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Abstract 
Background: Stature is an essential anthropometric parameter required in clinical practice, nutrition assessment, ergonomics, and forensic identification. When direct height measurement is not possible, alternative body measurements such as upper limb dimensions can provide reliable estimates. 
Aim: This study aimed to determine the relationship between selected upper-limb anthropometric variables and stature and to develop regression models for stature estimation among undergraduate students.
Methods: A cross-sectional study was conducted among 114 healthy undergraduate students (64 males and 50 females). Anthropometric parameters measured included standing height, arm span, shoulder breadth, arm length, forearm-hand length, and hand length. Measurements were taken following standard Anthropometric procedures. Data were analyzed using SPSS (version 26). Descriptive statistics, independent t-tests, and simple and multiple linear regressions were used, with statistical significance set at p < 0.05.
Results: The mean stature of the participants was 170.76 ± 9.66 cm, while the mean arm span was 180.31 ± 10.94 cm. Significant gender differences were observed in all anthropometric variables (p < 0.001), with males exhibiting higher mean values in most measurements. Arm span showed the strongest correlation with stature (R = 0.64; R² = 0.415), followed by hand length (R = 0.59; R² = 0.350). Shoulder breadth (R² = 0.103), arm length (R² = 0.081), and forearm-hand length (R² = 0.061) were weaker predictors. The multivariate regression model combining all variables explained 50.9% of the total variation in stature (R = 0.71; R² = 0.509).
Conclusion: Arm span is the most reliable single predictor of stature among the studied population, followed by hand length. The combined regression model provides a moderately accurate tool for height estimation in situations where direct measurement is not feasible. These findings support the development of population-specific anthropometric equations for forensic, clinical, and anthropological applications.
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1.0 INTRODUCTION
Stature is a key body measurement that plays an essential role in many fields, including clinical practice, ergonomics, nutrition, sports science, and forensic investigations [1,2,3]. It offers valuable insight into a person’s growth, general health, and physical development. However, there are many situations in which measuring height directly is difficult or impossible, for example, in bedridden patients, individuals with limb deformities or amputations, or in forensic cases where only partial remains are available [4]. In such cases, other body measurements become important tools for estimating height reliably. This challenge has encouraged researchers to explore the usefulness of different anthropometric dimensions in predicting stature.
Upper limb measurements such as arm span, arm length, shoulder breadth, forearm–hand length, and hand length have gained attention because they are simple to obtain, follow predictable growth patterns, and remain relatively stable in adulthood. Among these, arm span is often considered the most accurate substitute for height due to its strong anatomical relationship with overall body length across various populations [5]. Other measurements, particularly hand dimensions and forearm, hand length, have also shown meaningful correlations with stature and are increasingly useful in forensic and anthropological assessments [6,7].
Nonetheless, the relationship between body measurements and height is not the same everywhere. Factors such as ethnicity, geography, nutrition, and environmental conditions can influence body proportions [8]. This means that prediction models developed for one population may not necessarily apply to another. In Nigeria, where there is a significant ethnic diversity, many existing anthropometric standards are borrowed from other countries and may not accurately reflect local body proportions [9]. This underscores the need for population-specific research, especially among young adults.
Given this background, the present study aims to estimate stature using selected upper-limb measurements among undergraduate students. By developing regression models tailored to this population, the study seeks to provide practical and more accurate tools that can support healthcare delivery, forensic casework, and anthropometric profiling in Nigeria and similar contexts.
2.0 Materials and Methods
Study Design
This study employed a cross-sectional descriptive design to determine the relationship between selected upper-limb anthropometric variables and stature among undergraduate students of the University of Port Harcourt. The design was appropriate for obtaining baseline anthropometric data and developing predictive regression models for stature estimation.
Study Area
The study was conducted among undergraduate students at the University of Port Harcourt, Nigeria. Measurements were taken in well-lit laboratory and classroom environments that allowed for accurate anthropometric assessment. 
Study Population
The study population consisted of apparently healthy male and female undergraduate students aged between 16 and 30 years. A total of 64 males and 50 females (110) were recruited for this study in Participants with normal physical development and without musculoskeletal deformities were included to ensure accurate stature measurement.
Inclusion Criteria
· Undergraduate students aged 16–30 years
· Apparently healthy individuals without limb deformities
· Participants who gave informed consent
· Individuals with no history of fractures of the upper limb or spine

Exclusion Criteria
· Students with physical disabilities or skeletal deformities
· Individuals with a history of limb fractures
· Pregnant females (due to possible postural and weight shifts)
· Those unwilling to participate
Sample Size and Sampling Technique
A total of 114 students (64 males and 50 females) were randomly selected using a simple random sampling technique. This method ensured that each eligible participant had an equal chance of being included, thereby reducing the likelihood of selection bias.
Anthropometric Measurements
Anthropometric measurements were conducted following:
All measurements were taken three times, and the average value was recorded to minimize measurement error. Instruments were calibrated before use.
1. Stature (Standing Height)
Measured using a stadiometer with participants standing erect, barefoot, heels together, and head in the Frankfurt plane. Measurements were recorded to the nearest 0.1 cm.
2. Arm Span
Measured from the tip of the middle finger of one hand to the tip of the middle finger of the other hand with arms fully extended horizontally at shoulder level.
3. Shoulder Breadth
Measured as the biacromial breadth using a spreading calliper, taken between the lateral edges of the acromion processes.
4. Arm Length
Measured from the acromion process to the tip of the styloid process of the ulna with the arm relaxed by the side.
5. Forearm-Hand Length
Measured from the olecranon process to the tip of the middle finger.
6. Hand Length
Measured from the midpoint of the distal wrist crease to the tip of the middle finger using a measuring tape.
2.3 Method of Data Collection 
This study employed a semi-structured descriptive questionnaire and in-person interviews to collect sociodemographic data from undergraduate students at the University of Port Harcourt, Nigeria.   To participate in the study, the participants' health and adherence to the inclusion criteria were ensured. Stature, arm span, shoulder breadth, arm length, forearm-hand length and hand length were measured with a ZT-160 Goodcare stadiometer, measuring tape, spreading calliper, anthropometric board, digital weighing scale and data recording sheets.   The authors took the data readings and saved them.


2.4 Method of Data Analysis 
The data was analyzed using IBM version 26 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
The descriptive statistics provide an overview of the anthropometric characteristics of the participants. The mean standing height was 170.76 ± 9.65 cm, while the mean arm span was 180.31 ± 10.94 cm, indicating that arm span was generally larger than height among the study population.  Other measurements, such as shoulder breadth (42.33 ± 4.24 cm), arm length (34.75 ± 2.52 cm), forearm-hand length (47.69 ± 3.26 cm), and hand length (18.97 ± 1.32 cm), fall within the expected adult range and demonstrate normal variation within the study population (Table 1). Table 2 shows the sexual dimorphism, where the results show statistically significant gender differences (p < .001) in all anthropometric variables. Table 3 shows the multivariate model: S = 58.88 + 0.440(AS) + 0.189(SB) – 0.056(AL) – 0.371(FHL) + 2.327(HL). It shows that R = 0.71, indicating a strong correlation, R² = 0.509, meaning 50.9% of the variation in stature is explained by the combined predictors. Also, arm span indicates a good correlation. (R = 0.64), followed by the hand length with R = 0.59 
Table 1: Descriptive Statistics of Anthropometric Variables	
	Variable 
	Minimum
	Maximum
	Mean
	Std. Deviation

	Standing Height
	150.00
	193.00
	170.7632
	9.65562

	Arm Span
	159.00
	199.00
	180.3053
	10.94037

	Shoulder Breadth
	32.00
	49.70
	42.3316
	4.24060

	Arm Length
	30.00
	39.00
	34.7500
	2.51773

	Forearm-hand Length
	40.00
	58.00
	47.6947
	3.26439

	Hand Length
	17.00
	21.30
	18.9702
	1.31808



Table 2: Gender Differences Among the Subjects 
	
Variable 
	sex
	N
	Mean
	Std. Deviation
	Std. Error Mean
	
 p-value
	
 Inference 

	Standing Height
	male
	64
	175.0625
	7.77894
	.97237
	 0.000
	 S

	
	female
	50
	165.2600
	9.06397
	1.28184
	
	

	Arm Span
	male
	64
	185.6828
	9.27611
	1.15951
	 0.000
	 S

	
	female
	50
	173.4220
	8.90371
	1.25917
	
	

	Shoulder Breadth
	male
	64
	44.4656
	2.89615
	.36202
	 0.000
	 S

	
	female
	50
	39.6000
	4.13813
	.58522
	
	

	Arm Length
	male
	64
	33.2453
	2.00015
	.25002
	 0.000
	 S

	
	female
	50
	36.6760
	1.65302
	.23377
	
	

	Forearm-hand Length
	male
	64
	49.2469
	3.10826
	.38853
	 0.000
	 S

	
	female
	50
	45.7080
	2.23130
	.31555
	
	

	Hand length
	male
	64
	19.8328
	.91131
	.11391
	 0.000
	 S

	
	female
	50
	17.8660
	.85012
	.12022
	
	


S= Significant
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Subjects 
	 



Regression Equation Model
	



R 
	


R Square 
	

Adjusted
  R Square 
	
Std. Error of the Estimate
	


Sig. F Change

	All 
	S=58.88+(AS)0.440+(SB)0.189+(AL)-0.056+(FHL)-0.371+(HL)2.327
	0.71
	0.509
	0.487
	6.91858
	0.00*

	Arm Span 
	S=68.26+(AS)0.568
	0.64
	0.415
	0.410
	7.41871
	0.00*

	Shoulder Breadth
	S=139.78+(SB)0.732
	0.32
	0.103
	0.095
	9.18400
	0.00*

	Arm Length
	S=208.749+(AL)-1.093
	0.29
	0.81
	0.073
	9.29631
	0.002*

	Fore-hand Length
	S=136.042+(FHL)0.728
	0.25
	0.061
	0.052
	9.40030
	0.008*

	Hand Length
	S=88.493+(HL)4.337
	0.59
	0.350
	0.345
	7.81641
	0.000*


S=Stature, AS= Arm Span, SB = Shoulder Breadth, AL= Arm Length, FHL= Fore-hand Length, HL= Hand Length * = Significant

4.0 DISCUSSION
The results of this study provide important insights into the relationship between upper-limb anthropometric variables and stature among undergraduate students. Across the analyses, several key trends emerged regarding descriptive patterns, gender differences, and the predictive accuracy of body measurements for height estimation. The mean standing height of the participants (170.76 ± 9.66 cm) falls within the expected range for young adults in West Africa, consistent with similar Nigerian studies [7, 10, 11]. The mean arm span (180.31 ± 10.94 cm) exceeded the mean height, a pattern commonly reported across populations due to natural skeletal proportions [12, 13]. 
Similarly, the values recorded for shoulder breadth, arm length, forearm-hand length, and hand length reflect normal growth patterns. Variability in these measurements is expected due to differences in genetics, physical activity, and nutritional background, all of which influence body proportions [14, 15]. Significant gender differences (p < 0.001) were recorded in all variables. Males consistently had higher mean values for height, arm span, shoulder breadth, forearm–hand length, and hand length. These findings align with the well-established biological phenomenon of sexual dimorphism, where males generally possess larger skeletal dimensions due to testosterone-driven increases in bone length and muscle mass [16, 17].
This pattern has been widely observed across global and African populations, confirming that males are typically taller and have broader shoulders and longer limbs [18, 19]. Interestingly, females showed a slightly higher arm length (36.68 cm) compared to males (33.25 cm). Minor deviations like this may result from sampling variation or population-specific characteristics. Anthropometric proportions often differ between ethnic groups, and even within subpopulations, due to genetic and environmental influences [20, 21]. The multivariate regression equation explained 50.9% of the variance in stature (R² = 0.509). This indicates that using all upper-limb measurements together provides a moderately strong prediction of height. Similar findings in Nigerian and Indian populations show that combining multiple anthropometric variables improves estimation accuracy [22, 23].
[bookmark: _Hlk216388080]Arm span was the strongest single predictor of stature (R = 0.64; R² = 0.415). This is expected because arm span is strongly correlated with height across the subjects and is frequently used when measuring height directly is not feasible [24, 25]. Researchers consistently support arm span as the closest anthropometric substitute for actual height [26]. Hand length also showed a strong relationship with stature (R = 0.59; R² = 0.350). Previous studies indicate that hand length correlates with stature and overall skeletal size, explaining its predictive power [27, 28]. Hand length is often used in forensic identification, especially when only fragmented remains are available.
Shoulder breadth (R² = 0.103), arm length (R² = 0.081), and forearm-hand length (R² = 0.061) were relatively weak predictors of height. These measurements may vary more independently of stature due to lifestyle, activity level, muscular development, or individual skeletal proportions. Several researchers have noted that axial limb measurements (like arm span) correlate with height more strongly than segmental limb measurements [6,27]. This explains why arm span and hand length performed better than small-segment measurements.
ETHICAL CONSIDERATIONS
Ethical approval was obtained from the institutional ethics committee of the University of Port Harcourt before data collection. Participants were informed about the purpose of the study, and written consent was obtained. 
CONCLUSION 
The study found that upper-limb measurements can effectively predict stature among undergraduate students. Arm span was the strongest predictor of height, followed by hand length, while other measurements showed weaker accuracy when used alone. A combined regression model explained about 50.9% of height variation, highlighting the value of developing population-specific prediction equations, particularly in diverse settings like Nigeria. The resulting models are useful for clinical, forensic, ergonomic, and anthropological purposes when direct height measurement is not possible. The study recommends further research with larger and more diverse samples to improve the applicability of stature-estimation models.
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