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INTRODUCTION

Biologic variation allows the unique craniofacial character 
and the many asymmetries found in each individual.1 Sickle 
cell anemia is common in Nigeria with prevalence values 
ranging from 2% to 3% of  the population.2, 3

Sickle   cell disease (SCD) is one of  the commonest single 
gene disorders in man and has a widespread distribution 
in different parts of  the world with variable clinical 
manifestations.4 Several studies conducted on sickle cell 
disease have shown that sickle cell disease affects the 
growth and development of  children.5 Findings have 
shown that American-Black children with sickle cell 
disease were shorter with lower body weights than normal 

growing children.6 Subjects with Sickle cell disease have 
been reported to present various growth defi cits such as 
malocclusion and stunting compared to unaffected peers.7

The characteristics physical and morphological (craniometric 
and morphometric) body features of  long standing sickle 
cell disease has been documented to include bossing of  
the skull, hyperplasis of  the maxilla, general underweight, 
linear stature with comparatively narrow shoulder and hips, 
disproportionately long and spindly extremities compared 
to the trunk.8

The importance of  conducting craniometric or 
cephalometric studies cannot be over emphasized especially 
in the areas of  pediatrics, plastic surgery, oral surgery and 
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Background: Sickle cell disease is one of the commonest diseases widespread in sub-Saharan 
Africa and Nigeria in particular. This study investigated the possible effects of sickle cell 
disease (SCD) on the cranial index and pattern of head shapes of children with sickle cell 
disease in comparison with that of children without SCD. Methods: The head length, head 
width of 103 children (54 males and 49 females) with sickle cell disease and 218 normal 
growing non-sickle cell disease children (121 males and 97 females) aged 0-18 years 
old were measured and their cranial indices calculated. Results: The mean CI for normal 
growing non sickle cell disease children was 79.82±3.35 and that of the sickle cell disease 
children was 80.12±3.39 which was not statistically signifi cant (p=0.4526). However, the 
difference between the mean CI of males in both groups was not signifi cant (p=0.9535) 
likewise in females (p=0.3127). The mean head circumference in sickle cell disease children 
was 48.89±3.15 as against that of the normal growing non-sickle cell disease children 
44.97±6.07 and this difference was also not statistically signifi cant (p=>0.05). Conclusion: 
The head shapes as per the present study could be classifi ed as mesocephalic in normal 
growing non-sickle cell disease children and brachycephalic in sickle cell disease children. 
Thus, it has been deduced that sickle cell disease could probably have an effect on head 
length, head width, cranial index and head circumference of affected children.
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forensic medicine.9,10 Cranial Index (C.I) is one of  the 
clinically recognized anthropometric parameter in the 
investigation of  craniofacial skeleton because of  its validity 
and practicability.11

Cranial index is the most investigated craniofacial parameter 
as it utilizes the length and breadth of  the head which are 
very helpful in the study of  secular trends.12, 13, 14 Cranial 
Index is used in determining the variations in shape of  
the head and face in newborns15 and in determining head 
dimensions in fetuses.16

However, due to paucity of  data on the physical or 
morphometric cranial indices of  sickle cell children in 
Nigeria,17 this study provides standardized craniometric 
measurements for children with SCD that will serve as 
baseline reference measurements for growth monitoring 
and evaluation.

MATERIALS AND METHODS

Study location
This study was conducted in the Institute of  Child Health 
Unit of  the Usmanu Danfodiyo University Teaching 
Hospital (UDUTH), Sokoto, Nigeria.

Measurements and procedures
The head measurements were carried out in the Pediatric 
Sickle Cell Anemia Clinic UDUTH. Craniometric 
measurements were taken from 321 children of  pediatric 
age group 0-18 years old that visited the clinic during 
the period of  the study. The subjects were made up of  
103 children who had been diagnosed with sickle cell 
anemia and who attended the Sickle cell clinic. 218 normal 
growing non-sickle cell disease children on routine check 
up at the center were also recruited in this study. Children 
with craniofacial malformations or a history or signs of  
craniofacial syndromes were excluded from this study.

The bio-data of  the subjects were obtained and this 
includes their names, hospital card numbers, sex 
and age. Measurements were taken using standard 
recognized anatomical landmarks. Internationally accepted 
anthropometric instruments were used to ensure great 
accuracy and reproducibility. All measurements were taken 
to the nearest 0.1 cm.18

The cranial index
The cranial index (CI) was calculated using cranial 
measurements obtained from each subject. The Head 
Length (Greatest antero-posterior diameter) and head 
width (maximum transverse diameter between two fi xed 
points) were measured with the help of  a spreading 
caliper.18,19 The head length was measured from glabella 

to opistocranium while the head breadth was measured as 
the distance between euryons.19 The Spreading caliper with 
rounded ends the tips are made to touch the cranial points 
and the reading is observed on the scale.18,19

The cranial index is calculated as the ratio of  head 
width to head length multiplied by 100. The cranial 
index has been used to classify head shapes into four 
international categories namely dolicocephalic (CI=<74.9), 
mesocephalic (CI=75-79.9) brachycephalic (CI=80-84.9) 
and hyperbrachycephalic (CI=>85).9, 20

The head circumference
The protocol for head circumference measurement used in 
this study is part of  an examination survey on infants and 
children conducted by The National Health and Nutrition 
Examination Survey.21

The Head circumference of  the children was measured 
using a fl exible non-stretchable measuring tape.21,22 The 
head circumference measuring tape was placed around the 
child’s head so that the tape lies: across the frontal bones 
of  the skull; slightly above the eyebrows; perpendicular 
to the long axis of  the face; above the ears; and over the 
occipital prominence at the back of  the head. The tape was 
moved up and down over the back of  the head to locate 
the maximal circumference.23

The “zero mark” on the measuring tape was placed on the 
side of  the forehead above the top of  the infant’s ears and 
slightly above the supraorbital ridges - the eyebrows.21 The 
parents of  some of  the infants also assisted in holding the 
tape or comforting the child during the measurement. It 
was ensured that the tape was fi rm against the head, and 
meets the start of  the tape on the forehead.21 The tape 
was snugly pulled to compress the hair and underlying 
soft tissues. The head circumference was read to the 
nearest 0.1 cm. The head circumference of  each child was 
re-measured a second time and the average of  the two 
measures in closest agreement was recorded.21

Ethical consideration
Ethical clearance was obtained from relevant Institutions 
and Departments for this study. Ethical consideration 
included taking informed consent from parents and 
guardians of  study participants, using Hospital card numbers 
to maintain confi dentiality and making recommendations 
to appropriate authorities.

Statistical analysis
The data obtained from the measurements of  head length, 
head width were used in determining the cranial index. 
The cranial index and while the head circumference values 
were entered and analyzed using the Statistical Package for 
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Social Sciences (SPSS) version 17 for Windows. Descriptive 
Statistics presented in Tables 1, 2, 3, 4 and 5. Student-t-Test 
was used for comparison between means and statistical 
signifi cance set at p=<0.05.

RESULTS

Tables 1 and 2 presents the mean ± SD values of  cranial 
indices of  children with SCD and those without SCD. All 
measurements were age-related. However, the children with 
SCD had a higher cranial index (mean CI=80.12 ± 3.39) 
than those of  without SCD (mean CI=79.82 ± 3.35). Thus, 

the head shapes as per the present study could be classifi ed 
as mesocephalic in normal growing children without SCD 
and brachycephalic in children with SCD.

Moreover, the mean cranial index for the males with SCD 
was 79.13±3.29 as against 79.16±3.19 of  the normal 
growing males without SCD while that of  the females varies 
from 81.21±3.39 for the sickle cell group to 80.63±3.36 
in the non-sickle cell group. Statistically, all the age groups 
in male children with SCD in comparison to the normal 
growing males without SCD, showed no significant 
difference (p>0.05) as presented in Table 1. The female 
children with SCD did not show any statistical signifi cant 
difference too in comparison to the normal growing 
females without SCD except for age group 16-18 years 
where the difference was statistically signifi cant (p<0.0001) 
as shown in Table 2.

The mean head circumference (HC) value for the males 
with SCD was 48.79±3.51 as against 46.49±5.71 of  the 
normal growing males without SCD and this was statistically 
signifi cant (p=0.0013) while that of  the females varies from 
49.00±2.72 for the sickle cell group to 43.06±5.99 in the 
females without SCD and was not signifi cant (p=>0.05).

Statistically, the HC of  all the age groups in male children 
with SCD in comparison to the normal growing children 
without SCD, showed no signifi cant difference (p>0.05) 
except for age group 0-3 years which was statistically 
signifi cant (p=0.0233) as presented in Table 3. The female 
children with SCD did not show any statistical signifi cant 
difference too in comparison to the normal growing 
females without SCD except for age group 16-18 years 
where the difference was statistically signifi cant (p<0.05) 
as shown in Table 4.

Furthermore the differences in cranial index between the 
sexes of  children with SCD and normal growing children 
without SCD were statistically signifi cant with p values 
of  0.002 and 0.003 respectively. However the differences 

Table 1: Showing and comparing the mean 
values of cranial index in male children with 
SCD and normal growing male children without 
SCD according to age group
Age group 
(years)

Males with
SCD

Males without 
SCD

p value

N Mean±SD N Mean±SD
0-3 19 78.55±3.04 66 79.17±2.91 0.4338
4-7 16 78.74±3.74 17 78.43±3.33 0.8039
8-11 12 79.13±2.69 21 79.04±3.11 0.9289
12-15 7 81.64±3.27 17 80.05±4.21 0.3368
16-18 - - - - -

N=Sample size; *Statistically signifi cant diff erence; SD=Standard deviation

Table 2: Showing and comparing the mean 
values of cranial index in female children with 
SCD and normal growing female children without 
SCD according to age group
Age group 
(years)

Females 
with SCD

Females 
without SCD

p value

N Mean±SD N Mean±SD
0-3 22 81.48±2.87 75 80.86±3.31 0.3965
4-7 12 80.12±2.88 14 80.17±3.84 0.4831
8-11 10 79.92±3.94 3 80.08±0.52 0.9017
12-15 4 83.47±3.82 5 78.72±3.73 0.1067
16-18 1 80.36±0.00 0 0 <0.05*

N=Sample size; *Statistically signifi cant diff erence; SD=Standard deviation

Table 3: Showing the mean head circumference 
(HC) values in male children with SCD and normal 
growing male children without SCD according to 
age group
Age group 
(years)

Males with
SCD

Males without 
SCD

p value

N Mean±SD N Mean±SD
0-3 19 46.11±4.62 66 43.12±5.61 0.02333*
4-7 16 50.25±1.34 17 49.29±1.53 0.06548
8-11 12 50.42±1.08 21 51.05±2.04 0.2545
12-15 7 50.00±1.73 17 51.24±1.52 0.1311
16-18 - - - - -

N=Sample size; *Statistically signifi cant diff erence; SD=Standard deviation

Table 4: Showing the mean values for head 
circumference (HC) in female children with SCD 
and normal growing female children without 
SCD according to age group
Age group 
(years)

Females 
with SCD

Females 
without SCD

p value

N Mean±SD N Mean±SD
0-3 22 46.95±2.55 75 40.80±4.72 3.1238
4-7 12 50.17±1.47 14 50.21±2.12 0.9469
8-11 10 50.90±1.19 3 51.67±0.58 0.1687
12-15 4 51.50±1.73 5 51.80±1.09 0.7750
16-18 1 51.00±0.00 0 0 <0.05*

N=Sample size; *Statistically signifi cant diff erence; SD=Standard deviation
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between sexes for head circumference in both groups 
was not statistically signifi cant (p=0.74180 and 2.6972) as 
shown in Table 5.

DISCUSSION

The present study shows that cranial index values in 
children with SCD are similar to those of  the normal 
growing children without SCD in every age group. 
Generally, the children with SCD had a higher cranial index 
(mean CI=80.12±3.39) than those of  without SCD (mean 
CI=79.82±3.35).

Results of  skeletal changes in sickle cell disease patients 
are caused by marrow hyperplasia, infarcts and superadded 
infection.24 Chronic anemia is responsible for hyperplasia 
of  bone marrow seen in bones and expansions in red bone 
marrow containing regions are caused by remodeling.25

In the skull of  sickle cell disease patients are diploic 
thickening, granular texture, lamination of  diploe and hair 
pattern.26 Cranial vault thickens with most contribution 
from diploic component and with resultant thinning of  
outer part. In a normal person with thick skull, all the 
component layers contribute to the overall thickness.26 
Diploic thickening is signifi cant in only the frontal and 
parietal regions with little involvement of  the squamous 
part of  temporal or occipital bone, giving the sickle cell 
disease patient a lower cranial index.5 Although, diploic 
thickening is non specifi c for the sickle cell disease skull as 
it is also a feature in other anemia related conditions such as 
severe iron defi ciency, thalassemia.27 Growth defi cit tends 
to be greater in width than in height or length and is more 
severe in patients with sickle cell anemia.28

The higher cranial index recorded in the sickle cell group 
corresponds to the brachycephalic head shape dominant in 
this group. Even though, the brachycephalization is more 
pronounced in the female sickle cell disease children where 
all the age groups are brachycephalic except for age group 
8-11 years as against the sickle cell males where only age 
group 12-15 years is brachycephalic all the remaining age 
groups had the mesocephalic head shape as dominant. This 
fi nding does not tally with fi ndings of  previous researchers 

that reported the mesocephalic head shape as dominant 
among sickle cell patients.5

Head circumference values were found to be higher in 
sickle cell disease children (mean OFC=48.89±3.15) than 
in normal growing non-sickle cell disease children (mean 
OFC=44.97±6.07). This fi nding agrees with previous study 
that reported a higher head circumference in sickle cell anemia 
children as compared to that of  normal growing children.8

CONCLUSION

The dominant head shape type as per the present study could 
be classifi ed as mesocephalic in normal growing non-sickle 
cell disease children and brachycephalic in sickle cell disease 
children. Thus, it has been deduced that sickle cell disease 
could probably have an effect on head length, head width, 
cranial index and head circumference of  affected children. 
Further studies should be conducted to corroborate these 
fi ndings so as to make further inference due to clinical and 
anthropometric importance of  such studies.
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