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INTRODUCTION
Head form has been of major interest to human biologists and 

anthropologists since Anders Retzius (1796–1860), a Swedish  

professor of  anatomy,  developed the cephalic index (CI) as 

a method of describing head shape in 1842.(1) The CI, which 

is derived by dividing maximum head breadth (eu-eu) by  

maximum head length (g-op) and multiplying the result by  

100, gives the ratio of head breadth to head length. It is  

widely used not only to categorise human populations, but  

also to describe an individual’s appearance and estimate  

the age of  fetuses  for legal and obstetrical purposes.(2) CI  

is also used in the investigation of normal brain development  

in children.(3) A previous study by Asha et al reported that  

three variables – CI, index of head size and morphological  

upper facial index – could accurately classify patients  

with Down syndrome.(4) Head form presumably reflects an  

aspect of brain size, i.e. the longest head length defining  

the greatest anterior-posterior diameter of the brain case  

and the widest head breadth representing the greatest  

transverse diameter of the brain case. If the brain case is  

short but relatively broader, the head is considered brachy- 

cephalic (round-headed), and if the brain case is long but  

relatively narrower, the head is deemed to be dolichocephalic  

(long-headed). An increase in CI indicates a tendency toward  

round-headedness.

	 In the last century, many researchers have used CI to 

describe the characteristics of head forms in different races all 

over the world.(5-14) In Japan, Suzuki reported the protohistoric 

Japanese population as long-headed and broad-faced with  

strong prognathism.(15) Subsequent researchers have also 

published studies on the CI of the Japanese.(16-23) More recently, 

researchers, such as Hossain et al(23,24) and Kouchi,(25) have  

studied secular changes in CI over time, attributing the increase  

in CI in the Japanese to an increase in head breadth.(23-25) More 

recently, Hossain et al have reported that the best predictor 

dimensions for face form among adult female Japanese 

students were head length (g-op), head circumference (g-g),  

head breadth (eu-eu), minimum frontal breadth (ft-ft) and  

head height (v-po).(26) This suggests that factors that contribute  

to changes in the anthropometric measurements of a population 

can be expected to influence the size and shape of the head 

of individuals in that population. However, information on the 

association between changes in general physical form and 

head form is still lacking. The aim of the present study was  

to investigate the relationship between anthropometric  

characteristics and the CI of adult male Japanese students. 
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METHODS
Cross-sectional data was collected from 1,215 healthy male 

Japanese students from several universities in Tokyo and  

Kyoto from 1998 to 2001. All the subjects were of Japanese  

birth and ancestry, with representation from various districts  

of Japan. The age of the subjects at the time of measurement  

was 18–25 years (average 19.29 ± 0.98 years). Nine craniofacial 

measurements were taken: head length (g-op), head breadth  

(eu-eu), head height (v-po), head circumference (g-g), minimum 

frontal breadth (ft-ft), bizygomatic breadth (zy-zy), bigonial 

breadth (go-go), and morphological facial height (n-gn)  

(Table I). Stature and body weight were also measured. All the  

measurements were taken by one observer, using the technique  

described by Martin and Saller.(27) The CI was calculated from  

head breadth (eu-eu) and head length (g-op) as:

	 The sample used in the present study was divided into 

six groups according to head size: (i) hyperdolichocephalic  

(CI ≤ 71.99); (ii) dolichocephalic (72.00 ≤ CI ≤ 76.99); (iii) 

mesocephalic (77.00 ≤ CI ≤ 81.99); (iv) brachycephalic (82.00 ≤  

CI ≤ 86.49); (v) hyperbrachycephalic (86.50 ≤ CI ≤ 91.99);  

and (vi) ultrabrachycephalic (CI ≥ 92.00) (Table II). The sample 

was also divided into two larger groups – round-headedness  

(CI ≥ 82.00) and long-headedness (CI ≤ 81.99). 

	 To examine the average relationship between CI and  

craniofacial measurements, multiple regression analysis was 

utilised. The underlying multiple linear regression model 

corresponding to each variable was as follows:

where Y is the response variable (CI); Xi (i = 1, 2, 3, …, k) values 

are the predictor variables (anthropometric measurements); 

β0 is the intercept term; β1, β2, …, βk are unknown regression  

coefficients; and ℇ is the error term with a N(0, σ2) distribution.

	 In multiple regression analysis, an important assumption is 

that the explanatory variables are independent of each other,  

i.e. there is no relationship between the explanatory variables  

used to estimate ordinary least squares. However, in some 

applications of regression, the explanatory variables are, in 

fact, related to each other. This is called the multicollinearity  

problem.(28) In this study, the variance inflation factor (VIF) was  

used to check for the problem of multicollinearity among the 

predictor variables. The variance inflation for independent 

variables Xj is:

where p is the number of predictor variables and R2
j is the  

square of the multiple correlation coefficient. If (i) 0 < VIF < 5,  

there is no evidence of multicollinearity problem; (ii) 5 ≤ 

VIF ≤ 10, there is moderate multicollinearity problem; and 

(iii) VIF > 10, there is serious multicollinearity problem with  

the variables. 

	 Logistic regression was used to determine the effect of 

anthropometric measurements on the roundness of head. 

Finally, stepwise regression analysis was used to select the best  

predictor variables for CI. Statistical analyses were carried out 

using the Statistical Package for the Social Sciences version 15 

(SPSS Inc, Chicago, IL, USA).

RESULTS
For the parametric test, the CI was checked for normality using 

the Kolmorov-Smirnov test and found to be normally distributed. 

Thus, the data used in the current study satisfied the standard 

assumptions of parametric tests. Since the CI was calculated  

from head breadth and head length, these two measurements 

were excluded from analysis. 

	 Linear regression coefficients demonstrated that increasing 

mean values of minimum frontal breadth (ft-ft) (p < 0.01) and 

bizygomatic breadth (g-g) (p < 0.01) tended to coincide with 

the change of head form toward roundedness, whereas head 

circumference (g-g) showed a negative tendency (p < 0.05)  

(Table II). The linear multiple regression model used was:

where CI is a response variable and other variables were  

predictors; St = stature (cm) and Wt = body weight (kg).  

CI =
Head breadth (eu-eu)

× 100
Head length (g-op) [1]

Y = β0 + β1X1 + β2X2 + β3X3+…+ βk Xk+ ℇ [2]

VIFj =
1

, j = 1, 2, …, p [3]
(1 – R2

j)

Table I. Anthropometric landmarks used for taking craniofacial measurements.

Measurement Landmarks

Beginning End

Head length (g-op) Glabella (g) Opisthocranion (op)

Head breadth (eu-eu) Left euryon (eu)  Right euryon (eu)

Head height (v-po) Vertex (v) Porion (po)

Head circumference (g-g) Glabella (g) Glabella (g)

Minimum frontal breadth (ft-ft) Left frontotemporale (ft) Right frontotemporale (ft)

Bizygomatic breadth (zy-zy) Left zygion (zy) Right zygion (zy)

Bigonial breadth (go-go) Left gonion (go) Right gonion (go)

Morphological facial height (n-gn) Nasion (n) Gnathion (gn)

CI = β0 + β1(ft-ft) + β2(zy-zy) + β3(go-go)+ β4(v-po) +  
β5(n-gn) + β6(g-g) +β7 St + β8 Wt + ℇ [4]
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The estimated model obtained was: 

where St = stature (cm) and Wt = body weight (kg). 

	 The VIF showed that there was no evidence of a multi- 

collinearity problem among the predictor variables (Table III).  

Therefore, the important assumption of multiple linear 

regression analysis was satisfied in the data set. The coefficient 

of the regression line demonstrated a significant positive 

association between CI and minimum frontal breadth (ft-ft)  

(p < 0.01), bizygomatic breadth (zy-zy) (p < 0.01) and head  

height (v-po) (p < 0.05), while a negative relationship was  

found between CI and morphological facial height (n-gn)  

(p < 0.01) and head circumference (g-g) (p < 0.01) (Table III). 

	 The coefficients and odds ratio of the logistic regression 

analysis showed that minimum frontal breadth (ft-ft) (p < 0.01) 

and bizygomatic breadth (zy-zy) (p < 0.01) were far more 

likely to predict round-headedness, while morphological facial  

height (n-gn) (p < 0.05), head circumference (g-g) (p < 0.01) and  

weight (p < 0.05) were less likely to do so. The odds ratio 

and regression coefficients showed that if an individual was 

round-headed, the probability of minimum frontal breadth 

(ft-ft) and bizygomatic breadth (zy-zy) would respectively be 

8.1% and 23.4% higher than that for a long-headed individual, 

while the probability of morphological facial height (n-gn),  

head circumference (g-g) and weight would respectively be 

99.0%, 56.0% and 97.0% lower than that for a long-headed  

individual (Table IV). 

	 The stepwise regression analysis showed that bizygomatic 

breadth (zy-zy) was included in the first step. An R2 value  

of 10.44% indicated that there was a 10.44% reduction in  

the total variation of the CI due to the predictor variable,  

bizygomatic breadth (zy-zy). The second step included both  

the bizygomatic breadth (zy-zy) and head circumference (g-g),  

and the R2 value of 23.17% indicated a 23.17% reduction in  

the total variation of the CI due to these two predictor variables.  

The third step, which included bizygomatic breadth (zy-zy),  

head circumference (g-g) and minimum frontal breadth (ft-ft), 

yielded an R2 value of 26.27%, indicating a 26.27% reduction  

in the total variation of the CI due to these three variables.  

Table II. Anthropometric measurements according to the shape of the head.

Anthropometric
measurement

Mean ± SD Regression
coefficient‡Dolichocephalic

(n = 30)
Mesocephalic

(n = 222)
Brachycephalic

(n = 507)
Hyper-

brachycephalic
(n = 378)

Ultra-
brachycephalic

(n = 78)

MFB (ft-ft) (mm) 123.07 ± 5.04 125.50 ± 6.39 127.36 ± 6.00 129.66 ± 6.41 130.81 ± 6.32 1.96*; R2 = 0.99

BIZB (zy-zy) (mm) 141.67 ± 5.00  143.41 ± 5.22 145.26 ± 4.70 146.92 ± 4.95 148.46 ± 4.97 1.71*; R2 = 0.99

BIGB (go-go) (mm) 98.17  ± 8.26 94.93 ± 8.08 95.51 ± 7.93 96.66 ± 8.50 98.61 ± 8.53 0.26; R2 = 0.07

HHt (v-po) (mm) 135.83 ± 5.97 133.06 ± 7.35 133.11 ± 7.33 133.58 ± 7.14 133.62  ± 7.71 −0.39; R2 = 0.29

MFHt (n-gn) (mm) 120.10 ± 11.32 123.07 ± 10.19 122.82 ± 10.42 121.98 ± 10.60 120.49  ± 11.17 −0.03; R2 = 0.01

HC (g-g) (cm) 58.15 ± 1.47 57.50 ± 1.41 57.26 ± 1.36 57.11 ± 1.39 56.99 ± 1.56 −0.27†; R2 = 0.87

Stature (cm) 173.52 ± 5.21 172.64 ± 5.49 171.27 ± 5.42 171.48 ± 5.39 171.54 ± 6.03 −0.51; R2 = 0.71

Weight (kg) 61.44 ± 6.52 62.25 ± 7.75 61.10 ± 7.62 61.66 ± 7.70 63.19 ± 8.26 0.29; R2 = 0.32

Dolichocephalic 72.00 ≤ CI ≤ 76.99; Mesocephalic 77.00 ≤ CI ≤ 81.99; Brachycephalic 82.00 ≤ CI ≤ 86.49; Hyperbrachycephalic 86.50 ≤ CI ≤ 91.99;  
Ultrabrachycephalic CI ≥ 92.00; ‡Linear trend; *1% level of significance; †5% level of significance 
BIGB: bigonial breadth; BIZB: bizygomatic breadth; CI: cephalic index; HC: head circumference; HHt: head height; MFB: minimum frontal breadth;  
MFHt: morphological face height; SD: standard deviation 

Table III . Multiple regression coefficients and variance  
inflation factor (VIF) for the measurements, with the cephalic 
index as the response variable.

Predictor Coefficient VIF

MFB (ft-ft) 0.14795* 1.6

BIZB (zy-zy) 0.38878* 1.9

BIGB (go-go) –0.02695 1.6

HHt (v-po) 0.03471† 1.4

MFHt (n-gn) –0.04003* 1.5

HC (g-g) –1.29051* 1.7

Stature –0.03373 1.3

Weight –0.02448 1.6

Coefficient R2 = 28.1%; *1% level of significance. †5% level of significance.
BIGB: bigonial breadth; BIZB: bizygomatic breadth; HC: head circumference; 
HHt: head height; MFB: minimum frontal breadth; MFHt: morphological  
face height

Table IV. Logistic regression results of measurements on the 
cephalic index.

Measurements Coefficients SE Wald OR

MFB (ft-ft) 0.078* 0.016 23.000 1.081

BIZB (zy-zy) 0.210* 0.023 84.217 1.234

BIGB (go-go) –0.013 0.012 1.075 0.987

HHt (v-po) 0.017 0.013 1.926 1.018

MFHt (n-gn) –0.015† 0.009 2.724 0.985

HC (g-g) –0.589* 0.068 74.270 0.555

Stature –0.027 0.014 3.514 0.973

Weight –0.033† 0.012 8.081 0.968

*1% level of significance. †5% level of significance.
BIGB: bigonial breadth; BIZB: bizygomatic breadth; HC: head circumference; 
HHt: head height; MFB: minimum frontal breadth; MFHt: morphological face 
height; OR: odds ratio; SE: standard error

CÎ = 89.0 + 0.148(ft-ft) + 0.389(zy-zy) −  
0.0269(go-go) + 0.0347(v-po) − 0.0400(n-gn) –  
1.29(g-g) − 0.0337 St − 0.0245 Wt [5]
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Bizygomatic breadth (zy-zy), head circumference (g-g),  

minimum frontal breadth (ft-ft) and head height (v-po) were 

included in the fourth step, with an R2 value of 26.75%,  

indicating a 26.75% reduction in the total variation of the CI  

due to these four variables. The fifth step included the previous  

four variables and morphological facial height (n-gn) with co- 

efficient, which led to a 27.27% reduction in the total variation  

of the CI. The final step, which included the five variables in  

the fifth step and stature (St), led to a 27.63% reduction in the  

total variation of the CI due to these six variables (Table V).  

These results suggest that bizygomatic breadth (zy-zy), head  

circumference (g-g), minimum frontal breadth (ft-ft), head height 

(v-po) and morphological facial height (n-gn) were important 

anthropometric measurements that influenced the CI.

DISCUSSION
Multiple regression, logistic regression and stepwise regression 

analyses were used in the present study to identify craniofacial 

measurements that influence the head form (i.e. CI) of adult male 

Japanese students. These statistical analyses demonstrated that 

most of the craniofacial measurements (except bigonial breadth) 

were important factors influencing CI. The coefficients of  

the regression line showed a positive relationship between CI 

and minimum frontal breadth (ft-ft) and bizygomatic breadth 

(zy-zy), while a negative relationship was found between CI and 

morphological facial height (n-gn) and head circumference (g-g). 

These results suggest that if an individual has larger minimum 

frontal breadth (ft-ft), bizygomatic breadth (zy-zy) and head  

height (v-po), as well as shorter morphological facial height  

(n-gn) and head circumference (g-g), the individual would  

also have a more rounded head form. 

	 To the best of our knowledge, there are currently no 

comparable studies available that document the relationship 

between CI and other craniofacial measurements. Consequently, 

the present findings cannot be compared to those of other 

studies. However, there are previous studies(20,23-25) that have 

reported the positive association of head breadth, and the 

negative association of head length, with CI. These results  

suggest that if head breadth increases and head length 

decreases, then the shape of the head (i.e. CI) would become  

more rounded. Although the protohistoric Japanese population  

has been known to be long-headed and broad-faced  

with strong prognathism,(16) there is now general agreement  

that the head form of recent Japanese adults is now 

brachycephalic.(19-25,29,30) Suzuki’s findings concluded that the 

prevailing brachycephalisation in the Japanese population  

was due to a decrease in head length and an increase in the 

head breadth.(17) Ivanovsky(31) and Suzuki(32) have also suggested 

that the soft tissue structures overlying the cranial bones could  

have changed over time in response to better nutrition. This  

may have differentially affected the soft tissue component of  

head breadth more than head length, although evidence of  

this remains lacking. In our study, we excluded head length  

(g-op) and head breadth (eu-eu) from the analyses since the  

CI was derived from these two measurements.

	 The current study considered only anthropometric  

measurements to identify measurements that influence the  

head form of adult male Japanese students. Other external and  

internal factors, such as genetics,(6) environmental factors,(6,33) 

dietary protein,(34) psychological and physiological stress,(34) 

medical facilities and care,(34) and natural climates,(13,33,35) have  

been proposed to potentially influenced head form. Other  

hypothesised factors that could potentially influence head  

form include heterosis,(36) socioeconomic status(37-39) and nutrition  

or diet.(40) Some researchers believe that the brachycephalic 

head form has been selected as a consequence of evolutionary  

forces.(9,41) Presumably, the answer is multifactorial and consists 

of a combination of various factors. Therefore, more research  

is required.
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