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Predictive Modeling of Stature from Arm Length, Shoulder Breadth, and Foot Length among the Yoruba Ethnic Group in Nigeria


Abstract
Background: In the fields of bioarchaeology, forensic science, and physical anthropology, stature estimation is essential. It entails using quantifiable body factors to estimate or anticipate a person's height.
Aim: This study aims to investigate whether arm length, shoulder breadth, and foot length can be used to predict stature among the indigenous Yoruba people in Ibadan, Oyo State, Nigeria.
Method: The study employed a descriptive cross-sectional design; including 300 subjects (150 males and 150 females) aged 18 to 35 years. The anthropometric characteristics were measured using a mega-size calliper. The data were analysed using an IBM version of the Statistical Package for the Social Sciences (SPSS, version 23). Linear regression was employed to estimate gender and stature. A probability less than 0.05 (p<0.05) was considered statistically significant, with a 95% confidence level.
Result: A strong positive correlation existed in all subjects between stature, arm length, shoulder breadth, and foot length (R = 0.78, SEE = 4.968). The stature predictive power of males (R = 0.65) and females (R =0.73). Significant sexual dimorphism was noted in all parameters.    
Conclusion: This shows a strong positive correlation between the subjects. These findings will be useful in forensic sciences, anthropology, medical sciences, and bioarchaeology. 
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1.0 INTRODUCTION 
Estimating stature from body measurements is a vital part of forensic anthropology, ergonomics, and clinical assessment, providing essential information when complete skeletal remains or full measurements of living individuals are unavailable [1,2,3]. Among various anthropometric parameters, arm length, shoulder breadth, and foot length have been shown to have strong correlations with stature, making them dependable predictors in population-specific studies. The Yoruba population of Nigeria, one of the largest ethnic groups in West Africa, exhibits distinct anthropometric features shaped by genetic, environmental, and nutritional factors [4,5]. Creating regression models based on these measurements for the Yoruba population is crucial, as stature estimation formulas differ across ethnic groups due to morphological diversity. Such data are important for forensic identification, disaster victim recovery, and applications in health assessments, clothing sizing, and ergonomic design tailored to local populations [6,7]. This research aims to develop predictive equations for estimating stature using arm length, shoulder breadth, and foot length among the Yoruba, thereby enriching the existing anthropometric reference standards in Nigeria.
2.0 	MATERIALS AND METHODS 
2.1 Study Design 
In Oyo State, Nigeria, the anthropometric parameters of the Yoruba indigenous people were assessed through a cross-sectional descriptive research approach. The population involved 300 individuals, with 150 males and 150 females, aged 18 to 35. The study was conducted in Ibadan, Oyo State, using a multi-stage random proportionate sampling technique to select the participants.
2.2 Selection Criteria 
Inclusion Criteria
Participants in this study comprised those whose parents and grandparents are from the Yoruba indigenous. Furthermore, only individuals between the ages of 18 and 35 who had never undergone body surgery were selected.
Exclusion Criteria
Individuals with damage or abnormalities in hand morphology or stature were eliminated from the study.

2.2.1 Anthropometric landmarks 
The study used some anthropometric variable measures (stature, arm span and foot length), and these variables are defined as follows; 
2.2.2. Stature
To measure this, the Goodcare ZT-160 stadiometer was employed. With their heels, buttocks, shoulder blades, and back of their heads touching the bar, the subject stood erect and barefoot on the stadiometer's level platform. They told the individuals to relax and keep their arms by their sides. Care was taken to keep it from sagging [18].
2.2.3. Arm length
 This is measured from the lateral tip of the acromion to the distal end of the arm (lateral and medial epicondyles) [18].
2.3.4. Shoulder breadth 
Shoulder breadth was measured as the horizontal distance between the left and right acromial processes of the shoulders [26].
2.2.5. Foot length
This measurement is taken from the point of the heel's most prominent part to the furthest part of the longest toe [18].
2.3. Method of Data Collection 
A semi-constructive descriptive questionnaire and a personal interview were utilised to collect socio-demographic information from Yoruba indigenous peoples in Oyo State, Nigeria. This ensured that the subjects that met the inclusion criteria could participate in the study. A mega-sized calliper was used to measure arm length, shoulder breadth, and foot length using anatomical landmarks. The authors recorded and stored the data readings.
2.4 Method of Data Analysis 
The International Business Machines version of the Statistical Package for the Social Sciences (SPSS, version 23) was used to statistically analyze the obtained data. The data were displayed in a table as mean ± standard deviation. The t-test employed an inferential statistic to evaluate sexual differences. A stature model was estimated using linear regression analysis based on the measured factors.
 3.0 	RESULT & DISCUSSION

Table 1 showed that the average stature was 170.27±7.91 cm, arm length was 34.39±4.35 cm, shoulder breadth was 39.58±3.94 cm, and foot length was 25.03±1.70 cm. Table 2 displayed sexual variations in stature, arm length, shoulder breadth, and foot length. Table 3 showed linear regression model for the stature of all participants (R = 0.78), males (R = 0.65), and females (R = 0.73) is displayed in the table, demonstrating a significant positive association within the population.
The present study investigated the relationship between stature and selected anthropometric parameters among the Yoruba population in Ibadan, Oyo State, Nigeria. The findings revealed clear sexual dimorphism in all measured body dimensions, as males recorded higher mean values than females in stature, arm length, shoulder breadth, and foot length. Specifically, males had a mean stature of 174.92±6.53 cm, arm length of 35.72±4.74 cm, shoulder breadth of 41.82±2.58 cm, and foot length of 26.07±1.57 cm, whereas females had a mean stature of 165.61±6.26 cm, arm length of 33.05±3.58 cm, shoulder breadth of 37.34±3.78 cm, and foot length of 24.03±1.56 cm. These findings suggest that males possess relatively larger body dimensions compared to females within the same population group.
The observed differences between males and females can largely be explained by biological and hormonal factors that influence growth and skeletal development [8]. During puberty, males experience increased secretion of testosterone, which stimulates bone elongation, muscle growth, and expansion of the skeletal framework. This contributes to broader shoulders, longer limbs, and greater overall body height in males. In contrast, females are more influenced by estrogen, which promotes fat deposition and regulates skeletal maturation differently, often resulting in relatively smaller body dimensions. Genetic inheritance also contributes significantly to body size and shape, as inherited traits determine skeletal proportions and growth patterns within families and ethnic groups [11, 12, and 13].
Beyond hormonal influences, environmental and nutritional factors may also contribute to these variations. Adequate nutrition during childhood and adolescence supports healthy bone growth and physical development. Males may also engage more frequently in physically demanding activities, which can influence muscle development and body build over time [14]. Furthermore, evolutionary adaptations associated with strength, mobility, and reproductive functions may partly explain why males generally develop larger body proportions than females across many populations worldwide [15].
The significant differences observed in this study are consistent with previous anthropometric studies conducted in Nigeria and other parts of the world. Similar findings were reported by Amadi et al. [16], Fawehinmi et al. [18], and Oghenemavwe et al. [19], who observed greater body dimensions among males compared to females in different Nigerian ethnic populations. Studies by Hsieh et al. [20] and Koşar et al. [21] also documented statistically significant sex differences in stature-related measurements. The consistency of these findings across different populations strengthens the evidence that sexual dimorphism is an important consideration in anthropometric and forensic investigations.
However, the findings of this study differ from the report of Dorjee et al. [22], who found no statistically significant differences between males and females. This discrepancy may be due to variations in ethnicity, geographical location, environmental exposure, nutritional status, and sample characteristics. Anthropometric parameters are known to vary among populations because of differences in genetics, culture, climate, and lifestyle. Therefore, prediction models developed for one population may not always be directly applicable to another population. This highlights the importance of developing population-specific standards for anthropometric studies and forensic identification.
Another important finding of this study was the strong positive correlation observed between stature and the selected body parameters among the Yoruba population, with a correlation coefficient of R = 0.78 and a standard error of estimate (SEE) of 4.968. This suggests that arm length, shoulder breadth, and foot length are reliable predictors of stature within this population. The strong relationship observed may be attributed to the coordinated growth pattern of the human body, where long bones and skeletal structures develop proportionately with overall body height.
Among the measured variables, arm length demonstrated a particularly important relationship with stature. Anatomically, the upper limbs consist of long bones such as the humerus, radius, and ulna, which undergo linear growth during development. Since stature itself depends largely on skeletal growth, it is expected that arm length would correlate strongly with height. Similarly, foot length contributes to body balance and locomotion, and previous studies have shown that taller individuals often possess larger feet to support body weight effectively. Shoulder breadth also reflects skeletal frame size and muscular development, both of which are associated with body stature.
The strong correlation observed in this study agrees with earlier reports by Fawehinmi et al. [18] among the Hausa population, as well as studies by Oghenemavwe et al. [23] among northern Nigerians and the Igbo ethnic group. The similarity in findings across different ethnic populations within Nigeria suggests that anthropometric measurements can serve as useful tools for stature estimation in forensic anthropology, anatomy, and clinical practice. In situations where complete bodies are unavailable, such as natural disasters, accidents, or criminal investigations, body parts like the arm or foot can help estimate an individual’s stature with reasonable accuracy.
Interestingly, the present study found that stature prediction was more accurate in females (R = 0.73, SEE = 4.307) than in males (R = 0.65, SEE = 5.021). This indicates that arm length, shoulder breadth, and foot length provide a better prediction of height among females compared to males. One possible explanation for this finding is that females may exhibit more proportional relationships between body parts and stature, while males often show greater variability in muscle mass and body build. Males generally have broader skeletal frames and more muscular development, which may introduce greater variation in anthropometric measurements and slightly reduce prediction accuracy.
Differences in fat distribution and body composition may also contribute to this variation [17]. Females tend to have relatively stable body proportions, whereas males may experience more pronounced changes associated with physical activity, occupational stress, and muscle hypertrophy. Consequently, stature estimation models may perform differently between sexes, emphasizing the importance of sex-specific regression equations in anthropometric studies.
The findings of this study are in agreement with previous investigations by Fawehinmi et al. [18], Asiwe et al. [24], Mulu and Sisay [25], and Oghenemavwe et al. [23], all of whom reported better predictive accuracy in females than males. These similarities reinforce the reliability of anthropometric measurements in stature estimation and support their application in forensic science and human identification.
Overall, this study contributes valuable baseline data on anthropometric relationships among the Yoruba population in Ibadan, Oyo State. The results demonstrate that stature can be reasonably estimated from arm length, shoulder breadth, and foot length, with significant differences existing between males and females. The study also emphasizes the importance of considering sex and ethnicity when developing predictive models for stature estimation. These findings may be useful in forensic anthropology, anatomy, ergonomics, and clinical practice, particularly in cases involving incomplete human remains or where direct measurement of stature is not possible.
5. CONCLUSION 
This study assesses stature estimation from arm length, shoulder breadth and foot length of the indigenous people of Yoruba in Ibadan, Oyo State, Nigeria. This shows a strong positive correlation between the subjects. These findings will be useful in forensic sciences, anthropology, medical sciences and bioarchaeology. 
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Table 1. Descriptive Statistics of the Subjects
	Parameter 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	stature
	300
	150.00
	190.00
	170.2653
	7.90840

	arm length
	300
	21.00
	85.00
	34.3880
	4.35023

	shoulder breadth
	300
	28.00
	48.00
	39.5833
	3.93460

	foot length
	300
	21.00
	36.50
	25.0290
	1.70276



Table 2. Sexual Differences of the Subjects
	Parameters 
	Male 
	Female 
	T-test   
	P-value
	Inference

	[bookmark: _Hlk188111650]S (cm)
	174.92±6.53
	165.61±6.26
	12.60
	0.000
	S 

	AL (cm)
	35.72±4.74
	33.05±3.58
	5.58
	0.000
	S

	SB (cm)
	41.82±2.58
	37.34±3.78
	11.98
	0.000
	S

	FT (cm)
	26.07±1.57
	24.03±1.56
	12.53
	0.000
	S


S=Stature, AL= Arm Length, SB = Shoulder Breadth, FL= Foot Length

[bookmark: _Hlk195004421]Table 3. Linear Regression Model for the Stature of All Subjects 
	Subjects 
	Regression formula
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Sig. F Change

	All
	S=76.877+(AL)0.353+(SB)0.227+(FL)2.887
	0.78
	0.609
	0.605
	4.968
	0.000*

	Males
	S=88.286+(AL)0.293+(SB)0.638+(FL)1.901
	0.65
	0.421
	0.409
	5.021
	0.000*

	Females
	S=73.708+(AL)0.367+(SB)-0.210+(FL)0.3646
	0.73
	0.536
	0.527
	4.307
	0.000*


S=Stature, AS= Arm Span, FL= Foot Length, *= Significant
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