ischiopubic index have shown significant sexual dimorphism among the populations of Cross River state (Ekanem et al., 2009), Eastern Nigeria (Oladipo et al., 2010), Lagos state (Ekanem et al., 2014), Maiduguri (Attah et al., 2015), and among the Urhobo and Itsekiri (Oladipo et al., 2014) ethnic groups. All the studies found that females had higher ischiopicubic indices than males, and as such, the ischiopubic index can be used to determine the biological sex of an individual. With the exception of (Attah et al., 2015), the study found that ischiopicubic indices varied significantly among the populations studied. Therefore, the ischiopubic indices reported by these studies cannot be used to generalize the patterns of variation of the ischiopubic index of Nigerians as a whole. Similar observations have been reported worldwide, since both osteometric, computed tomography, and three-dimensional morphometric analyses of the pelvic measurements have shown that the morphological variation of the pelvis varies geographically (Franklin & Marks, 2022). Knowledge of the pelvic morphology has several applications in medicine and Forensic Sciences.
In Forensic Anthropology, the pelvis is considered the most reliable skeletal element for determining the biological sex of an individual with relatively high accuracy, especially when compared to other skeletal elements if they are available for comparative analysis (Phenice, 1969; Klales et al., 2012). Modern Forensic Anthropology has adopted a multidisciplinary approach to sex estimation that employs both traditional osteometric measurements and computed tomography scans to produce three-dimensional reconstructions of the pelvis for geometric morphometric analyses. Such an approach allows for greater objectivity in sex estimation while still relying on conventional osteometric measurements that are simple to apply in forensic practice and retain anatomical validity (Franklin and Marks, 2022). In medical anatomy, pelvic morphometry plays an essential role in orthopedic surgery because it informs surgeons’ decisions during acetabular reconstruction, pelvic fracture fixation, hip arthroplasty, and the design of hip implants. Similarly, the pelvis morphology is crucial to Obstetrics and Gynecology in assessing the maternal birth canal and labor conditions. As such, radiographic pelvic morphometry can provide vital anatomical information necessary for various forensic, medical, and orthopedic applications, including determining the biological sex of an individual and informing hip implant designs.
Despite the general reliability of the ischiopubic index for sex estimation, significant variation in the ischiopubic index complicates the use of existing reference data in sex estimation, particularly for populations whose pelvic morphology has not been extensively studied. Even within the confines of Nigeria, most of the published studies analyzing the ischiopubic index originate from certain geographical regions, and as such, the reference data generated from these studies may not be applicable to the general Nigerian population. This may hinder the accuracy of sex estimation and limit the application of pelvic morphometry in clinical anatomy and orthopedic surgery. Several recent studies in Forensic Anthropology have called for the necessity of generating regional skeletal reference data sets to facilitate more reliable and objective biological profile estimations (Franklin & Marks, 2022). Therefore, this study aims to determine the ischiopubic index of an adult Nigerian population in order to analyze its diagnostic potential in determining biological sex for forensic and anatomical applications.

2. material and methods 

A retrospective descriptive cross-sectional study was carried out to determine the ischiopubic index of Nigerian adults using archived anteroposterior pelvic radiographs. The study involved the quantitative morphometric measurements of the pubic and ischial length from printed pelvic radiographic films for the calculation of the ischiopubic index. The pelvic radiographs used for the study were retrieved from the Department of Radiology, University of Port Harcourt Teaching Hospital (UPTH), Port Harcourt, Rivers State, Nigeria.
The study population consisted of archived anteroposterior pelvic radiographs of the adult population with normal pelvic anatomy. Pelvic radiographs of adults with clear anatomical landmarks and age and sex documented were used for the study. One hundred anteroposterior pelvic radiographs of adults aged 18–60 years with normal pelvic anatomy were sampled from the department’s record using a convenience sampling technique. The sample size comprised 50% male and 50% female subjects to establish the difference in the ischiopubic index of the two sexes.
Only anteroposterior pelvic radiographs of Nigerian adults with normal pelvic anatomy and easily identifiable anatomical landmarks were included in the study. Pelvic radiographs with an unclear view, pelvic fracture, malformation, congenital deformities, degenerative conditions, pelvic surgeries, or other conditions that may affect the pelvic anatomy were excluded from the study. Radiographs with clear and well-defined inferior margins of the pubic bones at the pubic symphysis were included in the study.
The data used for the study were retrieved from anteroposterior pelvic radiographs of the adult population stored in the Department of Radiology, University of Port Harcourt Teaching Hospital. The pelvic radiographs used for the study had been de-identified before analysis to ensure the confidentiality of the subjects’ information. The measurements were taken from radiographs that had a clear view and proper positioning of the pelvis.
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Figure 1: Anteroposterior pelvic radiograph. 
A=  The acetabular point, B= pubic tuberosity, C= Ischial tuberosity.

Three anatomical landmarks were identified on the pelvic radiographs, including the acetabular point, pubic tubercle, and ischial tuberosity. The acetabular point is the junction of the ilium, ischium, and pubis, while the pubic and ischial tuberosity are found at the lower anterior and posterior ends of the pelvis respectively. The pubic length was measured from the acetabular point to the pubic tubercle while the ischial length was measured from the acetabular point to the ischial tuberosity. Measurements were made with a digital Vernier caliper. Each distance was measured twice and the average recorded to avoid errors. 
The ischiopubic index (IPI) was calculated using the following formula:
IPI = (Pubic Length ÷ Ischial Length) × 100
The materials used for the study included printed anteroposterior pelvic radiographs, a digital Vernier caliper, an X-ray viewing box, IBM statistical package for the social sciences (SPSS) version 25, and writing materials.
The statistical analysis of data obtained from the measurements was done using Statistical Package for the Social Sciences (SPSS) version 25. The quantitative data were analyzed descriptively to determine the mean, standard deviation, minimum and maximum, and range of each set of data. An independent sample t-test was used to examine the differences in the measurements between the female and male subjects. The test revealed if the difference in the mean of the two groups was statistically significant at a 95% confidence level with an alpha level of 0.05; thus, p < 0.05 was considered statistically significant. A discriminant function analysis was also done to predict biological sex using the ischiopubic index.
3. results and discussion


3.1 RESULTS
This study evaluated the ischiopubic index using pelvic radiographs of 100 subjects (50 males and 50 females) from a Nigerian population to determine its usefulness in sex differentiation. The results presented here address the study objectives.
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Figure 2: Demographic distribution of study samples by sex (males and females)
Table 1: Descriptive statistics of the measured variables in males and females
	Variables
	Males (n=50)
	Females (n=50)

	
	Min.
	Max.
	Mean±SD
	Min.
	Max.
	Mean±SD

	Pubic Length (mm)
	70.78
	92.00
	79.14±5.95
	57.85
	89.89
	76.10±9.21

	Ischial Length (mm)
	74.92
	97.51
	84.08±5.99
	55.91
	85.84
	71.97±9.13

	Ischiopubic Index
	92.48
	97.42
	94.09±0.84
	102.93
	108.97
	105.81±1.28


mm= Millimeter; SD= Standard Deviation; n= Sample Size
Table 2: Independent sample t-test comparison between males and females
	Variables
	t-value
	df
	p-value
	MD
	SED
	95% Confidence Interval
	Inference

	
	
	
	
	
	
	Lower
	Upper
	

	Pubic Length (mm)
	1.96
	98
	.053
	3.04
	1.55
	-.04
	6.11
	NS

	Ischial Length (mm)
	7.84
	98
	<0.001
	12.11
	1.54
	9.04
	15.17
	S

	Ischiopubic Index
	-54.18
	98
	<0.001
	-11.71
	.22
	-12.14
	-11.28
	S


df= Degree of Freedom; MD= Mean Difference; SED= Standard Error Difference; NS= Not Significant; S= Significant; mm= Millimeter
Table 3: Summary of discriminant function analysis for sex estimation using pubic and ischial lengths
	Parameter
	Value

	Predictor variables
	Pubic length, Ischial length

	Discriminant function
	D = −1.802 − 1.333(Pubic Length) + 1.349(Ischial Length)

	Constant
	−1.802

	Unstandardized coefficient (Pubic length)
	−1.333

	Unstandardized coefficient (Ischial length)
	1.349

	Standardized coefficient (Pubic length)
	−10.331

	Standardized coefficient (Ischial length)
	10.411

	Eigenvalue
	38.506

	Canonical correlation
	0.987

	Wilks' Lambda
	0.025

	Chi-square
	356.616

	Degrees of freedom
	2

	p-value
	<0.001

	Male centroid
	6.143

	Female centroid
	−6.143

	Sectioning point
	0.000

	Original classification accuracy
	100.0%

	Cross-validated classification accuracy
	100.0%


Discriminant function analysis using pubic length and ischial length produced one statistically significant discriminant function (Eigenvalue = 38.506, Canonical Correlation = 0.987, Wilks' Lambda = 0.025, χ² = 356.616, df = 2, p < 0.001). The derived discriminant function was:
D = −1.802 − 1.333(Pubic Length) + 1.349(Ischial Length).
Based on the group centroids (male = 6.143; female = −6.143), the sectioning point was 0.000. Individuals with discriminant scores greater than 0.000 were classified as male, whereas those with scores below 0.000 were classified as female. 
Table 4: Comparative table of the Ischiopubic index of some Nigerian populations and other populations of the world 
	Study
	Population/Study Area
	Year
	Male
	Female
	P-value
	Inference

	Present study
	Port Harcourt, Rivers State, Nigeria
	2026
	94.09 ± 0.84
	105.81 ± 1.28
	<0.001
	Significant

	Ekanem et al.
	Cross River State, Nigeria
	2009
	94.20
	117.30
	<0.05
	Significant

	Oladipo et al.
	South–South Nigeria
	2010
	81.40
	104.20
	<0.05
	Significant

	Oladipo et al.
	Middle Belt Nigeria
	2010
	83.10
	101.70
	<0.05
	Significant

	Ekanem et al.
	Lagos State, Nigeria
	2014
	101.05 ± 16.65
	115.99 ± 18.50
	<0.001
	Significant

	Attah et al.
	Maiduguri, North-Eastern Nigeria
	2015
	88.50
	106.80
	<0.05
	Significant

	Oladipo et al.
	Urhobo (Delta State, Nigeria)
	2015
	91.66 ± 5.86
	114.93 ± 18.14
	<0.05
	Significant

	Oladipo et al.
	Itsekiri (Delta State, Nigeria)
	2015
	98.40 ± 9.37
	111.03 ± 18.37
	<0.05
	Significant

	Igbigbi & Msamati
	Black Malawians
	2000
	85.00 ± 15.70
	104.60 ± 15.70
	<0.05
	Significant

	Washburn
	White Americans
	1948
	83.60
	99.50
	<0.05
	Significant

	Hanna & Washburn
	Australian Aborigines
	1953
	76.00
	92.70
	<0.05
	Significant



DISCUSSION
The present study investigated sexual dimorphism of the pelvis using pubic length, ischial length, and the ischiopubic index among adult Nigerians in Port Harcourt, Rivers State. The findings demonstrated that males had a higher mean pubic length (79.14 ± 5.95 mm) than females (76.10 ± 9.21 mm), although the difference did not reach statistical significance (p = 0.053). Conversely, males exhibited a significantly greater mean ischial length (84.08 ± 5.99 mm) than females (71.97 ± 9.13 mm) (p < 0.001). In contrast, females had a significantly higher mean ischiopubic index (105.81 ± 1.28) than males (94.09 ± 0.84) (p < 0.001). These findings indicate that although absolute pubic length alone may not sufficiently distinguish the sexes in this population, the proportional relationship between pubic and ischial lengths, as expressed by the ischiopubic index, remains a highly reliable indicator of biological sex. This observation agrees with the anatomical principle that the female pelvis undergoes adaptive modifications to facilitate childbirth, resulting in relatively longer pubic bones and shorter ischial lengths compared with males, thereby increasing the ischiopubic index (Washburn, 1948; Kurki, 2013; Huseynov et al., 2016).
The finding that pubic length was not significantly different between males and females contrasts with several previous studies that reported significantly longer pubic lengths in females due to obstetric adaptation (Washburn, 1948; Ekanem et al., 2014). However, the present result suggests that pubic length alone may exhibit considerable overlap between the sexes within the Port Harcourt population and should therefore not be relied upon as an isolated parameter for sex estimation. In contrast, ischial length showed marked sexual dimorphism, with males possessing significantly longer ischial lengths than females. This finding is consistent with the greater skeletal robustness and larger pelvic dimensions generally observed in males as a consequence of prolonged skeletal growth, increased muscle mass, and greater mechanical loading. Similar observations have been reported among Nigerian populations by Attah et al. (2015), Ekanem et al. (2014), and Oladipo et al. (2015), as well as in other populations where male pelves consistently demonstrate longer ischial components than female pelves.
A major finding of this study is the highly significant difference in the ischiopubic index between males and females. The male mean of 94.09 ± 0.84 and female mean of 105.81 ± 1.28 clearly demonstrate that females possess proportionally longer pubic lengths relative to their ischial lengths. This finding agrees with studies conducted in Cross River State (Ekanem et al., 2009), Lagos State (Ekanem et al., 2014), Maiduguri (Attah et al., 2015), South–South Nigeria (Oladipo et al., 2010), Middle Belt Nigeria (Oladipo et al., 2010), and among the Urhobo and Itsekiri ethnic groups (Oladipo et al., 2015), all of which reported significantly higher ischiopubic indices in females than in males. Likewise, studies among Black Malawians (Igbigbi & Msamati, 2000), White Americans (Washburn, 1948), and Australian Aborigines (Hanna & Washburn, 1953) reported similar sexually dimorphic patterns. Although the absolute values differed among populations, the direction of sexual dimorphism remained remarkably consistent, indicating that the ischiopubic index is a robust indicator of biological sex. The observed differences in mean values among populations may be attributed to variations in genetic background, ancestry, nutritional status, environmental influences, secular changes, and methodological differences in sample selection and measurement techniques. These findings reinforce the widely accepted recommendation that population-specific reference values should be established for forensic and anthropological applications rather than applying universal standards.
The discriminant function analysis further demonstrated the utility of pubic and ischial lengths for sex estimation. The derived discriminant function, D = −1.802 − 1.333(Pubic Length) + 1.349(Ischial Length), was highly significant (Wilks' Lambda = 0.025, χ² = 356.616, p < 0.001), with a very high eigenvalue (38.506) and canonical correlation (0.987), indicating excellent separation between the sexes. Furthermore, the discriminant model achieved 100.0% classification accuracy for both the original and cross-validated datasets. These results suggest that the combined use of pubic and ischial lengths provides a highly effective model for biological sex estimation within the study population. The standardized coefficients also indicate that both variables contributed substantially to the discriminant function, with ischial length showing a slightly greater contribution than pubic length. Although this level of classification accuracy is considerably higher than that reported in many previous osteometric studies, it highlights the strong discriminatory capacity of these pelvic measurements in the present sample. Nevertheless, the exceptional classification accuracy should be interpreted cautiously because discriminant functions often perform best within the population from which they are derived, and independent external validation is necessary before routine forensic application.

4. Conclusion

The present study demonstrated that the ischiopubic index is a reliable morphometric parameter for biological sex estimation among adult Nigerians in Port Harcourt, Rivers State. Although pubic length alone did not differ significantly between males and females, ischial length exhibited significant sexual dimorphism, with males possessing significantly longer ischial lengths than females. Consequently, females had a significantly higher ischiopubic index than males, confirming that the proportional relationship between pubic and ischial lengths is a dependable indicator of sex. Furthermore, discriminant function analysis showed that the combination of pubic and ischial lengths provided excellent discriminatory power, producing a statistically significant model with a classification accuracy of 100% in both the original and cross-validated datasets. These findings underscore the forensic and anthropological value of pelvic morphometry and provide population-specific reference data that may assist in biological sex estimation, medicolegal investigations, and clinical anatomical practice
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