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Abstract: Limited information on the foetal craniofacial dimensions of Fulani population is a great hindrance 

in the exact estimation of gestational age not only in medicolegal cases but also in obstetric management. 

Sonographic measurement of Biparietal diameter is commonly used to assess foetal age and growth; but gives 

misleading conclusions due to differing craniofacial dimensions arising out of ethnic diversity. This study was 

aimed to establish a normogram for foetal cephalic index and derive the correction factor for adjusting atypical 

head shapes to the ideal shape. A cross sectional study was used, and Trans-abdominal sonography was 

conducted with a 3.5 MHz transducer, the BPD and were measured in the same axial plane of the head at the 

level of thalami; and the cephalic index was computed as ratio of BPD and OFD multiply by hundred. The 

foetal gestational age was determined from the average measurements of BPD, OFD and FL. The mean CI was 

79.06 (±3.52) and the mean ± 2SD range was 72.02 to 86.10. The mean cephalic indices of transverse and 

breech presenting foetuses were 92.99 (±3.96) and 78.19 (±3.85) respectively. This study has established a 

nomorgram for foetal cephalic index and a correction equation for atypical head shape in a Nigerian 

population of Fulani descent. 
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I. Introduction 
Cephalic index (CI) is the ratio of the maximum breadth of the head to its maximum length[1]. 

Cephalic index is derived from the Greek word “Kephalic” meaning “Head” and the Latin word “Index” 

meaning “that which points out”. In the twentieth century, the cephalic index was widely used by 

anthropologists to categorize human population [1]. Today it is mainly used to describe individuals’ appearances 

and estimating the age of foetuses for legal and obstetrical reasons [2].  Cephalometric results are also used in 

paediatrics, forensic medicine, plastic surgery, oral surgery, dentistry and diagnostic comprehension between 

patient and normal population [3]. Cephalic index is the most frequently investigated craniofacial parameter as it 

utilizes the length and breadth of the head, which are useful indices in the study of racial differences [4]. On the 

basis of the cephalic index, head shapes are categorized into dolichocephaly (<74.9), mesocephaly (75-79.9), 

brachycephaly (80-84.9) and hyperbrachycephly (85-89.9) [5]. Cephalic indices play a crucial role in 

comparison of cephalic morphometry between parents, offspring’s and siblings and provide information on 

inheritance pattern [1]. Also, it provides the information for diagnostic comparison as in cases of 

dolichocephaly, and in the individuals with Apert’s syndrome which usually associated with 

hyperbrachycephaly [6]. Down’s syndrome infants have been recognized to have a head with normal biparietal 

diameter (BPD) and a shortened occipito-frontal diametre (OFD), or brachycephaly. This occipital flattening 

result in a higher cephalic index in children with Down’s syndrome than in normal children [7]. Thehead that is 

too elongated is dolichocephaly and will give a wrong foetal dating [8]. Thedolichocephalic head shape is often 

associated with the anhydramnious or breech presentation, a round head termed "brachycephaly"  suggests the 

presence of a genetic abnormality and a lemon shape head is usually a sign of spina bifida in the foetus [9]. 

Ultrasound has proved to be a useful and accurate method for determining the gestational ages of the 

foetuses [10]. Biparietal diameter is the most commonly used ultrasound measurement for foetal age assessment 

[11]. BPD is a reliable indicator of gestational age up to 26 weeks [12]; provided that there is a normal ovoid 

transaxial head shape. If the head is too round (brachiocephaly) or too elongated (dolichocephaly), the BPD 

measurement will be falsely increased or decreased, and gives a wrong foetal dating. In the second trimester, the 
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head measurements are preferred especially BPD which is the most frequently used foetal biometry 

measurement while variations in the shape of the foetal skull have a significant effect on the BPD measurements 

[13]. Hence, there is need to establish a normal range of foetal cephalic index in every population such that the 

normality of head shapes could be assessed to enable a precise prediction of gestational age with BPD before 26 

weeks. The obstetrical standard also suggests that this error may be avoided by obtaining a second linear 

measurement from the BPD image, called the OFD which will be compared with the BPD in order to determine 

an accurate foetal age [14]. The BPD and OFD are compared in an equation called the cephalic index (CI): CI = 

(BPD/OFD) ×100 [9].Normal head shape has a mean CI of 78 with a 2-SD range 70 to 86 [13]. On the 

contrary,the mean foetal cephalic index among lbos in Nigeria was established to be approximately 86 with a 2-

SD range of about 81 to 91 [15].  

The knowledge of gestational age is a pre-requisite in the management of conditions such as premature 

rupture of membranes, preterm labour, postdatism, ante-partum bleeding, and pre-eclampsia [16]. Last 

menstrual period (LMP) is simple and the most common method of calculating gestational age. However, 45-

69% of pregnant women have irregular periods or uncertain information regarding their last menstrual period 

[16]. For this reason, the use of LMP in most cases is unreliable. An ultrasound scan is particularly useful in 

most parts of the world where women often cannot account for their last menstrual period [17]. Many foetal age 

estimation chart for the ultrasound biometric parameters are available [18], some of them have been built based 

on homogeneous foetal population and still being preferentially used where available [19]. The importance of 

the choice of reference charts for the assessment of foetal biometry has been emphasized [19]. The use of 

customized foetal growth charts, taking into consideration factors normally influencing the foetal growth, 

reduces the number of the false positive [20]. It has been postulated that each population should use their own 

normograms because of the racial and ethnic differences [16],[10]. This study is therefore designed to assess the 

cephalic index among the Fulanis in Maiduguri, Borno State. 

 

II. Patients And Methods 
Transabdominal sonography was performed in four hundred and one (401) pregnant women coming for 

obstetric sonongraphy in the second and third trimesters between August, 2015 to Febuary, 2016 at the 

department of obstetric and gynaecology University of Maiduguri Teaching Hospital, Borno State. All subjects 

were Fulani by tribal origin and whose husbands were also Fulani. Gestation was confirmed in all cases by 

sonographic biometric analysis, other criteria for inclusion included the following: a singleton gestation, no 

maternal medical history of diabetes mellitus, hypertension and good indications of foetal viability. Both 

cephalic and breech presenting foetuses were studied. Ethical approval was obtained from the research and 

ethics committee of the University of Maiduguri Teaching Hospital. The subjects were examined using an 

ultrasound machine equipped with 3.5 MHz curvilinear transducer (GE ultrasound LOGIQ P5, Korea). 

The foetal BPD were measured in an axial plane of the head, at the level of the thalami (where the 

continuous midline echo is broken by the cavum septum pellicidum in the anterior third of the cranium) [21]. 

The measurement of the BPD was taken from the outer edge of the closest parietal bone to the inner edge of the 

opposite parietal bone [21]. The overlying soft tissue margin was excluded [15]. The OFD were measured in the 

same plane between the leading edge of the frontal bone and the outer border of the occiput in the midline so as 

to avoid indistinct lateral margins of the calvarium [15]. The calipers for both measurements were perpendicular 

to each other. The foetal cephalic index was therefore calculated as the ratio of the same two diameters and 

multiplied by hundred“(BPD/OFD)×100”. 

Data were categorized according to maternal age, parity, and gestational age. Further data were also 

classified into the cephalic presentation, breech, and transverse lie. Descriptive statistics were used to determine 

the range, mean, standard deviation and the frequency of the distribution, while the sample normality were 

tested with Shapiro-Wilk’s test. Pearson’s product moment correlation were used to assess the degree of 

relationship between the CI and BPD, CI and OFD and CI and FL. Also, the same Pearson’s correlation were 

used assess the degree of relationship between CI and GA.  A multiple regression equation of BPD as dependent 

variable against BPD+OFD, BPD×OFD and Standard head ratio of the study as independent variables were used 

to determined the equation for correction factor (BPDa). Student T-test were used to check the mean differences 

between cephalic index lie in transverse, breech presenting foetuses and their cephalic presenting counterparts.  

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) for 

Windows®  version 16.0 (SPSS Inc, Chicago, Illinois, U.S.A). A p-value of < 0.05 was used as the criterion of 

statistical significance. 

 

III. Result 
The ages of the participants ranged from 15 to 42 years  with the mean and standard deviation of 26.48 ± 6.69. 

The mean maternal parity of the participants is 2.87 ± 2.27 ranging from 0 to 12.  
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Among the four hundred and one (401) foetuses which were scanned in this study, two hundred and 

ninety-eight 298 (74.3%) were cephalic presented, fifty-two 52 (13%) transversely lay and fifty-one 51 (12.3%) 

were presented breech. A Shapiro-Wilk’s test shows that the samples are normally distributed (p=0.82). 

The foetal mean cephalic index and standard deviation for this study was 79.06 ± 3.52 and the mean ± 

2SD ranged from 72.02 to 86.10. Whereas the mean cephalic index of transverse and breech presented foetuses 

was 92.99 ± 3.96 and 78.19 ±3.85 respectively. Statistical significant differences were observed between the 

mean cephalic index of the foetus in cephalic presentation and foetus in a transverse lie (p=0.03). While no 

statistically significant differences was shown between the cephalic index of foetuses in breech presentation as 

compared with the foetus in cephalic presentation (p=0.99). 

Equation for correcting BPD from atypical head shape is:  

BPDa = 0.15+0.422(OFD+BPD) +0.0025(OFD×BPD).   

 

 
Figure 1. Sonogram of a foetal head in axial plane at the level of thalami. 

 

Table 1 Correlations between CI and BPD, OFD, FL and G.A 

 
 

IV. Discussion 
The cephalic index is a rating scale that is used to measure head size. The cephalic index rating is 

obtained by multiplying the maximum width of the head by 100 and dividing that number by the maximum 

length of the head.  It has been proposed as a discriminating parameter to recognize alterations in the growth of 

the skull. Its valuations when the calculated index is above the ± 2 SD from the mean. The analysis of foetal 

cephalic index expresses another aspect of growth and development in feotus, likewise permit critical evaluation 

of unusually large or small head. Also, cephalic index indirectly expresses cranial capacity, which has been used  

indirectly to reflects the volume of the brain and predict mental ability [22]. Many studies have been reported on 
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cephalic indices of different populations, both national and internationally, this present study to the best of our 

knowledge is the first to capture data on foetal cephalic index among the  Fulanis in Maiduguri, Borno State. 

The result of this study showed a mean cephalic index of 79.06 (±3.52), which indicates that the studied 

population is mesocephalic in nature according to the international cephalic index categorization [5]. There is an 

increase in CI as you move from the Sahel savanna to Sudan savanna and to the Guinea savanna, as recorded in 

the Fulani, Ibo, and Ogonis studies [15],[23], this strongly suggest a possible environmental and racial have an 

impact on normal CI. A similar idea was presumed [24], the head shape assumed dolichocephaly in the 

temperate zone and mesocephaly or brachycephaly in the tropical zone. This idea was  argued that the human 

foetus develops in an internal environment in the  mother’s uterus where the temperature remains almost 

constant throughout pregnancy [25]. Thus, likely this component may not maintain its influence over the change 

in the foetal cephalic index.  

Foetal age estimation still remains the most common indication for an obstetric sonography due to the 

maternal uncertainty of their LMP. With the advent of high-resolution, real-time ultrasound, the ability to image 

various organs in utero has dramatically improved the determination of gestational age  and various medical 

complications in the field of obstetrics and gynaecology. Several recent obstetrical sonographic examinations 

demonstrated that variations in the shape of the foetal skull (dolichocephaly, brachycephaly, etc) may adversely 

affect the accuracy of the BPD measurement in establishing foetal age [26]. It is worthy of note that the CI 

derived in the Fulani population is closer to the values established by Hadlock. This indicates that the obstetric 

charts for foetal age determination derived by Hadlock which was incorporated in most of the ultrasound 

machines would give more reliable foetal dating in the Fulani population than in their Southern counterparts. 

The cephalic index was proposed in the first place as a way of recognizing altered head shape and confirming 

the validity of BPD measurement. In prospect of this, the equation for correcting BPD from atypical to typical 

head shape was established [BPDa=0. 15+0.422 (OFD+BPD) +0.0025 (OFD×BPD)] with r
2
=0.98. The equation 

was generated in this study to adjust the atypical head shape, especially when dating foetal age using BPD. Head 

shape is said to be atypical when the OFD to BPD ratio is far from 1.265 (standard shape head ratio) [27], and 

much closer value were observed in this study 1.271 (±0.09). In view of the atypical nature of some head 

shapes, it is suggested that every head shape in this population that deviate from the mean CI ± 2SD should be 

adjusted using the derived equation.  It is worthy of note that, for a standard shaped head, the area corrected 

BPD (BPDa) is roughly equal to the uncorrected BPD [27].   

Weak positive correlations were observed between CI and BPD (r=0.29), between CI and OFD 

(r=0.27),  between CI and FL (r=0.19), and (r=0.18) between CI and GA.  This showed that the foetal cephalic 

index measurements demonstrated no significant changes with increasing gestational age [13],[28]. Some 

studiesreported that foetal cephalic index varies with advancing gestational age [2].  

Strongly positve correlations (r=0. 98) were observed between BPD and OFD (r=0. 99), between BPD 

and FL and (r= 0.98) between BPD and GA. This indicates that as gestational age advances subsequent BPD, 

OFD and FL also increases systematically. This indicates that using those parameters together  will facilitate in 

the diagnosis of achondroplasia in the foetus, particularly when the measurements of  BPD and OFD found to be 

in harmony with the gestational age, and FL is not in line with the gestational age, therefore achondroplasia 

should be suspected.  

The studied mean foetal CI were compared with the mean cephalic indices of fetuses in a different lie. 

The result showed a statistically significant difference between a foetus in cephalic presentation with foetuses in 

a transverse lie (p=0.03), and no statistically significant difference were observed between the foetus in cephalic 

presentation and breech lie (p=0.99). The observed difference between the mean CI of cephalic presenting and 

transverse lies foetuses, could be possibly due to the pressure of lateral abdominal wall from the mother presses 

the foetal head, and which tend to increase the feotal BPD. The results of this study which varies from those of 

the South East mean studies [15] and South South mean studies [23], indicate that sonographic cephalometric 

studies and data should be generated for every ethanic group to enable valid conclusion to be made on the 

possibility of cranial anomalies on foetuses. Cranial anormalies could be indicated if the CI is outside mean ±2 

SD of the generated data in such population. 

 

V. Conclusion 
The foetal mean cephalic index of the study was 79.06 (±3.52). This shows that the dominant head 

shape among Fulanis of northern Nigeria is mesocephaly. A correction factor for adjusting atypical foetal head 

shape in the Fulani population has also been derived in this study and would be helpful in predicting foetal 

gestational age. 
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