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Prevalence of Greek and Egyptian foot morphology in southwest Nigeria using Ijebu-Ode as a case study.
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ABSTRACT

	Aims: To investigate the prevalent foot shapes and to explore the correlation between the predominant foot shape and cultural or gender factors within the Ijebu-Ode community thereby filling this gap and contributing valuable insights to the field of anthropometry and podiatric medicine.
Study design: The study adopted a cross-sectional research design to assess foot shape among a representative sample of the Ijebu Ode Community, and a purposive sampling technique was used.
Place and Duration of Study: This study involved 200 participants in the Ijebu Ode Community aged 18 to 65 years. 
Methodology: This study involved 200 participants in the Ijebu Ode Community aged 18 to 65 years. The foot shape was determined using HP Scanjet G3110 and the length and width of the foot were measured using vernier caliper and measuring tape these values were also recorded. Data analysis was carried out using a series of statistical tests, including the Kolmogorov-Smirnov test for assessing normality, Pearson’s correlation, and the chi-square test to assess the independence of foot shape distribution from demographic characteristics such as gender.
Results: The results demonstrated a significant prevalence of the Greek foot shape among males, while the Egyptian foot shape was more common among females. The results of this study add to the anthropometric data on Nigerian communities, supporting the development of tailored solutions in medical and commercial applications.
Conclusion: These findings suggest that foot shape distribution in the Ijebu Ode community may have a gender-based dimension. This pattern of foot morphology has practical implications for ergonomic design, health care, and local shoe manufacturing, offering insights into how gender and physical form are interrelated within this specific population.
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1. INTRODUCTION

The human foot is a complex structure made of twenty-six (26) bones, some joints, some ligaments, muscles, and tendons that are responsible for human gait and upright movement. The bones of the foot are subdivided into three categories, fore, mid, and hind foot (Ficke & Byerly, 2023). Due to the several arches and alignment of the foot based upon bone, ligament, and muscle placement, different shapes of the foot are possible leading to variation. These variations are of anatomical interest and have major implications for designing footwear and workplace setups to optimize foot health, comfort, and performance, reducing the risk of musculoskeletal disorders, orthopedic interventions, pathologies, fatigue, and podiatry (Nix, Smith, & Vicenzino, 2010).
The human foot plays a key role in supporting the weight of the body, in keeping a stable upright posture and in providing locomotion. It must be flexible enough to absorb the ground reaction forces and rigid and herculean for weight-bearing (Moore, Dalley, & Agur, 2014).
Knowing the diversity of foot shapes within different populations is crucial for designing appropriate footwear, orthotics, and medical interventions (Chang, Lin, & Lu, 2017).
Foot-related problems are common across the globe, affecting a considerable portion of the population. Conditions such as plantar fasciitis, bunions, Achilles tendonitis, Morton’s neuroma, and tinea infections can significantly impact a person's quality of life and mobility (Ayub & Bibbo, 2005).
Ethnicity plays a role however minute in the shaping of human feet, especially as changes occur from postnatal development periods (Kristina-Stankovic, Booth, Femke, & Vermaelen, 2018). Choi et al. (Choi, Woo, Oh, et al., 2015) study reported the ethnicity of the Maasai people played a major role in their foot shape due to their traditional footwear and gait patterns
Serving as the traditional headquarters of the Ijebu people, Ijebu-Ode is one of the major local governments in Ogun State, a southwestern state in Nigeria. Its history is largely connected to the commerce of the region and a rich cultural tapestry (Akintoye, 2010). Chang (Chang et al., 2017) asserts that understanding physical characteristics like foot shape in communities helps to enrich anthropometric data and can serve as an aid for tailored healthcare and ergonomic design.
In the context of the Ijebu community, understanding the prevalent foot shapes can lead to better footwear design, improved clinical interventions, and enhanced preventive measures against foot-related ailments (Okafor, 2017).
This research aims to investigate the prevalent foot shapes and to explore the correlation between the predominant foot shape and cultural or gender factors within the Ijebu-Ode community thereby filling this gap and contributing valuable insights to the field of anthropometry and podiatric medicine.

2. material and methods

2.1 Subjects and Study Design 
The study adopted a cross-sectional research design to assess foot shape among a representative sample of the Ijebu Ode Community, and a purposive sampling technique was used. The sample size used for this study comprised 200 subjects (100 males and 100 females) between the ages of 18-65 years, inclusion criteria for the study were participants who were from Ijebu Ode by paternal and maternal origin to the second generation and without any deformity, injury or fracture, nor any history of surgical procedures carried out in the feet. A minimum sample size was used to get the study population of 200 subjects obtained randomly from the Ijebu population using the Taro Yamane formula:
n = N/((1+N*e^2))
where
n = sample size
N = population size
e = margin of error (0.05)
0. Instruments
Anthropometric parameters of the foot were taken; foot length was taken from the tip of the longest toe to the farthest point at the back of the heel using a calibrated ruler or measuring tape, and foot width was measured at the widest point of the foot using vernier calipers. Overall foot shape was characterized based on foot scans and visual inspections.
Instruments used included: Value line Digital Vernier caliper, non-stretchable measuring tape, a Canon 12.1 megapixels, PowerShot SD960 IS digital camera (Tokyo, Japan) was used to take pictures, Hewlett-Packard Scanjet G3110 Flatbed Scanner (Palo Alto, Cali., USA) was used to scan the various feet. The tools were calibrated using ISO standards and measurements were also taken twice. A questionnaire was used to determine inclusion criteria for the research.                  	 
The questionnaire was used to collect details of subjects including their ancestral origin, and then subjects were asked to sit upright on a chair thereby reducing weight on the foot, each subject’s foot was gently placed on the scanner and scanned, and their respective shapes were recorded. All measurements are recorded in a anthropometric standardized data collection sheet to ensure accuracy and consistency. 
0. Statistical Analysis
The data analysis in this study employed statistical methods that examined the accurate evaluation of foot measurements, determined the distribution of foot shapes, and explored the relationships between foot dimensions. The Kolmogorov-Smirnov Test for Normality was conducted to determine the normal distribution of foot width and foot length, this test compares the observed distribution of data to an expected normal distribution. Measure of central tendencies and variability in foot measurements for both males and females was done offering insights into the typical foot dimensions within the population. Pearson’s correlation coefficient was used to examine the relationship between the right and left foot widths for both males and females. The chi-square test was employed to examine the distribution of foot shapes among males and females, assessing whether there was a significant association between gender and foot shape type.


3. results and discussion

3.1 Results
The results provide insights into the prevalent foot shapes, their distributions, and the correlations between foot length and width. The results of this study are presented in the tables below.
Table 1 shows the Kolmogorov-Smirnov normality test (before transformation). This table ensures the validity of the statistical analyses by ensuring data is normally distributed before transformation. The data is accepted to be normally distributed if the significant value is greater than the chosen level of significance which is 95%.
Table 1: Shows Kolmogorov-Smirnov Normality Test (before transformation)
	
	Kolmogorv-Smirnov

	
	Statistic
	Difference
	Significance

	Right FW Males (mm)
	.110
	99
	.005

	Left FW Males (mm)
	.099
	99
	.017

	Right FL Males (cm)
	.0068
	99
	.0200

	Left FL Males (cm)
	.086
	99
	.0067

	Right FW Females (mm)
	.096
	99
	.0025

	Left FW females (mm)
	.085
	99
	.0077

	Right FL females (cm)
	.0116
	99
	.002

	Left FL females (cm)
	.090
	99
	.046


*FW= foot width, FL = foot length
Table 2 shows the Initial Kolmogorov-Smirnov Normality Test (After transformation) From the result obtained from Table 2; all the P-values obtained were less than 0.05.

Table 2: Shows Initial Kolmogorov-Smirnov Normality Test (after transformation)
	
	Kolmogorv-Smirnov

	
	Statistic
	Difference
	Significance

	Right FW Males 
	.046
	99
	.083

	Left FW Males 
	.058
	99
	.063

	Right FL Males 
	.065
	99
	.45

	Left FL Males
	.039
	99
	.93

	Right FW Females
	.052
	99
	.73

	Left FW females 
	.061
	99
	.56

	Right FL females 
	.044
	99
	.87

	Left FL females 
	.055
	99
	.068


*FW= foot width, FL = foot length
Table 3 shows the descriptive Statistics for Foot Width and Length of males and females of the Ijebu Ode population.
Table 3: Descriptive Statistics for Foot Width and Length.
	
	Right FW Males (mm)

	Left FW Males (mm)
	Right FL Males (cm)
	Left FL Males (cm)
	Right FW Females (mm)
	Left FW females (mm)
	Right FL females (cm)
	Left FL females (cm)

	N
	100
	100
	100
	100
	100
	100
	100
	99

	Mean
	97.76
	98.08
	25.32
	25.04
	82.66
	82.89
	22.18
	22.12

	Range
	37.47
	36.60
	5.5
	6.9
	19.85
	19.49
	6.2
	5.9

	Minimum
	75.85
	76.82
	22.0
	22.3
	70.25
	70.73
	18.7
	18.7

	Maximum
	113.32
	113.42
	27.5
	29.2
	90.10
	90.22
	24.9
	24.6

	SD
	9.76
	9.72
	1.22
	1.22
	5.03
	4.78
	1.08
	1.07


*FW= foot width, FL = foot length
Table 4 shows the correlation between foot length and width of the population studied. From the result, it is observed that both male and female foot length when compared shows that the data is highly correlated to each other at a value of 0.923 and 0.987 respectively.
Table 4:: Showing the relationship between foot width for males.
	
	
	a
	B

	A
	Pearsons Correlation
	1
	.999**

	
	Sig. (2-tailed)
	 
	<.001

	
	N
	100
	100

	B
	Pearson Correlation
	.999**
	1

	
	Sig. (2-tailed)
	<.001
	 

	
	N
	100
	100


*FW= foot width, FL = foot length
I. Correlation is significant at the 0.01 level (2tailed). Therefore, the correlation value is significant at 99% level of significance and at significant at 95% level of significance because the significant value obtained is less than 0.001.

Table 5: Showing the relationship between foot length for males.
	
	
	f
	E

	F
	Pearson Correlation
	1
	.977**

	
	Sig. (2-tailed)
	 
	<.001

	
	N
	100
	100

	E
	Pearson Correlation
	.977**
	1

	
	Sig. (2-tailed)
	<.001
	 

	
	N
	100
	100


*FW= foot width, FL = foot length
II. Furthermore, this value is significant at 99% and 95% level of significance because the significance value is less than 0.01
 
Table 6: Showing the relationship between foot length for females.
	
	
	c
	D

	C
	Pearson Correlation
	1
	.923**

	
	Sig. (2-tailed)
	 
	<.001

	
	N
	100
	100

	D
	Pearson Correlation
	.923**
	1

	
	Sig. (2-tailed)
	<.001
	 

	
	N
	100
	100


*FW= foot width, FL = foot length
III. The value obtained, which is less than 0.01, shows that it is significant at both the 99% and 95% levels of significance.
 
Table 7: Showing the relationship between foot width for females.
	
	
	g
	H

	G
	Pearson Correlation
	1
	.987**

	
	Sig. (2-tailed)
	 
	<.001

	
	N
	100
	99

	H
	Pearson Correlation
	.987**
	1

	
	Sig. (2-tailed)
	<.001
	 

	
	N
	99
	99


*FW= foot width, FL = foot length
IV. The significance value obtained which is less than 0.01 shows that it is significant at both 99% and 95% level of significance.

Table 8 shows the observed foot shape of both male and female Subjects. The table showed the prevalence of foot shape in both the left and right foot. 
Table 8: Showing the Observed values of Greek and Egyptian foot shapes:
	Foot Shape
	Male
	Female
	Total

	Greek Foot (Right)
	75
	38
	113

	Greek Foot (Left)
	83
	26
	109

	Egyptian Foot (Right)
	25
	62
	87

	Egyptian Foot (Left)
	17
	74
	91

	Total
	200
	200
	400


*FW= foot width, FL = foot length

Significant differences between males and females in both foot width and foot length were observed in this research, with the males showing larger dimensions across all parameters measured. The right foot width (RFW) and left foot width (LFW) for males were significantly higher than for females. These differences can be attributed to biological factors, such as the generally larger skeletal structure of males compared to females, which has been widely documented in other anatomical studies (Smith, 2018). The mean RFW for males was 97.76± 9.76mm compared to 82.66± 5.03mm for females, which was statistically significant with a p-value of 0.01. Similar trends were observed in right foot length for males (RFLM) which was 25.32±.1.22 and right foot length for females (RFLF) which was 22.18±1.08. These findings are supported by the work of Rosenberg (Rosenberg, 2017), who reported that males tend to have larger foot dimensions due to differences in bone density and muscle mass.
It was important to test the data using the Kolmogorov-Smirnov normality test before further analysis was carried out on the dataset, normalcy would be accepted if the significance was greater than 95%. From the result obtained from Table 2, it is clear to note that all the P-values obtained are less than 0.05, this indicated that the dataset was not normally distributed therefore transformation by logarithm function was carried out. Normality was seen post-transformation.
It was observed that the male subjects had higher mean values than female subjects this coincides with the findings of Okafor9. With male values being 97.76 ± 9.76 (RFW), 98.08 ± 9.72 (LFW). 25.32 ±1.22 (RFL), 25.04 ± 1.22 (LFL) whereas 82.66 ± 5.03 (RFW), 82.89 ± 4.78 (LFW), 22.18 ± 1.08 (RFL), 22.25 ± 1.07 (LFL). This shows that males have higher total foot length and width at all angles. The foot length of male subjects when compared with the data is highly correlated to each other at a value of 0.923. while the foot length for females showed the data to be highly correlated, with a value of 0.987. Significance for both was 99% and 95% respectively. Foot width for both male and female subjects was observed and the value of correlation obtained was 0.977 for females and 0.999 for males, with significance at P(0.01). This showed a high and positive correlation. The strong positive correlation implies that foot width is consistent between both feet in males and females within the Ijebu-Ode community. These findings are particularly useful in several ways which include Footwear design and orthopedic considerations, also this correlation could indirectly reflect the cultural practices within the Ijebu community, such as walking barefoot or specific types of footwear, which may contribute to the consistent development of these kinds of foot dimensions. 
Table 8 shows the prevalence of foot shape in both the left and right foot. In males, it showed that the Greek foot was the predominant foot shape in the right foot with 75% followed by Egyptian foot shape with 25%. On the left, the Greek foot shape was dominant (83%) followed by Egyptian 17%. In females’ Egyptian foot was predominant on the right with 62% and Greek followed with 38%, In the left foot it was seen that the Egyptian foot was predominant with 74% and it was accompanied by the Greek foot shape with 26%.
The results of this chi-square test indicate that foot shape distribution (Greek and Egyptian) is not equally distributed between males and females. There is a significant difference in the foot-shape types between the genders. This result is important for creating gender-specific shoe designs for the Ijebu-Ode community. The significant difference in foot shapes may also inform healthcare professionals when diagnosing or treating foot-related conditions, as certain foot shapes could predispose individuals to specific foot problems. The distinct distribution of foot shapes could also reflect cultural or lifestyle differences between males and females in the community, such as variations in activity levels, walking patterns, or traditional footwear usage.
Overall, this analysis enriches the body of anthropometric knowledge already available by providing a deeper understanding of foot morphological differences between genders, and more specifically in the Ijebu-Ode community for practical applications in healthcare, ergonomics, and cultural preservation.
The results of this chi-square test indicate that foot shape distribution (Greek and Egyptian) is not equal between males and females significantly. In orthopedic health, knowledge of common foot shapes can assist healthcare providers in identifying and managing orthopedic conditions more effectively (Nix et al., 2010).
Findings can be used to educate healthcare providers about the specific needs of the Ijebu community, leading to culturally sensitive and more effective healthcare delivery and implementing culturally sensitive care practices, such as using traditional remedies or incorporating the information into treatment plans.
The results of this study also hold significant implications for footwear designers, helping them understand the dominant foot shapes among the Ijebu people. This understanding will help footwear designers create shoes that provide a better fit thereby reducing issues such as blisters, calluses, and foot pain, and enhancing overall comfort and foot health (Rosenberg, 2017). Emphasizing traditional footwear that fits well can strengthen cultural identity and pride within the Ijebu community. Wearing culturally significant footwear that is comfortable and functional reinforces a connection to heritage (Falola & Genova, 2009). The limitations of this study included – Time, inadequate power supply, cultural and religious biases.

4. Conclusion

The study of foot shape prevalence in the Ijebu Ode community provides valuable insights into the morphological variations between male and female individuals of the community. Results indicate that males demonstrate larger values in foot width and length dimensions. Additionally, the prevalence of Greek foot shape (characterized by a longer second toe) is higher among males, whereas females predominantly exhibit the Egyptian foot shape (characterized by a longer big toe). Statistical analysis reveals a significant difference in foot dimensions between genders.
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