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FORMULATION OF REGRESSION MODELS FOR STATURE ESTIMATION USING SELECTED ANTHROPOMETRIC VARIABLES

Abstract 
Background: Stature is a vital anthropometric parameter in forensic science, anthropology, and medical practice. In situations where complete body remains are unavailable, reliable regression models using alternative body measurements are essential for stature estimation.
Objective: This study aimed to develop regression models for estimating stature using selected anthropometric variables, elbow height (EH), buttock-knee length (BKL), and buttock-popliteal length (BPL), in a Nigerian population.
Methods: A cross-sectional study was conducted on [insert sample size] adult participants. Standard anthropometric procedures were employed to measure stature, EH, BKL, and BPL. Data were analyzed using descriptive statistics, independent t-tests, and linear regression. Multicollinearity was assessed using the variance inflation factor (VIF), and model accuracy was evaluated with the standard error of estimate (SEE).	Comment by Dr. Prashasti Atre: ?????
Results: The mean stature was 169.96 ± 8.02 cm, mean EH was 20.99 ± 2.56 cm, mean BKL was 58.53 ± 3.51 cm, and mean BPL was 49.04 ± 3.27 cm. Regression analyses revealed that BKL and BPL were significant predictors of stature (p < 0.05), while EH showed no significant association. The formulated regression models demonstrated good predictive accuracy (SEE < 1, VIF < 2). Sex-specific analyses showed slightly higher predictive accuracy among females (r = 0.61, SEE = 5.159) compared to males (r = 0.56, SEE = 5.846). The overall regression model yielded a moderate correlation coefficient (r = 0.61) with an SEE of 6.411.
Conclusion: BKL and BPL are reliable predictors of stature in this Nigerian population, whereas EH is less useful. The regression models developed provide a population-specific tool for stature estimation, with practical applications in forensic identification, medical evaluation, and ergonomic design. Future studies with larger sample sizes and additional anthropometric parameters are recommended to enhance predictive accuracy.
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1.0 INTRODUCTION 
Stature, or body height, is one of the most important anthropometric parameters in human biology, physical anthropology, and forensic science [1, 2, 3]. It is a fundamental characteristic used for the identification of individuals, assessment of nutritional status, growth monitoring, and ergonomic design. In forensic investigations, estimation of stature becomes particularly relevant when only fragmentary remains, such as bones or body parts, are available for analysis [4]. Establishing reliable regression models for stature estimation has therefore become a central focus in forensic anthropology and related disciplines.
 The relationships between these body parameters and stature are influenced by factors such as age, sex, ethnicity, and environmental conditions. For instance, while arm span has been reported to show a high correlation with height in many populations, the predictive accuracy may vary across ethnic groups due to genetic and nutritional differences [5,6]. This underscores the need for population-specific regression models that can provide accurate stature estimates within defined groups.
Furthermore, a study by Fawehinmi et al., [7] noted that anthropometric parameters are reliable predictors of stature among the Yoruba ethnic group in Nigeria. Additionally, Irozulike et al. [8] observed that sitting height, sitting eye height, elbow height, sitting popliteal height, and sitting hip height are effective predictors of stature among the Igbo population in Nigeria. Yeasmin et al., [9] researched stature and sex estimation using shoulder breadth, shoulder height, popliteal height, and knee height measurements in a Bangladeshi population, and the study found a strong correlation between stature and all parameters except for shoulder breadth. Research conducted within the Igbo ethnic group by Fawehinmi et al., [10] on stature and sex estimation using various linear anthropometric parameters was also found to be a good predictor of stature. 
 Therefore, the present study aims to develop regression models for estimating stature using selected anthropometric variables. By analysing the strength of correlation between stature and body parameters such as elbow height, buttock knee length, and buttock popliteal length, the study aims to provide a scientific basis for accurate and practical prediction of height in the studied population. This will contribute to the growing body of knowledge in forensic and applied anthropology while addressing a critical gap in population-specific anthropometric research in Nigeria.
2.	MATERIALS AND METHODS 
2.1 Study Design 
This study adopted a cross-sectional descriptive research approach. A total of 120 males and 120 females (240) between the ages of 18 and 40 were recruited for this study in Ibadan, the Southern part of Nigeria. The study was conducted at Lead City University, Ibadan, Nigeria. Moreover, the subjects were selected using a multi-stage random proportionate sampling approach. 
2.2 Selection Criteria 
Inclusion Criteria 
Only subjects without a medical history or accidents that have impacted their stature, as well as those whose parents and grandparents were of Yoruba heritage, were included in the study. Those between the ages of 18 and 40 who consented were also included in the study.
Exclusion Criteria 
Those who did meet the inclusion criteria were excluded from this research. Anthropometric parameter measures are defined as follows; 	Comment by Dr. Prashasti Atre: Correct this 
2.2.1 Stature
To measure this, the Goodcare ZT-160 stadiometer was employed. On the stadiometer's level platform, the participants stood erect and barefoot, touching the bar with their backs of their heads, heels, buttocks, and shoulder blades. Participants were advised to relax by keeping their arms at their sides.
2.2.2 Elbow Height
When the elbow is in 900 degrees of flexion, the vertical distance between the bottom of the elbow tip (olecranon) and the sitting surface is measured. With their thighs fully supported and their lower legs drooping, the individual is sitting upright. Their attire is modest. The upper arms easily swing downward, and the forearms are horizontal. The measurement was taken with a Mega-size calliper.	Comment by Dr. Prashasti Atre: Correction 	Comment by Dr. Prashasti Atre: metric prefix with a base unit  ?????? 
2.2.3 Buttock Knee Length
The subject sits erect with their thighs parallel to the floor and knees bent at a 900 angle. A buttock plate is positioned at the most posterior point of the buttock, and a mega-size calliper was used to measure the horizontal distance from the plate to the anterior (front) point of the knee cap.  
2.2.4 Buttock Popliteal Length
The subject sits upright with their knees at a 900 angle and feet flat on the floor. Then, using a buttock plate and a mega-size calliper, measure the horizontal distance from the most posterior point of the buttocks to the back of the knee's popliteal angle. 
2.3 Method of Data Collection 
This study used a semi-structured descriptive questionnaire and in-person interviews to collect sociodemographic data from the indigenous people of Ibadan.   To participate in the study, the participants' health and adherence to the inclusion criteria were ensured.   Buttock knee length, buttock popliteal length, and elbow height were measured with a manufactured anthropometric chair and a mega-size calliper.   When the subject stood upright, a ZT-160 Goodcare stadiometer was used to measure their height from the top of their head to the soles.   The authors took the data readings and saved them.
2.4 Method of Data Analysis 
The data was analyzed using IBM version 23 of the International Business Machine for the Statistical Package for Social Sciences (SPSS).  The table presented the findings as mean ± standard deviation.  The t-test was used as an inferential statistic to evaluate sexual differences.  Linear regression was used to estimate the stature model.  A probability of less than 0.05 (p<0.05) was determined to be statistically significant.
3.0	RESULTS
According to Table 1, the average stature was 169. 96 ± 8.02 cm, the elbow height was 20. 99 ± 2.56 cm, the buttock-knee length was 58. 53 ± 3.51 cm, and the buttock- popliteal length was 49. 04 ± 3.27 cm. Table 2 indicates that, except for elbow height, which did not show any significant variations, there were significant differences among the parameters in terms of stature, buttock-knee length, and buttock-popliteal length. The linear regression model for estimating stature for all subjects using elbow height, buttock-knee length, and buttock-popliteal length is presented in Table 3. The results are statistically significant for all parameters except elbow height, which did not demonstrate any significant difference. The parameters (EH, BKL, and BPL) are good predictors for stature (VIF<2), according to the collinearity statistics (VIF), a concept that describes when predictor variables in a regression model are correlated with one another. The accuracy of the prediction is shown by the standard error of estimation (SEE) (SEE< 1). The linear regression model for estimating stature in male subjects is shown in Table 4. It indicates a strong, significant correlation (p< 0. 05) for estimating stature in males and high prediction accuracy across all parameters (SEE<1), except elbow height, which did not show any significant difference. Furthermore, the collinearity of the parameters suggests that they are good predictors of stature (VIF<2). Table 5 demonstrates that the overall prediction was significant (p< 0.05), and the parameters for stature estimation were highly accurate (SEE<1) among females, similar to the findings for males. However, it has been shown that the parameters are good predictors of stature (VIF<2) due to their collinearity with the stature. With a correlation coefficient of 0.61 and a standard error of the estimate of 6.411, Table 6 summarizes the linear regression model for the subjects’ stature estimates, demonstrating the model's strong predictive accuracy. For males, the correlation coefficient is 0.56 with a standard error of 5. 846, and for females, it is 0.61 with a standard error of 5. 159 The comparison indicates that gender better predicts stature.

Table 1.  Descriptive Statistics of the Subjects 
	Parameter 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	stature
	240
	150.70
	190.30
	169.9567
	8.01604

	elbow height
	240
	12.00
	28.00
	20.9908
	2.55944

	 buttock knee length
	240
	36.50
	69.00
	58.5342
	3.51494

	buttock popliteal length
	240
	39.60
	58.00
	49.0350
	3.24659




Table 2. Gender Differences Among the Subjects 
	Parameter
	Male
	Female 
	T-test
	p-value
	Inference 

	Stature (cm)
	174.35±6.96
	165.57±6.45
	10.131
	0.000
	S

	Elbow Height (cm)
	21.26±2.6
	20.72±2.52
	1.645
	0.101
	NS

	Buttock Knee Length (cm)
	59.44±2.87
	57.63±3.86
	4.136
	0.000
	S

	Buttock Popliteal Length (cm)
	49.77±2.99
	48.29±3.33
	3.615
	0.000
	S


S= Significant, NS= Not Significant



Table 3. Linear Regression Model for Stature Estimation for all the Subjects
	
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	Model 
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	 (Constant)
	75.597
	8.286
	
	9.123
	.000*
	
	

	 EH (cm)
	.389
	.162
	.124
	2.403
	.017#
	1.000
	1.000

	 BKL (cm)
	.778
	.141
	.341
	5.538
	.000*
	.704
	1.420

	 BPL (cm)
	.828
	.152
	.336
	5.443
	.000*
	.705
	1.419


EH= Elbow Height, BKL= Buttock Knee Length, BPL= Buttock Popliteal Length, *= Significant, # = Not Significant

Table 4. Linear Regression Model for Stature Estimation for the Male Subjects
	
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	Model 
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	 (Constant)
	85.892
	12.359
	
	6.950
	.000*
	
	

	 EH (cm)
	.404
	.213
	.150
	1.892
	.061#
	.947
	1.056

	 BKL (cm)
	1.297
	.272
	.534
	4.776
	.000*
	.474
	2.109

	 BPL (cm)
	.056
	.260
	.024
	.216
	.829*
	.474
	2.111


EH= Elbow Height, BKL= Buttock Knee Length, BPL= Buttock Popliteal Length, *= Significant, # = Not Significant

Table 5. Linear Regression Model for Stature Estimation for the Female Subjects
	
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	Model 
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	 (Constant)
	91.603
	9.537
	
	9.605
	.000*
	
	

	 EH (cm)
	.270
	.190
	.105
	1.424
	.157#
	.980
	1.020

	 BKL (cm)
	.414
	.133
	.248
	3.108
	.002*
	.846
	1.182

	 BPL (cm)
	.922
	.156
	.476
	5.920
	.000*
	.832
	1.203


EH= Elbow Height, BKL= Buttock Knee Length, BPL= Buttock Popliteal Length, *= Significant, # = Not Significant

[bookmark: _Hlk209696487]Table 6. Linear Regression Model for the Stature Estimation 
	



Subjects 
	 



Regression Equation Model
	



R 
	


R Square 
	

Adjusted
  R Square 
	
Std. Error of the Estimate
	


Sig. F Change

	All 
	S=75.59+(EH)0.389+(BKL)0.778+(BPL)0.828
	0.607
	0.368
	0.360
	6.41136
	0.00*

	Male
	S=85.89+(EH)0.404+(BKL)1.297+(BPL)0.056
	0.560
	0.313
	0.295
	5.84613
	0.00*

	female
	S=91.60(EH)0.27+(BKL)0.414+(BPL) 0.922
	0.614
	0.377
	0.361
	5.15943
	0.00*


S=Stature, EH= Elbow Height, BKL = Buttock Knee Length, BPL= Buttock Popliteal Length, * = Significant

4.0	 DISCUSSION
The present study investigated the relationship between selected anthropometric parameters, elbow height, buttock-knee length, and buttock-popliteal length to develop regression models for stature estimation. The findings revealed a mean stature of 169.96 ± 8.02 cm, a mean elbow height of 20.99 ± 2.56 cm, a buttock-knee length of 58.53 ± 3.51 cm, and a buttock-popliteal length of 49.04 ± 3.27 cm. These values are comparable to previous studies conducted among Nigerian and other African populations, indicating the reliability of the sample as representative of adult anthropometric standards [11, 12, 13].
The analysis revealed significant differences in stature, buttock-knee length, and buttock-popliteal length, whereas elbow height did not exhibit a statistically significant relationship. This suggests that lower limb parameters contribute more strongly to the estimation of stature compared to upper limb dimensions. The result aligns with earlier research, which highlighted the predictive strength of leg dimensions in stature estimation across diverse populations [14, 15, 16, 17]. The regression models developed from this study confirmed that buttock-knee length and buttock-popliteal length are reliable predictors of stature, whereas elbow height demonstrated no significant association. This pattern can be explained by the fact that lower-limb lengths contribute more directly to vertical height, whereas the EH, influenced by variations in trunk and posture, may be less consistent in its predictive value [18, 19]. Importantly, the variance inflation factor (VIF < 2) demonstrated the absence of multicollinearity among the predictor variables, whereas the standard error of estimation (SEE < 1) confirmed the accuracy and stability of the predictive models.
Sex-stratified regression analysis further demonstrated significant prediction accuracy for both males and females (p < 0.05). However, elbow height again proved insignificant in both groups. The comparison revealed that the predictive strength of the models was slightly higher in females (r = 0.61, SEE = 5.516) than in males (r = 0.56, SEE = 5.846). This difference may be attributed to sexual dimorphism in body proportions, with females often exhibiting more proportional consistency in limb-to-stature relationships compared to males, whose anthropometry may be more affected by genetic and environmental variability [20]. Compared to previous research, Jervas et al., [21] observed higher predictive accuracy in males than in females when using lower limb measurements, attributing this to greater linearity in male growth patterns. Ahmed, [23] reported that the lower limb dimensions are significantly greater in males than in females. More consistent with the present findings, Elnady et al., [22], studying Egyptians, observed slightly higher predictive strength in females than in males when lower limb dimensions were employed. 
The pooled regression model produced a correlation coefficient of 0.61 and a standard error of estimate of 6.411, indicating moderate yet reliable predictive accuracy. However, these results are consistent with previous research by Fawehinmi et al., [7], Yeasmin et al., [9], Irozulike et al., [8], and Fawehinmi et al., [10]. Although gender-specific models showed slightly improved prediction, the general model remains useful in forensic and anthropological contexts where sex may not be immediately identified. These findings emphasise the forensic and medico-legal value of regression models based on lower limb anthropometry in stature reconstruction, particularly in cases of incomplete or fragmented remains.
5.0 	CONCLUSION 
This study established that buttock-knee length and buttock-popliteal length are strong and consistent predictors of stature, whereas elbow height showed limited predictive value. The regression models developed demonstrated high accuracy and stability, with low collinearity and standard error of estimation. Although females showed slightly higher predictive accuracy compared to males, the models are generally applicable across both sexes. The results reaffirm the importance of lower limb anthropometry in forensic investigations, disaster victim identification, and anthropological studies. Future research should expand to larger and more diverse populations to further validate these findings and enhance the generalizability of the regression models.
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