



EVALUATION OF CRANIAL CAPACITY, BRAIN WEIGHT AND BODY MASS INDEX OF IGBO STUDENTS IN UNIVERSITY OF PORT HARCOURT.


ABSTRACT
[bookmark: _Hlk193565074]Ethnicity, gender, age, environment and genes of a people, plays an important role in determining their craniofacial dimensions. This study was carried out to determine the mean values for the Height, Weight, Head length, Head width, Head height, Head circumference, Body mass index, Cephalic index, cranial capacity, Brain weight and Brain index of the Igbo students in University of Port Harcourt. The study also seeks to determine if there are sexual dimorphism and correlation between the cranial capacity and Head width. 378 Igbo Students participated in the study (182 males and 196 females) between the age of 18-40 years. The mean and standard deviation values of the male Igbos for  age, Height, Weight, Head length, Head width, Head height, Head circumference, BMI, Cephalic index, cranial capacity and Brain weight were: 27.22±7.65, 173.78 ±8.66cm, 65.49±10.16 kg, 18.01±0.89 cm, 14.3±0.95cm, 14.41±0.88cm, 56.71±2.55cm, 21.73±3.44kg/m2, 79.93±6.60%, 1412.7±111.1, 1462.2±115.0g and 2.29±0.39 while that of female Igbos were  25.83±5.65 , 167.32±9.17 cm, 60.73 ±11.11 kg, 17.68 ±0.76 cm, 14.07 ±0.76 cm, 13.97 ±1.05 cm, 56.3±31.74cm, 21.75±3.93kg/m2, 79.71±5.61%, 1313.8±128.8, 1359.8±133.3g and 2.31±0.45 respectively. It was observed that, the males had a significantly higher value than that of the females in the Height, Weight, Head length, Head width, Head height, cranial capacity and Brain weight (P<0.05). It was also observed that, there were no significant difference between the male and female values in the Head circumference, BMI and Cephalic index (P>0.05). The result in the present study showed a strong positive correlation between Igbo male Cranial Capacity and Head width(P<0.05). A linear regression equation for estimating cranial capacity from Head width for the Igbo students was established. The data will be useful to the Anatomist, anthropologist and the forensic scientist.
KEY WORDS: Body mass index, Brain Weight, Cranial Capacity, Igbo, Students. 
INTRODUCTION
Cephalometry is an aspect of anthropometry that is involve in the measurement of  the dimensions of head and face (Standring et al., 2005). Cranial Capacity is in close correlation with brain volume. According to Hwang et al.(1995), it can be influenced by ethnicity. Brain weight and Cranial capacity can be measured indirectly(Verdun & Bourdiol, 1962; Dekaban, 1977). The body mass index of the Anang ethnic group in Nigeria has been studied (Okoseimiema et al., 2016). They observed that, there were ethnic and racial differences, when comparing the physical dimensions of the body, These differences are as a result of geographical, ecological and biological factors such as age and sex (Farkas et al., 2005; Coon et al., 1950; Alvear & Brooke, 1978; Kumar & Reddy 2003; Montague 1942). The craniofacial dimensions of newborns in some parts of Iran have be considered(Golalipour & Heydari 2004; Golalipour et al., 2000, 2003, 2005a; Azizi, 1993).  The Cranial Capacity and Brain Weight of Arak (Central Iran) with other Subgroups of Iranian Population has been considered(Parvin and Ali, 2010). They concluded that, the manner of distribution of cranial capacity and brain weight between males and females in Iranian population was not affected by the differences in ethnicity or geographical features. The Prediction of Personal Stature from Cranial Dimensions in Sri Lankans have been studied(Ilayperuma, 2010). In the study, it was observed that, there was a positive correlations between all cranial dimensions and stature. A Linear regression model for the prediction of stature from the cranial dimensions for both sexes was established in the study. The body mass index and cranials capacity of  the Ukwuani People have been studied(Eboh et al.,2016). Cranial dimensions have been shown to be a reliable and precise means in predicting the stature in Italians (Introna et al., 1993), Japanese (Chiba & Terazawa, 1998), Indians (Patil & Modi, 2005; Krishan, 2007) and South African populations (Ryan & Bidmos, 2007). 
Despite the relevance of craniofacial measurements and body mass index, there is scarcity of literatures which combine several measured and calculated parameters such as: Height, Weight, Head length, Head width, Head height, Head circumference, Body Mass Index(BMI),  Cephalic index, cranial capacity, Brain weight and Brain index for the Igbo students in University of Port Harcourt. This is the driving force behind this research.  This research work was aimed at determining the mean cranial capacity, brain weight and BMI of adult Igbo students in University of Port Harcourt. The study also seeks to determine, if there is sexual dimorphism or ethnic difference when comparing the result in the present study and studies from previous authors. Finally, the study seeks to establish a linear regression equation for estimating cranial capacity from Head width for the Igbo students in University of Port Harcourt.




MATERIALS AND METHOD
Three hundred and seventy eight (378) Igbo Students participated in the study (182 males and 196 females) between the age of 18-40 years. The subjects were of the Igbo Ethnic Nationality. Both their parents, grandparents and great grandparents were of the Igbo ethnic group.  The subjects were either an undergraduate or postgraduate students. The research was conducted in University of Port Harcourt. A Spreading Caliper was used to measure the Cranial dimensions. A Weighing scale was used to measure the weight of the subjects. A Meter Rule and flexible inelastic tape was used to measure the height of the subjects. These measurements were recorded. The morphological measurements and the calculated parameters were:  
Height (Stature) was measured using a steel meter rule with the subject standing in an upright position with both hands by the side. The ruler was placed on top of the (persons head) vertex to indicate the upper margin. The distance between the vertex (v) and the floor is the height recorded in centimeter.
Body Weight (kg)  was measured using a weighing scale with respondents standing with bare feet (without shoes).
Body mass index (BMI) : The BMI was calculated from the formula below:
Body mass index  	( BMI) = weight(kg)/height 2 (m2).
Head Length (Cranial length) was measured as the linear distance between the glabella and the opisthocranion(Eboh et al.,2016).
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                                  Figure 1 Schematic diagram of  Head Length
Head width (Cranial width) was measured as the maximum biparietal diameter using a spreading caliper(Eboh et al.,2016).
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Figure 2 Schematic diagram of the measurement of width (B) of the cranium

Head Height (Cranial or Auricular height) was measured as the distance between the external acoustic meatus and the highest point of the vertex (Eboh et al.,2016).
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 Figure 3 Schematic diagram of the measurement of Head  Length (L) and Head Height (H) of the cranium  

The cranial circumference was measured from the distance above the eyebrows and ears and around the back of the head by a measuring tape.
Cranial (cephalic) Index (CI) was calculated from the formula bellow.
I. Cranial (cephalic) Index (CI) = [Cranial width/Cranial length] ×100.
Cranial capacity was calculated from the formula bellow.
Cranial capacity was calculated based on the following formulae bellow(Lee and Pearson, 1901): 
II. Cranial capacity (male)=0.000337(L-11) (B-11) (H-11) + 406.01.
III. Cranial capacity (female)=0.000400 (L-11) (B 11) (H-11) + 206.60.
Where H=Cranial Height, B=Cranial Width, L=Cranial Length. 
In the above formula all dimensions were given in millimeters. After calculating,
Brain Weight was calculated by multiplying the specific weight of brain (1.03) by Cranial Capacity.
 i.e brain weight = cranial capacity x 1.035. where 1.035 is the mass density of brain (Courchesne et al., 2000, Frontera 1958)
Brain Index was calculated as brain weight divide by  total weight of the body x 100                 

Inclusion Criteria for Data Collection
I. Subjects were between the age of 18 to 40years
II. Subjects must be either an undergraduate or a post graduate student in University of Port Harcourt.
III.  Subjects with 3 direct generation of both paternal and maternal lineage are from Igbo Ethnic group.
IV. Normal head, arm, femur or barefoot appearance 
Exclusion Criteria for Data Collection
I. Subjects outside Igbo ethnic group.
II. Individuals with recognized deformities of either head, arm, femur or bare foot were exempted from the study
III. Subjects whose  parents and grandparents were not from Igbo Etnic group were exempted.
PRECAUTIONS 
The following precautions were taken during the measurement
1. Measurement were taken on bare foot.
2. Each participant’s measurements were taken twice to obtain accurate results.
3. Individuals with recognized deformities of either arm, femur or bare foot were exempted from the study.
4. Subjects were between 18-40 years.
5. The subjects were indigenes of  Igbo ethnic group.
6. Also their parents and grandparents were from Igbo ethnic groups.

The data was  analyzed using a z test and P<0.05 was taken as statistically significant.


RESULTS AND ANALYSIS
[bookmark: _Hlk184102601] The result of the mean, standard deviation , minimum and maximum values of the age, Height, Weight, Head length, Head width, Head height, Head circumference, BMI, Cephalic index, cranial capacity, Brain weight and Brain index for male and females are shown in table 1. The mean and standard deviation values of the male Igbos for  age, Height, Weight, Head length, Head width, Head height, Head circumference, BMI, Cephalic index, cranial capacity and Brain weight were: 27.22±7.65, 173.78 ±8.66cm, 65.49±10.16 kg, 18.01±0.89 cm, 14.3±0.95cm, 14.41±0.88cm, 56.71±2.55cm, 21.73±3.44(kg/m2), 79.93±6.60%, 1412.7±111.1, 1462.2±115.0g and 2.29±0.39 while that of female Igbos were  25.83±5.65 , 167.32±9.17 cm, 60.73 ±11.11 kg, 17.68 ±0.76 cm, 14.07 ±0.76 cm, 13.97 ±1.05 cm, 56.3±31.74cm, 21.75±3.93kg/m2, 79.71±5.61%, 1313.8±128.8, 1359.8±133.3g and 2.31±0.45 respectively. It was observed that, the males had a significantly higher value than that of the females in the Height, Weight, Head length, Head width, Head height, cranial capacity and Brain weight (P<0.05). It was also observed that, there was no significant difference between the male and female values in the Head circumference, BMI and Cephalic index (P>0.05).
Figure 4 shows the correlation between Igbo male Cranial Capacity and Head width. It was observed that, there was a  positive correlation (P<0.05).
Figure 5 shows the correlation between Igbo male Cranial Capacity and Head Height. It was observed that, there was a  positive correlation (P<0.05).
Figure 6 shows the correlation between Igbo male BMI and Weight. It was observed that, there was a strong positive correlation (P<0.05).
Figure 7 shows the correlation between Igbo male Brain Weight and Brain Index. It was observed that, there was a  positive correlation (P<0.05).
Figure 8 shows the correlation between Igbo male Cranial capacity and Brain Weight. It was observed that, there was a perfect correlation (P<0.05).
Figure 9 shows the correlation between Igbo female Cranial Capacity and Head Height. It was observed that, there was a  positive correlation (P<0.05).
Figure 10 shows the correlation between Igbo female Cranial Capacity and Head width. It was observed that, there was a strong positive correlation (P<0.05).
Figure 11 shows the correlation between Igbo female BMI and Weight. It was observed that, there was a strong positive correlation (P<0.05).
Figure 12 shows the correlation between Igbo female Cranial capacity and Brain Weight. It was observed that, there was a perfect correlation (P<0.05).
Table 2: Showed the linear regression equation for predicting measured Igbo male and female parameters.
Table 3 compared the measured and calculated parameters in the present study and that of studies from previous authors in other countries. It was observed that, there were ethnic differences in the results.

Table 1 Mean, Standard deviation, minimum and maximum values for  Igbo male and female parameters
	 Parameters

	Male [N = 182]
	Female [N = 196]

	
	Min
	Max
	Mean±SD
	Min
	Max
	Mean±SD

	Age (years)
	18.00
	40.00
	27.22±7.65
	18.00
	40.00
	25.83±5.65

	Height (cm)
	146.00
	194.00
	173.78 ±8.66
	137.0
	186.5
	167.32±9.17

	Weight (kg)
	46.00
	91.00
	65.49±10.16
	40.00
	104.0
	60.73 ±11.11

	Head length (cm)
	15.00
	20.00
	18.01±0.89
	16.00
	20.00
	17.68 ±0.76

	Head width (cm)
	12.50
	19.00
	14.3±0.95
	12.50
	16.00
	14.07 ±0.76

	Head height (cm)
	12.50
	17.00
	14.41±0.88
	12.00
	18.00
	13.97 ±1.05

	Head circumference (cm)
	48.00
	68.50
	56.71±2.55
	49.00
	63.00
	56.3±31.74

	BMI(kg/m2)
	   15.43
	34.56
	21.73±3.44
	14.34
	35.23
	21.75±3.93

	Cephalic index(%)
	65.00
	111.76
	79.93±6.60
	64.97
	95.24
	79.71±5.61

	Cranial Capacity CC
	1145.4
	1691.3
	1412.7±111.1
	1031.6
	1727.5
	1313.8±128.8

	Brain weight (g)
	1185.5
	1750.5
	1462.2±115.0
	1067.7
	1788.0
	1359.8±133.3

	Brain index
	1.38
	3.39
	2.29±0.39
	1.29
	3.46
	2.31±0.45


N = Number of Subjects; Min = Minimum; Max = Maximum; SD = Standard deviation, CC= Cranial Capacity, BMI= Body Mass index (P<0.05)
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Figure 4: Pearson correlation of Igbo male Cranial Capacity(CC) and Head width (mm) r= 0.675
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Figure 5: Pearson correlation of Igbo male Cranial Capacity(CC) and Head Height (mm) r= 0.584
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Figure 6: Pearson correlation of  Igbo male BMI and Weight (kg) r= 0.775
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Figure 7: Pearson correlation of Igbo male Brain Weight (g) and Brain Index r= 0.428
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Figure 8: Pearson correlation of Igbo male Cranial Capacity(CC) and Brain Weight (g) r= 1.000
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Figure 9: Pearson correlation of  Igbo female Cranial Capacity(CC)  and Head Height (mm) r = 0.784
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Figure 10: Pearson correlation of Igbo female Cranial Capacity(CC) and Head width (mm) r= 0.607
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Figure 11: Pearson correlation of Igbo female BMI and Weight kg r= 0.792
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Figure 12: Pearson correlation of Igbo female Cranial Capacity(CC)  and Brain Weight (g)  r= 1.000



Table 2: linear regression equation for predicting measured Igbo male and female variables 
	Igbo
	Variables
	Equation
	R

	
	
	
	

	Male
	Head  height
	CC= 354+7.34HH
	0.584

	
	Brain index
	CC=1134+122BI
	0.428

	
	Weight
	BMI=4.54+0.262W
	0.775

	
	
	
	

	Female
	Head  width
	CC= -128+10.3HW
	0.607

	
	Head height
	CC= -24.5+9.58HH
	0.784

	
	Brain weight
	CC= -0.0022+1.04BW
	1.00


[bookmark: _Hlk193566720]Key: CC=  cranial capacity, HH= Head  height, BI=Brain index, W= Weight, HW= Head  width, BMI =Body Mass index, HW= Head  width, BW= Brain weight.



Table 3 Comparing measured and calculated parameters in the present study with previous studies from other countries.
	Authors
	
	
	
	

	
	Population
	Division
	Head length 
	Head width
	Auricular height
	
Cranial Capacity(CC)
	Brain Weight (g)
	BMI
(kg/ m2)

	Eboh et al., (2016)
	Ukwuani
	Male
	190.44±5.15 (mm)
	144.44±5.02(mm)
	141.78±5.17 (mm)
	1460.31±93
	
	

	
	
	Female
	183.17± 6.40(mm)
	140.05±5.14mm)
	139.23± 6.44(mm)
	1348
	
	

	
	
	
	
	
	
	
	
	

	Masayoshi and kunihiko (1995)
	Japanese
	Male 
	184.3±10.0(mm)
	156.1±56.9(mm)
	132.7±8.9(mm)
	

	
	


	
	
	Female
	173.1±10.4(mm)
	143.7±6.7(mm)
	121.5±9.7(mm)
	
	
	

	
	
	
	
	
	
	
	
	

	Ilayperuma et al (2010)
	Sri Lanka
	Male
	180±11.2 (mm)
	140± 10.66(mm)
	141.10± 9(mm)
	
	
	

	
	
	Female
	171±92(mm)
	136.15±11.02(mm)
	135.38±12.16(mm)
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Present Study
(Igbo)
	Nigeria
	Male
	180.1 (mm)
	143.6 (mm)
	144.1 (mm)
	
1412.7 
	1487.1 92.1
	
21.73 3.44

	
	
	Female
	176.8 7.6(mm)
	140.7 (mm)
	139.7 (mm)
	1313.8 128.8
	1359.8
	21.75  

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	





DISCUSSION
Anthropometric characteristic features for different race are best defined in the skull (Krishan, 2007). As a result, cranial dimensions constitute one of the most important characters for determining the racial differences (Hwang et al.1995; Manjunath, 2002b; Krishan, 2007). Variety of non-metric and metric parameters has been utilized in the assessment of ethnic and gender differences in cranio-facial morphology. The non-metric parameters are subjective as no quantitative techniques are devised. On the other hand, features that can be expressed as actual measurements, like cranial dimensions, provide more objective racial and gender diversity assessment of the crania (Krishan, 2007). Diverse craniometric approaches have been utilized to estimate the cranial dimensions either on dry skulls or living subjects (Manjunath, 2002b). Cephalometry is reliable, relatively easy and quick to apply. It is taken to be the most versatile technique in the investigations of the craniofacial skeleton (McIntyre and Mossey, 2003; Vojdani et al., 2009). The head circumference of the Japanese people have been studied(Masayoshi and Kunihiko, 1995). It was observed that the mean values for males were 566.1mm and 530.6mm for females. In the present study,  the head circumference of the Igbo male students was 567.1mm and 563mm for Igbo females. The  result of the Igbo females head circumference was higher than that of the Japanese females. Anupam, (2009) conducted a research on Indian population and observed that, the males were Brachycephalic while the females were hyperbrachicephalic. This is not in line with the result in the present study. In the present study, It was observed that, the Igbo students were Mesocephalic.  
The head length, auricular height, head width and the cranial capacity of the Japanese People,  Ukwuani people, and the Sri Lanka people has been studied( Eboh et al., 2016; Masayoshi and Kunihiko 1995; Ilayperuma et al., 2010) . It was observed that males had higher values than females  in all the measured parameters. This is in line with the result in the present study. The males in the present study had higher values in the head length, head width, auricular height and the cranial capacity and weight. When comparing the result in the present study with that of previous studies, it was observed that, there were ethnic variation in the measured parameters The mean head length value for the male Igbo students were lower than that of the result reported for the male Ukwuani people and the Japanese males (Eboh et al., 2016; Masayoshi and Kunihiko, 1995). The result of the head length and auricular height for the Igbo Females in the present study was higher than that of the Sri Lanka and Japanese Females (Ilayperuma et al., 2010; Masayoshi and Kunihiko, 1995).  The cranial Capacity of the Male and Female Igbo students were lower than that of the Ukwuani males and females. In a study conducted by Ilayperuma, (2010) it was observed that, there was a positive correlation between all cranial dimensions and stature. In the present study, it was observed that, there was a positive correlation between cranial capacity and brain weight. A linear regression model for the estimation of cranial capacity from the head width, head length and brain weight were established in the present study. The regression formulae derived in this study will be of potential use in clinical and anthropological studies. The body mass index of the Annang ethnic group in Akwa-Ibom have been studied(Okoseimiema et al.,2016). They observed that there was a positive correlation between the body mass index of the Annang people and their body weight. In the present study, there was a positive correlation between the body mass index of the Igbo students and their body weight.
CONCLUSION
Knowledge of craniofacial anthropometry is very relevant for medico-legal reasons. This study has provided reference data for the values for the Height, Weight, Head length, Head width, Head height, Head circumference, BMI, Cephalic index, cranial capacity, Brain weight and Head circumference, BMI and Cephalic index for Igbo students in University of Port Harcourt. The data will be useful to the Anatomist, anthropologist and the forensic scientist. 
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