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ABSTRACT 

	
Aims: The purpose of the study was to establish normative values of cranial, ear, mouth and lip vermilion height of Igbos in Enugu, and to explore the morphometric correlations among them.
Study design:  This was a descriptive cross-sectional study of adult Igbos resident in Enugu metropolis, a major town in Southeastern Nigeria, using cluster sampling.
Place and Duration of Study: Sample population was from selected tertiary institutions, State government ministries and the association of civil servant retirees of Enugu, Nigeria, and it lasted for a period of one year.
Methodology: The study had 312 participants. The measurements taken were height, weight, body-mass index, head circumference. maximum cranial length, maximum cranial width, ear length and width, mouth width, upper vermilion and lower vermilion heights.
Results: The participants in the study were 186 females and 126 males, and were between the ages of 20 and 69ys, with a mean age of 37.05 ± 15.83. The mean cephalic index was 80.96±3.73, with a range of 72.45 to 93.14. The most common head types were brachycephalic and mesocephalic. Maximum cranial length had correlations with ear length (p=.004), ear width (p=.011) and mouth width (p=.023). Maximum cranial width had correlations with mouth width (p=.003), while the cephalic index had correlations with ear length (p=.040). The ear length had correlations with mouth width (p=.000) and upper lip vermilion height (p = .002). The mouth width also had significant correlations with all parameters in this study, apart from cephalic index.
[bookmark: _GoBack]Conclusion: There was predominance of brachycephalic and mesocephalic head types among adult Igbos in Enugu. The mouth width had significant correlations with all the parameters in this study apart from cephalic index. There were other notable correlations, and these findings demonstrate unique patterns and the interrelated nature of craniofacial structures.
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1. INTRODUCTION 

The aesthetic impact of the craniofacial region is dependent on the shape of the head, the facial type, and also on the positions, relationships and symmetry of facial structures. The shape of the head is classified based on its cephalic index, and it exhibits ethnic and racial variations and peculiarities that are useful in clinical practice, forensic studies and human anthropology (Murniati et al., 2020; Ilayperuma, 2011). The knowledge about cephalic index is applied in the planning and postoperative evaluation of craniosynostosis and the surgical management of other craniofacial anomalies (Frostell et al., 2021). Moreso, it has also been reported that cephalic index has a significant relationship with parietal bone thickness (de Souza Fernandes et al., 2011).
Data on facial anthropometry such as mouth width, lip vermilion height, ear length and width is essential in plastic and reconstructive surgery of the face, maxillofacial surgery, and forensic identification of humans. These facial structures and other parts of the body have been noted to have distinct relationships with other structures respectively (Kumar, 2022). The ear size, shape and position contribute to facial identity and the impression it makes on others (Japatti et al., 2018). Data from population-specific ear and cephalic dimensions is important in the manufacturing of materials like headphones and helmet (Fu & Luximon, 2020). Lip vermilion height of a race or ethnic group should be considered while doing procedures like lip enhancement with lipofilling and dermal fillers (Winiarska et al., 2025). 
Igbo ethnic group is one of the major ethnic groups in Nigeria that predominantly live in the Southeastern Nigeria, and Enugu used to be the capital of the whole Southeastern region.   The Igbos have a large population and reside in different parts of the world, but there is paucity of data on the relationships or correlations of cephalic dimensions and other facial structures like the ear and the lip. Understanding the relationships between cephalic and facial measurements would be useful in the forensic investigations and the planning and post-operative evaluation of relevant craniofacial surgeries. There may be correlations that exist among the cephalic dimensions and dimensions of the facial structures. The purpose of the study was to establish normative values of the cephalic, ear, mouth width and lip vermilion height of Igbos in Enugu, and to explore the morphometric correlations among them. This is to contribute to the population-specific anthropometric reference values for clinical, aesthetic and forensic applications.

2. material and methods

2.1.	Study Design and Sample Size
This was a descriptive cross-sectional study of adult Igbo men and women resident in Enugu metropolis, a major town in Southeastern region of Nigeria. Enugu metropolis has a population of about 722,664 inhabitants (National Population Commission, 2006) and adults constitute approximately 50% of this number. 
A cluster sampling technique was used in selecting participants for the study. The sample size was calculated using Bourley’s technique (Cochran, 1977). The calculated sample size was 200, but 312 participants between the ages of 20 and 69 were recruited for the study. The clusters used in the study were selected tertiary institutions, staff and visitors of an Enugu State Government ministry and the association of civil servant retirees of Enugu State. 
2.2.	Inclusion and Exclusion Criteria
The inclusion criteria: Adult Igbos with parents and grandparents that were Igbos. Individuals who gave consent for the study. 
Exclusion criteria include subjects with any obvious or apparent congenital craniofacial anomaly, those with scars from major injuries or surgeries in the craniofacial region, those with hair styles that could affect measurements, and those with distorted ear lobes (including those caused by large ear rings).
2.4.	Anthropometric Measurements and Data Collection
The measurements were taken with the subjects standing erect or sitting down with the head in anatomical position. A stadiometer was used in measuring the height and weight, with the subject barefooted. A non-stretchable tape was used in measuring the head circumference from a point above the glabella of the frontal bone, round the occipital protuberance and back to the starting point. The Maximum cranial length was measured from the opisthocranium, along the median plane of the head to the glabella using standardized spreading calipers (Khan et al., 2015).  The glabella is the most anterior aspect of the midpoint of the head on the fronto-orbital soft tissue contour, while the opisthocranium is the most posterior point of the occipital part of the head. The maximum cranial width was measured across the most lateral points of the cranium, from the right parietal bone to the left one (Khan et al., 2015). This was done without exerting much pressure on the skin while using the calipers. 
The cephalic index for each subject was computed using the formula: Cephalic index= maximum cranial width divided by maximum cranial length, multiplied by 100. Using the cephalic index, the shape of the head was classified into hyper-dolichocephalic (very long head) for those with indices that fell between 65.0 - 69.9, dolichocephalic (long head): 70.0 - 74.9, mesocephalic (medium or moderate head): 75.0 - 79.9, brachycephalic (Short head): 80.0 - 84.9, hyper-brachycephalic (very short broad head): 85.0 - 89.9, and ultrabrachycephalic when the cephalic index was equal or greater than 90.0 (Kumari et al., 2015). 
The length of the ear was measured from the supraurale to the subaurale of each ear. The supraurale is the highest point on free margin of the external ear, while the subaurale is the lowest point on the free margin of the external ear. The width of the ear was measured from the preaurale to the postaurale for each ear (Japatti et al., 2018). The preaurale is the most anterior point of the pinna which is located at the level of the attachment of the helix to the head, while the postaurale is the most posterior point on the posterior margin of the pinna.
The width of the mouth was measured as the distance between the points located at each lateral commissure of the mouth; and the point on each side is known as the cheilion. The height of the upper lip vermillion was measured along the midline between the labiale superius and the stomium. The labiale superius is at the midpoint of mucocutaneous border of the upper lip. The height of the lower lip vermillion was similarly measured from the stomium to the labiale inferius, the midpoint on the mucocutaneous border of the lower lip.
2.5.	Data Entry and Analysis
Each parameter was measured a minimum of two times, using a spreading caliper for the cephalic dimensions and digital Vernier’s calipers for the facial structures, and the average values were recorded. The data collected was recorded and analyzed using IBM SPSS Statistics version 25. The data was expressed in means and standard deviation. The correlation between the cephalic parameters and the parameters of the ear, mouth and lip were evaluated. The correlations between each cephalic/facial parameter and gender, height, weight and body mass index were also evaluated using Pearson’s correlation coefficient “r”. The p values of less than .05 were considered statistically significant.
 

3. RESULTS
[bookmark: _Hlk213011640]A total of 312 Igbos were recruited for the study during a one-year study period, 186 of them were women and 126 were men. They were between the ages of 20 and 69 yrs, and the mean age was 37.05 ± 15.83 yrs. 
The mean cephalic index for Igbos in Enugu was 80.87 ± 3.07 for males and 81.01 ± 4.13 for females, but the minimum cephalic index was 72.45 and the maximum was 93.14. The mean maximum cranial length was 189.59 ± 7.08mm and the maximum cranial width was 153.34 ± 6.23mm – Table 1. The mean head circumference of the Igbos was 57.23 ± 1.31cm. The mean head circumference of the men was significantly higher than those of the females in all the age groups except the 20-29 years group. There was no significant difference in the cephalic index of males and females in all the age groups. In the 30-39 years and 40-49 years groups, both the maximum cranial length and maximum cranial width were significantly higher in men.

Table 1: Cephalic dimensions of adult Igbos by age group
	Age yrs

	Head Circumference
Cm
	Max Cranial
Length
(mm)
	Max Cranial
Width
(mm)
	Cephalic Index


	
	Mean
	Std. 
Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.

	20-29
	57.26
	1.62
	189.49
	7.24
	153.26
	6.70
	80.97
	4.08

	30-39
	57.64
	0.82
	189.29
	4.65
	153.91
	5.66
	81.34
	3.06

	40-49
	57.12
	1.17
	190.87
	6.36
	153.15
	7.20
	80.26
	3.27

	50-59 
	57.02
	0.60
	189.35
	7.97
	153.93
	4.91
	81.41
	3.77

	60-69 
	56.97
	1.18
	189.06
	8.75
	152.50
	5.20
	80.78
	3.64

	Total
	57.23
	1.31
	189.59
	7.08
	153.34
	6.23
	80.96
	3.73



Majority of the population of this present study had brachycephalic and mesocephalic heads. The predominant head shape was brachycephalic for both men and women – Figure 1. The proportion of women with mesocephalic head was relatively high, compared to the men with mesocephalic head – Figure 1. There were still a few men and women who had dolichocephalic and ultrabrachycephalic heads. 



Figure 1: The distribution of cephalic index-based head shape among adult Igbos.

The mean ear length for the Igbo population was 59.31 ± 4.21 mm, while the ear width was 34.91± 2.57mm. The mean mouth width of Igbo adults was 52.88 ± 3.42 mm – table 2. The ear length was longer than the mouth width in all the age groups respectively. The lower lip vermillion was thicker than the upper lip vermillion in all the age groups respectively. While the mean height of the upper lip vermillion was 11.62 ± 2.07 mm, that of the lower lip was 13.35 ± 1.94 mm – table 2.

Table 2: The ear length and width, mouth width, upper lip height and lower lip height by age.
	Age 
(yrs)
	Ear Length
(mm)
	Ear Width
(mm)
	Mouth Width
(mm)
	Upper lip
Height
(mm)
	lower lip
Height
(mm)

	
	
Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	20-29 
	57.29
	3.62
	34.18
	2.23
	52.33
	3.68
	12.20
	1.78
	13.57
	1.82

	30-39 
	58.73
	3.02
	33.72
	2.37
	52.15
	3.05
	12.45
	2.20
	14.18
	1.69

	40-49 
	61.69
	3.32
	36.07
	2.74
	53.85
	3.14
	11.01
	1.76
	13.06
	1.93

	50-59 
	60.87
	3.88
	36.40
	2.54
	52.53
	2.75
	11.13
	1.73
	13.08
	1.87

	60-69 
	63.13
	5.06
	35.99
	2.17
	55.10
	2.79
	9.64
	2.07
	12.11
	2.15

	Total
	59.31
	4.31
	34.91
	2.57
	52.88
	3.42
	11.62
	2.07
	13.35
	1.94




There was sexual dimorphism in ear width (p = .000) and ear length (p – .001), the width of the mouth (p – .000), head circumference (p = .000), and in the maximum cranial length (p = .015) see table 3. There was no sexual dimorphism in maximum cranial width (p = .065), cephalic index (p = .773), the upper lip vermilion (p = .669) and lower lip vermilion heights (p = .237)

Table 3: The ear, mouth, lip and cephalic parameters by sex
	Variables
	Male
	Female
	

	
	Mean
	Std. 
Dev.
	Mean
	Std. 
Dev.
	p Value

	Width of Ear (mm)
	36.26
	2.36
	33.99
	2.30
	.000**

	Length of Ear (mm)
	60.33
	4.68
	58.62
	3.90
	.001**

	Width of Mouth (mm)
	54.29
	3.25
	51.92
	3.20
	.000**

	Height of Upper lip vermilion (mm)
	11.56
	2.50
	11.65
	1.72
	.669

	Height of lower lip vermilion (mm)
	13.19
	2.17
	13.46
	1.76
	.237

	Head Circumference (cm)
	57.59
	1.38
	56.99
	1.21
	.000**

	Max Cranial Length (mm)
	190.78
	7.74
	188.79
	6.50
	.015*

	Max Cranial Width (mm)
	154.13
	5.44
	152.81
	6.68
	0.065

	Cephalic Index
	80.87
	3.07
	81.01
	4.13
	0.773


** p value is significant at the .01 level.
* p value is significant at the .05 level.

Cephalic index had significant negative correlation with ear length (p - .040) – table 4. It also had negative correlations with ear width and lower lip height, but these were not significant. Maximum cranial length had significant positive correlations with mouth width (p = .023), ear length (p = .004) and ear width (p = .011) – table 4.

Table 4: Correlation of cephalic parameters with mouth width, lip height and external ear dimensions
	Variable
	
	Mouth Width
(mm)
	Upper lip Height
(mm)
	Lower lip Height
(mm)
	Ear Length (mm)
	Ear Width (mm)

	Cephalic Index
	Pearson Correlation
	0.046
	0.043
	-0.004
	-0.116*
	-0.091

	
	Sig. (2-tailed)
	.417
	.449
	.942
	.040
	.108

	Max Cranial Length (mm)
	Pearson Correlation
	0.129*
	-0.064
	0.039
	0.164**
	0.145*

	
	Sig. (2-tailed)
	.023
	.260
	.497
	.004
	.011

	Max Cranial Width (mm)
	Pearson Correlation
	0.168**
	-0.008
	0.036
	0.020
	0.029

	
	Sig. (2-tailed)
	.003
	.886
	.526
	.722
	.611


**Correlation is significant at the .01 level.
*Correlation is significant at the .05 level.
The ear length had significant positive correlation with mouth width (p = .000) – table 5. However, it had significant negative correlations with upper lip vermillion height (p = .002), and lower lip vermillion height (p = .160), but the later was not significant – table 5. The ear width also had significant positive correlation with the mouth width. The correlations of ear width with the upper lip and lower lip vermilion helghts were negative and not significant – table 5.

Table 5: Correlations among ear dimensions, mouth width and lip vermilions
	[bookmark: _Hlk212237133][bookmark: _Hlk212547327]Variable
	
	Mouth Width (mm)
	Upper lip Height (mm)
	Lower lip Height (mm)

	Ear Length
	Pearson Correlation
	0.209**
	-0.017**
	-0.080

	
	Sig. (2-tailed)
	.000
	.002
	.160

	Ear Width
	Pearson Correlation
	0.021**
	-0.026
	-0.005

	
	Sig. (2-tailed)
	.000
	.651
	.931


[bookmark: _Hlk212671821][bookmark: _Hlk213071610]**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

There were significant correlations between sex and head circumference (p = .000), maximum cranial length (p = .015), ear width (p = .000), ear length (p = .001), mouth width (.000) and upper lip height, respectively (table 6). Body stature (height) had significant correlations with head circumference (p = .000), maximum cranial length (p = .006), maximum cranial width (p = .001), ear width (p = .000), mouth width (p = .000) and upper lip height (p = .000) – table 6. Body weight showed significant correlations with maximum cranial length (p = .011), maximum cranial width (p = .004), ear width (p = .002), ear length (p = .000) and mouth width (p = .000). BMI had significant correlations with only ear length (p = .000) and mouth width (p = .035) – see table 6.

Table 6: Pearson Correlation coefficients of the variables with age, height, weight and body mass index
	Variable
	
	SEX
	Height
(cm)
	Weight
(kg)
	BMI
(kg/m2)

	
	No.
	r
	p 
Value
	r
	p 
Value
	r
	p 
Value
	r
	p 
Value

	Head Circumference (cm)
	312
	-0.225
	.000**
	0.234
	.000**
	0.097
	.087
	-0.031
	.583

	Max Cranial Length (mm)
	312
	-0.138
	.015*
	0.155
	.006**
	0.144
	.011*
	0.066
	.246

	Max Cranial Width (mm)
	312
	-0.105
	.065
	0.187
	.001**
	0.162
	.004**
	0.082
	.149

	Cephalic Index
	312
	0.019
	.733
	0.037
	.514
	0.020
	.720
	0.014
	.802

	Ear Width
	312
	-0.433
	.000**
	0.258
	.000**
	0.177
	.002**
	0.067
	.236

	Ear Length
	312
	-0.194
	.001**
	0.083
	.143
	0.406
	.000**
	0.336
	.000**

	Mouth Width (mm)
	312
	-0.341
	.000**
	0.236
	.000**
	0.230
	.000**
	0.119
	.035*

	Upper lip Height (mm)
	312
	0.026
	.653
	0.218
	.000**
	-0.027
	.639
	-0.105
	.065

	Lower lip Height (mm)
	312
	0.093
	.100
	0.045
	.428
	0.093
	.101
	0.077
	.174



**. Correlation is significant at the .01 level.
*. Correlation is significant at the .05 level.


4. DISCUSSIONS
This study provides normal anthropometric measurements on the cephalic index, ear dimensions and lip measurements among adult Igbos residing in Enugu, Nigeria. The mean cephalic index reported in this study was 80.96. This was similar to the report of Obaje and Uzomba (2018) who gave the mean cephalic index of Igbo males to be 79.49 and females 79.24. It differed from the report of Amadi et al. (2021) where the cephalic index of Igbos residing in Rivers State Nigeria had a mean of 87.21.  It is however important to point out that it is better to look at the distribution of the head shapes that is based on cephalic indices instead of defining a population by the overall mean cephalic index. In the present study, brachycephalic head (157, 50.3%) was the commonest in the population, followed by mesocephalic head that comprise 31.7% (99) and hyperbrachycephalic 9.6% (30) of the sample population. The predominant head shape of a population could be influenced by genetic factors, intertribal marriages and interracial marriages, and environmental factors (Thomas and Rajan, 2021; Madadi et al., 2019), though the details of how these factors interplay in determining the head shape have not been fully established.
Maximum cranial length exhibited sexual dimorphism (p = .015), while cephalic index (p = .773) and maximum cranial width (p = .065) did not. In this study, the cephalic index in females was higher than that of the males, and this was similar to the findings in similar study (Adhikari et al., 2024). Maximum cranial length also had significant correlations with ear length (r = 0.164, p = .004) and width (r = 0.145, p =.011), as well as mouth width (r = 0.129 p = .023). Maximum cranial width had significant correlations with mouth width (r = 0.168, p = .003), while for cephalic index had significant negative correlation with only the ear length (r = -0.116, p = .040).
In the present study, both ear length and width demonstrated sexual dimorphism. This finding was similar to the report of other studies among Igbos, and other major tribes in Nigeria, such as Yorubas and Hausas (Fakorede et al., 2021; Edibamode et al., 2018). Sexual dimorphism of the ear has also been reported in many racial groups as well (Japatti et al., 2018). Besides, the ear length also showed significant positive correlation with mouth width (r = 0.209, p =.000) and negative correlation with upper lip vermilion height (r = -0.017, p = .002). Moreso, there were significant correlations between ear length and body weight, as well as BMI. However, for ear width, there were significant correlations with mouth width (r = 0.021, p = .000), body stature and body weight respectively. This is similar to the findings of Obaje & Nwankwo (2020) who reported significant correlations between ear dimensions and body stature. External ear dimensions are applied in otoplasty and auricular reconstruction to produce outcomes that fit into the population-specific expectations. 
The mouth width for males in the present study was 54.29 ± 3.25mm and for females it was 51.92 ± 3.20mm. The values were lower than those reported by Fewehinmi et al. (2023), where males had mouth width of 66. 4 ± 0.07mm and females 65.4 ± 0.071mm. The difference between them could be due to the difference in their age ranges, since the present study included adults in the middle-age and elderly, while the other study had an age range of 18 - 41 years. Mouth width had significant correlations with all parameters in this study apart from cephalic index. It also exhibited strong sexual dimorphism (p = .000) similar to the reports of previous studies (Uche et al., 2020; Dharap et al., 2013). Its correlations with both ear length and width were significant. It also had significant correlations with body height, body weight and BMI.
The mean upper lip vermilion height was 11.6 ±2.1mm and lower lip height was 13.7±1.9mm. These were more than the values for Yoruba people with upper lip vermilion that was 10.0 ± 2.7mm and lower lip 12.0 ± 7.0mm (Akinolu et al., 2024). Eziyi et al. (2021) reported 11.14 ± 0.24mm and 12.24 ± 0.11mm for upper and lower lip vermilion heights respectively. The upper and lower lip vermilion heights were unique in not showing many significant correlations with other parameters in the present study, and this was especially so for the lower lip vermilion. There was no sexual dimorphism in both. The lower lip vermilion height had no significant correlation with cephalic index, maximum cranial length and maximum cranial width. It also had none with the ear dimensions, body height, body weight and body mass index. The upper lip vermilion height differed in having significant positive correlations with the ear length and body weight. These findings serve as important guides in lip augmentation procedures that are gradually becoming popular in advance climes (Hasibuan et al., 2024).
The morphometric correlations shown in this study have practical applications in Plastic and Reconstructive Surgery, where racial or population-specific data is used in the planning of cranial procedures, cleft lip repair, auricular reconstructions and cosmetic interventions in the lip vermilion. This knowledge is also utilized in the cephalometric analysis by Oral and Maxillofacial surgeons, in personal identification systems in forensic investigations, as well as in anthropological studies. It is essential in the study of racial and tribal origins, their differences and morphological patterns or trends.

4. Conclusion

This study provides reference anthropometric values on cephalic parameters, ear, mouth and lip dimensions among adult Igbos residing in Enugu. There was predominance of brachycephalic and mesocephalic head types among adult Igbos. The ear length was noted to be consistently longer than the mouth width.
The mouth width had significant correlations with all the parameters in this study apart from cephalic index, while the ear length had significant correlations with mouth width and upper lip vermilion height. The findings in this study demonstrate unique patterns and interrelated nature of craniofacial structures that could be utilized in surgeries in the craniofacial region, as well as in forensic and anthropological studies.
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