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Dimensions of Anthropometric Parameters and Sex Dimorphism of Apparently Healthy Indigenous People of Rivers State, Nigeria
Abstract
Background: Anthropometric data becomes increasingly useful in areas like health care, nutrition, and even forensic investigations, to better support medical decisions, nutritional planning, and identity verification tailored to the community’s unique characteristics. The study aims to determine sex differences in circumferential anthropometric body features of Rivers State indigenes of Nigeria. Method: The research design was a non-experimental, cross-sectional design. It made use of a total number of three hundred (300) subjects divided into (150) male and (150) female, whose ages ranged between 18 to 40 years. A direct anthropometric circumferential measurement method was used in this study with the subject in a standing position. Statistical analysis was done using Statistical Package for the Social Sciences (SPSS version 25.0) and Microsoft Excel 2019. Student t-test was used as an inferential statistic and p-value less than 0.05 was considered statistically significant. Results: Generally, the Mean value for neck circumference was 33.69±5.42, mid-arm circumference 26.31±4.96, chest circumference 83.60±12.18, waist circumference 75.08±14.37, hip circumference 92.36±50.97, mid-thigh circumference 50.01±10.36, abdominal circumference 73.09±13.33, leg circumference 36.19±6.33, head circumference 56.24±4.95, weight 64.70±11.21 and BMI 22.06±3.19. But the Mean circumferential parameters for the male subjects was as follows; neck circumference 34.59±4.41, mid-arm circumference 26.97±5.13, chest circumference 83.48±9.80, waist circumference 76.37±14.58, hip circumference 93.43±70.51, mid-thigh circumference 49.04±11.17, abdominal circumference 73.11±13.77, leg circumference 35.02±5.39, head circumference 56.11±5.59, weight 68.19±10.86 and BMI 21.81±3.00, and that of female showed neck circumference, mid-arm circumference, chest circumference, waist circumference, hip circumference, mid-thigh circumference, arm circumference, abdominal circumference, leg circumference, head circumference, weight and BMI as 32.75±6.18, 25.23±4.69, 83.74±14.28, 73.72±14.06, 91.24±11.23, 51.04±9.36, 73.07±12.89, 37.41±6.99, 56.38±4.20, 61.06±10.42, 22.32±3.36 respectively. Conclusion: The analysis confirms the presence of sexual dimorphism in neck, mid-arm, and leg circumferences as well as weight, while other measured anthropometric parameters showed no significant sex-based differences.
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INTRODUCTION
[bookmark: _Hlk204358258][bookmark: _Hlk204358272]Understanding the physical structure of the human body has long served as a foundation for science, medicine, and forensics. Anthropometry, the systematic study of human body measurements, plays a central role in documenting these physical characteristics (Madden and Smith, 2016). One of its most significant applications lies in the identification and analysis of sexual dimorphism, the natural biological differences between males and females in anthropometric traits (Ferreira et al., 2023; Williams and Rogers, 2006). These differences are not only biologically important, but they also carry practical implications in areas such as forensic science, clinical assessments, ergonomics, and public health research.
[bookmark: _Hlk204358337][bookmark: _Hlk204358783]In forensic science, especially during criminal investigations, mass disasters, or archaeological excavations, the ability to distinguish between male and female skeletal remains can be critical. Anthropometric measurements of the skull, limbs, and other body parts often provide clues that help forensic experts establish identity, even in the absence of soft tissue (Franklin et al., 2005). In medicine and health research, anthropometric data assist in evaluating nutritional status, diagnosing growth abnormalities, planning surgical procedures, and designing equipment or workspaces that fit diverse body types (Habib and Kamal, 2010; Nwaogazie et al., 2016). Accurate and population-specific data allow researchers and healthcare professionals to tailor interventions and policies to the unique physical profiles of local populations.
Despite its significance, Nigeria, faces a notable lack of comprehensive anthropometric data specific to its indigenous populations. Most available reference standards are based on Western or pan-African datasets, which may not account for local genetic, environmental, or socio-cultural differences. This gap in data has major consequences: it can lead to misidentification in forensic cases, misclassification in clinical diagnostics, and poor planning in health and ergonomic interventions (Mažeikienė, 2020; Nwaogazie et al., 2016). The diversity of Nigeria’s ethnic regions underscores the need for targeted studies that reflect the unique anatomical features of each geographical region/state population.
The present study is motivated by this gap. It focuses on evaluating selected anthropometric parameters and investigating sexual dimorphism among apparently healthy adult indigenes of Rivers State, Nigeria. By establishing baseline data for this population, the research aims to create a reliable reference that can be used in forensic investigations, public health initiatives, academic studies, and biomedical applications. This localized approach not only enhances scientific accuracy but also strengthens the relevance of anthropometric research within the Nigerian context. Ultimately, the findings of this study will contribute to a more nuanced understanding of human biological variation and provide practical tools for professionals working across forensic, medical, and research fields.
[bookmark: _Hlk191566789]MATERIALS AND METHOD
Study Area: 
[bookmark: _Hlk191629928]The subjects for this study were indigenes of Rivers State. According to 2006 population census figure the population of Rivers State is put at 5,198,716 (NPC, 2006; Federal Republic of Nigeria Official Gazette, 2009; NBS, 2010).
Research Design and Study Sample:  
This study adopted a cross-sectional design, and a total number of three hundred (300) subjects comprising of 150 male and 150 female whose ages ranged between 18 to 40 years were drawn from the study area randomly. 
Minimum sample size was determined using Cochran, (1963) sample size (SS) determination formulae:		

Where  = Standard normal variate (at 5% type 1 error) = 1.96
p = expected proportion of respondents (21%)
d = absolute error = 0.05
 
The minimum sample size of this study was 255, but the study uses 300 subjects (indigenous Igbo), considering 10% attrition.  
Criteria for Subject Selection:
· A subject was recruited if the parents, grandparents were indigenes of Rivers State. 
· Subjects selected were from the ages between 18 and 40 years.
· Subjects selected had no amputation and any form of gross morphological abnormality that affects the measurement region.
Method of Data collection:
The following anthropometric parameters were measured;
[bookmark: _Hlk204359176]Neck Circumference (NC): This measurement is taken round a point midway between the tip of the mastoid process of the temporal bone and the medial tip of the clavicle where it forms the sterno-clavicular joint. (Chikhalkar et al., 2009; Dayal et al., 2008; Akhter et al., 2009). This circumference (cm) is measured using non-stretchable plastic tape to the nearest 0.1cm and was measured from the level just below the laryngeal prominence perpendicular to the long axis of the neck round the neck to the laryngeal prominence with head positioned in Frankfurt horizontal plane with shoulders relaxed. 
Mid-Arm Circumference (MAC): This corresponds to the point midway between the distance of acromion of the scapula and olecranon process of the ulna. With the elbow relaxed (the upper limb freely hanging), the measuring tape is placed round at this point perpendicular to the long axis, and the reading recorded in cm.
[bookmark: _Hlk204359270]Chest Circumference (CC): The measurement of the region corresponding to the nipples and/or the xiphoid process. The measuring tape is place horizontally at the region corresponding to the nipple or the xiphoid process. The measuring tape is then place at the right side and pass round through the back and back to the starting point. The chest circumference is then measure with minimal respiration to the nearest 0.1cm and recorded (Krishan et al., 2010).
[bookmark: _Hlk204359350]Waist Circumference (WC): This region corresponds to the superior iliac crest and then crossing the line to indicate the mid-axillary line. In the standing position, the measuring tape is placed in the horizontal plane at the right side across the waist region, corresponding to the superior iliac crest and then crosses towards the mid-axillary line around the subject back to mid-axillary line making sure the tape is parallel and snug but not compressing the skin and measurement taken at minimal respiration to the nearest 0.1cm. (Krishan and Sharma, 2007; Kaur et al., 2011).  
Hip Circumference (HC): This is the area corresponding to the inguinal region and relating to the groin (between the abdomen and thigh). With the subject standing with the feet together so that weight is evenly distributed, the measuring tape is placed at the inguinal region and adjusted to ensure that the plane of the tape is horizontal and held snug but not tight. The zero end of the tape is then held under the measurement value on the right side and recorded (Krishan et al., 2010).
Mid-thigh Circumference (MTC): According to Krishan et al. (2010) MTC is the midpoint between greater tubercles of the femur and the lateral epicondyle. The subject stands with the right leg just in front of the left and the weight shifted back to the left leg, with a platform used to maintain the subject’s balance. The zero end of the measuring tape is placed on the greater tubercle of the femur and run along the lateral aspect of the thigh to the lateral condyle of the femur. The tape is then positioned perpendicular to the long axis of the thigh halfway the distance and the MTC measured with the tape resting firmly round the skin without compressing it to the nearest 0.1cm and record. 
Leg circumference (LC): While the subject was standing, the measure tape was place around the calf and move up and down without compressing subcutaneous tissue to locate the maximum circumference near the top of the leg to the nearest cm and record.
Head Circumference (HC): With the head positioned in Frankfurt horizontal plane, the circumference of the head is measured having the zero end of the tape in cm, placed at the glabella anteriorly and then stretching the tape to pass through the opisthocranion posteriorly, then back to glabella where the tape was read and recorded in cm.
Abdominal circumference (AC): Abdominal circumference is measured by wrapping a flexible, non-stretchable measuring tape around the abdomen at the level of the umbilicus (navel) while the individual stands upright with feet together and arms relaxed at the sides. The measurement is taken at the end of a normal exhalation, ensuring that the tape is snug but not compressing the skin (Krishan et al., 2010). 
Weight:  The measurement was taken with the aid of a digital weighing balance, the person wearing minimal clothing and no shoes, The scale was placed on a flat, hard surface to avoid errors, and the individual stand at the center of the platform with feet slightly apart and arms by their sides. The weight is then read directly from the display or dial and recorded to the nearest 0.1 kg or as appropriate.
Body Mass Index (BMI): BMI is an estimate of total body fat. It is defined as weight in kilograms divided by the square of the height in metres. That is BMI is calculated as weight/height2 and the normal value 18.5-24.9kg/m2.
Statistical analysis:
Statistical analysis was done using statistical package for the social science (SPSS version 25.0) and Microsoft Excel. Continuous variables were presented as Mean ± SD; minimum and maximum. Independent sample t-test was carried out to determine significant difference in the measured anthropometric parameters and sex (gender). The confidence interval was set at 95%, therefore p< 0.05 will be considered significant.
RESULTS AND DISCUSSION
Results:

Fig 1, sex distribution of the population  
Table 1: Descriptive Statistics of dimension of body circumferential parameters of the general population
	Parameters
	Min
	Max
	Mean
	SD
	

	
	
	
	
	

	Neck circumference (cm)
	8.40
	85.00
	33.69
	5.42

	Mid-arm circumference (cm)
	10.00
	40.40
	26.31
	4.96

	Chest circumference (cm)
	9.50
	121.20
	83.60
	12.18

	Waist circumference (cm)
	6.50
	122.00
	75.08
	14.37

	Hip circumference (cm)
	23.00
	113.00
	92.36
	50.97

	Mid-thigh circumference (cm) 
	21.50
	95.00
	50.01
	10.36

	Abdominal circumference (cm)
	10.00
	116.00
	73.09
	13.33

	Leg circumference (cm)
	22.70
	68.40
	36.19
	6.33

	Head circumference; glabella-opisthocran
	11.60
	68.90
	56.24
	4.95

	Weight
	42.00
	106.00
	64.70
	11.21

	BMI
	17.04
	30.50
	22.06
	3.19


Min = Minimum, Max = Maximum, SD = Standard deviation
Table 2: Descriptive Statistics of dimension of body circumferential parameters of the male subjects
	Parameters
	Min
	Max
	Mean
	SD

	
	
	
	
	

	Neck circumference (cm)
	11.00
	52.70
	34.59
	4.41

	Mid-arm circumference (cm)
	10.00
	40.40
	26.97
	5.13

	Chest circumference (cm)
	10.50
	121.20
	83.48
	9.80

	Waist circumference (cm)
	6.50
	122.00
	76.37
	14.58

	Hip circumference (cm)
	23.00
	983.00
	93.43
	70.51

	Mid-thigh circumference (cm)
	22.00
	95.00
	49.04
	11.17

	Abdominal circumference (cm)
	10.00
	116.00
	73.11
	13.77

	Leg circumference (cm)
	22.70
	55.50
	35.02
	5.39

	Head circumference; glabella-opisthocran
	11.60
	68.90
	56.11
	5.59

	Weight
	46.00
	106.00
	68.19
	10.86

	BMI
	17.43
	30.50
	21.81
	3.00


Min = Minimum, Max = Maximum, SD = Standard deviation
Table 3: Descriptive Statistics of dimension of body circumferential parameters of the female subjects
	Parameters
	Min
	Max
	Mean
	SD

	
	
	
	
	

	Neck circumference
	8.40
	85.00
	32.75
	6.18

	Mid-arm circumference
	11.50
	38.50
	25.63
	4.69

	Chest circumference
	9.50
	108.00
	83.74
	14.28

	Waist circumference
	6.60
	105.00
	73.72
	14.06

	Hip circumference
	38.90
	117.10
	91.24
	11.63

	Mid-thigh circumference
	21.50
	88.00
	51.04
	9.36

	Abdominal circumference
	19.00
	111.00
	73.07
	12.89

	Leg circumference
	28.00
	68.40
	37.41
	6.99

	Head circumference; glabella-opisthocran
	11.60
	63.00
	56.38
	4.20

	Weight
	42.00
	104.00
	61.06
	10.42

	BMI
	17.04
	30.50
	22.32
	3.36


Min = Minimum, Max = Maximum, SD = Standard deviation
Table 4: Test for sexual dimorphism in the body circumferential parameters using independent sample t-test
	Parameters
	MD
	S.E.D
	t-value
	P-value
	Inference

	
	
	
	
	
	

	Neck circumference
	1.84
	0.59
	3.10
	0.00
	S

	Mid-arm circumference
	1.33
	0.54
	2.45
	0.01
	S

	Chest circumference
	-0.26
	1.36
	-0.19
	0.85
	NS

	Waist circumference
	2.65
	1.58
	1.67
	0.10
	NS

	Hip circumference
	2.19
	5.65
	0.39
	0.70
	NS

	Mid-thigh circumference
	-2.00
	1.14
	-1.75
	0.08
	NS

	Abdominal circumference
	0.04
	1.48
	0.03
	0.98
	NS

	Leg circumference
	-2.39
	0.69
	-3.45
	0.00
	S

	Head circumference; glabella-opisthocran
	-0.27
	0.57
	-0.48
	0.63
	NS

	Weight
	7.13
	1.18
	6.05
	0.00
	S

	BMI
	-0.51
	0.35
	-1.44
	0.15
	NS


MD = Mean difference, S.E.D = Standard error of the difference, C.I = Confidence interval, Diff = Difference, S = Significant, NS = Not significant
Figure 1, shows that 150 males and 150 females were sampled.
Table 1, shows the descriptive statistics and dimensions of body circumferential parameters of the general population, with the mean for neck circumference as 33.69±5.42, mid-arm circumference 26.31±4.96, chest circumference 83.60±12.18, waist circumference 75.08±14.37, hip circumference 92.36±50.97, mid-thigh circumference 50.01±10.36, abdominal circumference 73.09±13.33, leg circumference 36.16±6.33, head circumference 56.24±4.95, weight 64.70±11.21 and BMI 22.06±3.19.
In Table 2, the descriptive statistics of dimension of body circumferential parameters for the male subjects showed a mean value as follows; neck circumference 34.59±4.41, mid-arm circumference 26.97±5.13, chest circumference 83.48±9.80, waist circumference 76.37±14.58, hip circumference 93.43±70.51, mid-thigh circumference 49.04±11.17, abdominal circumference 73.11±13.77, leg circumference 35.02±5.39, head circumference 56.11±5.59, weight 68.19±10.86 and BMI 21.81±3.00.
Table 3, shows the descriptive statistics of dimension of body circumferential parameters for the female subjects with mean for neck circumference, mid-arm circumference, chest circumference, waist circumference, hip circumference, mid-thigh circumference, arm circumference, abdominal circumference, leg circumference, head circumference, weight and BMI as 32.75±6.18, 25.23±4.69, 83.74±14.28, 73.72±14.06, 91.24±11.23, 51.04±9.36, 73.07±12.89, 37.41±6.99, 56.38±4.20, 61.06±10.42, 22.32±3.36 respectively.
Table 4, is a test for sexual dimorphism. It illustrated the association between measured anthropometric parameters and sex, and showed that there was sexual dimorphism in neck circumference, mid-arm circumference, leg circumference and weight whereas chest circumference, waist circumference, hip circumference, mid-thigh circumference, abdominal circumference, head circumference and BMI are not sexually dimorphic. That is, there were significant statistical differences significantly between sex and neck circumference, mid-arm circumference, leg circumference and weight respectively, while the other parameters were not statistically significant.
Discussion:
The findings provide a detailed assessment of body circumferential parameters in a general population, further broken down by sex to determine the presence of sexual dimorphism. The general population's descriptive data show average values within expected physiological ranges, though the standard deviation for hip circumference is unusually large, suggesting potential data inconsistencies or a high variability due to diverse body types. This variability is possibly influenced by factors such as ethnicity, age, and nutritional status. In the disaggregated data, males generally showed higher mean values for neck, mid-arm, chest, waist, and hip circumferences, as well as body weight. Interestingly, females had slightly higher values for leg circumference and mid-thigh circumference, and a marginally higher BMI, although the differences in BMI were statistically insignificant. This is contrary to Oladipo et al. (2017) who suggested the existence of sexual difference in hand and foot dimensions of Annang Indigene of Akwa Ibom State, Nigeria.
[bookmark: _Hlk204360472][bookmark: _Hlk204360486]Statistical testing for sexual dimorphism revealed significant differences between sexes in neck circumference, mid-arm circumference, leg circumference, and weight, indicating that these parameters are strongly influenced by sex-based biological and behavioral factors. The observed sexual dimorphism in neck and mid-arm circumference can be attributed to differences in muscularity, which are in turn influenced by sex hormones- particularly testosterone. Testosterone is known to promote muscle hypertrophy and is typically present at higher levels in males, resulting in broader neck and more muscular arms (Beunen and Malina, 1988; Wells, 2007). The significant difference in weight is consistent with this pattern, as increased muscle mass contributes to higher body mass. Moreover, males typically engage in more physically demanding activities, which also enhances muscle development in the upper body (Katzmarzyk and Leonard, 1998).
[bookmark: _Hlk204360545][bookmark: _Hlk204360615]On the other hand, females demonstrated slightly higher leg and thigh circumferences, though only leg circumference was statistically significant. This pattern may be influenced by the effects of estrogen, which promotes subcutaneous fat storage, particularly in the lower body regions such as the hips and thighs- a distribution pattern advantageous for reproductive health (Lassek and Gaulin, 2006). This fat accumulation not only contributes to increased girth in these areas but also has metabolic implications, often making females more efficient in energy storage. The non-significant difference in waist, hip, abdominal, and chest circumferences suggests that, despite overall differences in body composition, some dimensions may be influenced more by environmental and lifestyle factors, such as diet, clothing habits, and postural differences, than by biological sex alone (Wells, 2007; Kirchengast, 2010).
[bookmark: _Hlk204360670][bookmark: _Hlk204360766]Genetic and growth-related factors also play crucial roles in shaping these anthropometric traits. Variations in genes related to growth hormone (GH) and insulin-like growth factor-1 (IGF-1) pathways can affect growth velocity, final body size, and circumferential dimensions (Clayton et al., 2010). Additionally, differences in physical activity levels across sexes during developmental years contribute to the divergence in muscle and fat distribution (Malina et al., 2004). For example, adolescent males are more likely to participate in sports and manual labor, which increase upper body muscle mass, while females may be more sedentary or engage in less physically intensive tasks, contributing to different patterns of fat deposition and muscle development (Rodrigues et al., 2011).
[bookmark: _Hlk204360815][bookmark: _Hlk204363151][bookmark: _Hlk204363116]Comparative literature supports these findings. Singh et al. (2019) and Wells, (2007) both report statistically significant sexual dimorphism in neck, arm, and leg measurements across diverse populations, supporting the relevance of these parameters for forensic sex estimation. Similarly, Fredriks et al. (2005) noted that while head circumference shows minimal sex-based variation post-puberty, weight and limb circumferences remain consistently higher in males. In contrast, some studies (like Agnihotri et al., 2006) have shown significant differences in waist and hip circumferences, suggesting that population-specific differences in lifestyle, ethnicity, and sample size can influence the significance of dimorphism in these traits. Therefore, while some anthropometric differences are universally dimorphic due to hormonal and genetic underpinnings, others are modulated by environmental and cultural factors.
CONCLUSION
[bookmark: _GoBack]In conclusion, this study provides evidence of sexual dimorphism (sex-based differences) in select anthropometric parameters, particularly those associated with muscle mass and fat distribution (such as neck, mid-arm, leg circumference, and weight). But other parameters, such as chest, waist, hip, abdominal circumferences, BMI, and head circumference, showed no significant variation between sexes. It may not be out of place to opine that these findings highlight the relevance of environmental, genetic, and hormonal influences in shaping human morphology. 
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