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ABSTRACT

Background: Head circumference (HC) measurement is an important parameter in the diagnosis of neurological and
developmental disorders as well as dysmorphic syndromes. Recognition of different disorders requires an
understanding of the normal variation of the HC size, especially during infancy which is a period of rapid brain growth.
Regarding the differences in the international and interracial standard charts of anthropometric indices, local and
generational diversities, changes in the ethnic mix of the population and socioeconomic factors, periodic re-evaluations
need to be done on the size of HC. This study aimed to represent a local HC standard for an Iranian infant population in
comparison with the charts of the American National Center of Health Statistics (NCHS) approved by the World Health
Organization (WHO).

Methods: About 1003 neonates were randomly enrolled in this cross-sectional study. They were ageing from 3 days to
24 months and were apparently in normal condition. The HC size of these infants was measured and recorded. Tables
and graphs were diagramed by Excel Microsoft Office 2007 software and two-tailed Student’s t-test was used for
statistical analysis of data.

Results: According to the findings of this study, the mean of the HC size in male infants was larger than the female
ones. Based on a visual comparison, the curves followed a pattern similar to that of the NCHS’s. Overall, our subjects in
both genders were found to have a smaller HC size at birth compared to the NCHS charts. However, infants of other
ages had a larger HC size compared to that of the NCHS'’s.

Conclusion: With respect to the international and interracial differences in the HC size, it is recommended that local
anthropometric indices be constructed and used clinically across the world. In addition, extensive and longitudinally
designed studies are required in this regard.
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Introduction

Head circumference (HC) measurement is an
important parameter in the routine physical and
neurological examination of children. HC may be
an early indicator of intracranial pathology
essential to the diagnosis of neurological and
developmental disorders as well as dysmorphic
syndromes associated with abnormal size and/or
shape of the HC (1-3).

Standard HC charts are of foremost
significance because, unlike other somatic growth
parameters, even small deviations of the HC from
the normal range could be associated with various
diseases (3-8). Thus, it is suggested that HC
measurement in neonates be performed and
recorded with care and regularity.

As an indirect measure of brain growth, the
most significant increase in the HC size occurs
within the first few years of life. It grows as much
as 80% of the adult size by two years with the

pace slowing down afterwards. Due to the
differences in the international and interracial
standard charts of anthropometric indices, several
countries around the world have attempted to
provide alternative standard charts for measuring
the HC size at different ages (2, 9-15).

Since only a few studies have been conducted
about HC on Iranian infants (4, 16, 17) and due to
the local and generational diversities, changes in
the ethnic mix of the population and
socioeconomic factors, periodic re-evaluations of
growth standards are recommended (1, 4, 9, 16).

This study aimed to represent a local HC
standard of an Iranian infant population within the
first two years of life during which the most
significant increase in the HC size occurs. Moreover,
we compared the results of this study with the
charts of the American National Center of Health
Statistics (NCHS) approved by the World Health
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Organization (WHO) as the international standard
of growth in the first years of infant’s life (18).

Methods

This cross-sectional study was conducted on
1003 infants (505 male, 498 female) ageing from
3 days to 24 months. The subjects consisted of
104 full-term neonates and 899 infants of 1-24
months coming from a diverse socioeconomic
background (Table 1) in an urban population in
Mashhad, a nearly developed city located in the
Northeast of Iran.

Measurements were provided from the
neonates in the maternity ward and medical and
vaccination centers affiliated with Mashhad
University of Medical Sciences during a six-month
period.

Sampling was carried out randomly via active
observational methods once a week. The inclusion
criteria for this study were as follows: 1) healthy
neonates with the gestational age of 37-42 weeks
as determined by maternal dates and the
Dubowitz score; 2) birth weight of more than
2500 grams.

Among our subjects, the infants of less than
two years of age were apparently in normal,
healthy condition without any obvious signs of
physical or neurological disorders.

The measurements were provided from the
neonates after reaching 48 hours of age in order to
allow head molding resolution. The neonates’
head was measured at the largest area, at a level
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passing the supraorbital protuberance anteriorly
and occipital protuberance posteriorly, using a
fresh, non-elastic, non-stretchable, accurately
scaled standard tape. Afterwards, tables and
graphs were diagramed and depicted by the Excel
Microsoft Office software 2007.

Statistical analysis for the comparison of data
was performed by two-tailed Student’s t-test.

Results

The mean size of HC and the two standard
deviation values at different ages in the neonates
of both sexes ageing from birth to 24 months of
age are illustrated in Tables 1 and 2 and they are
graphically depicted in Figures 1 and 2.

According to the findings of this study, the HC
size is likely to grow with age and it occurs rapidly
within the first year of the infant’s life. However,
the rate of increase noticeably lowers in the
second year of life.

It was also observed that the mean of HC was
larger in the male infants compared to the female
ones at different ages (Figure 3).

Furthermore, in a visual comparison with the
NCHS reference, it was realized that the curves were
following a pattern similar to the NCHS charts.

The P-values of the results obtained from the
comparisons of our subjects with those of the NCHS
are depicted in Tables 1 and 2. Our subjects of both
sexes were found to have a smaller HC size at birth
compared to the charts of NCHS. This difference
was considered to be statistically significant.

Table 1. Mean head circumference size during the first 2 years of life in boys

Age (month) Number : 505 Mean of HC size (cm) 2 Standard deviation t & P-Values
0 55 35.13 1.45 -4.61,<0.0005
2 51 40.29 1.44 2.45,0.025
4 55 42.5 1.29 0.574,>0.05
6 50 45.04 2.03 5.22,<0.0005
9 58 45.96 1.44 4.02,<0.005
12 61 46.9 1.20 3.92,<0.005
15 48 47.3 1.05 0.66,>0.05
18 69 47.6 1.5 1.11,>0.05
24 58 48.5 1.61 0.95,>0.05

Table 2. Mean head circumference size during the first 2 years of life in girls

Age (month) Number: 498 Mean of HC size (cm) 2 Standard deviation t & P-Values
0 49 34.36 1.34 -3.35,<0.0005
2 53 389 0.85 0.86,>0.05
4 58 41.23 1.74 1.447,>0.05
6 52 42.7 1.11 0.653,>0.05
9 49 45.14 1.16 6.909,<0.005
12 66 45.6 1.19 3.424,0.005
15 53 46 0.88 1.666,<0.05
18 64 48.16 2.04 6.117,<0.0005
24 54 48.2 1.91 2.307,<0.01
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Figure 1. Mean #2 standard deviation of head circumference
size during first 2 years of life in boys

It is also noteworthy that at other ages, our
subjects were found to have a larger HC size
compared to the charts of NCHS.

Discussion

Adequate knowledge of the normal growth of
HC as one of the most important anthropometric
indices is essential to detecting and preventing
pathological conditions.

Although a large head might be a result of
various other factors such as the increased
intracranial pressure and/or Hydrocephalus and a
small size head (Microcephaly) could be
associated with the undergrowth of the brain,
such defects may not always be pathological. By
one aspect, they could be explained through a
familial observation of the size and shape of the
parents’ and the siblings’ head (1). Additionally,
maternal reproductive history, prematurity,
maternal diet and season of birth are among the
factors influencing the HC size (5-8, 19-22).
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Figure 3. Mean of head circumference size in infant boys and
girls
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Figure 2. Mean *2 standard deviation of head circumference
size during first 2 years of life in girls

The formation of the skull is a complex
interaction reflecting the growth of both the bones
and the brain as the major stimulus for skull
growth. Head growth is a dynamic process and
plotting serial measurements of HC over a period
of time could provide useful information in this
regard (1).

Several recent studies have attempted to
demonstrate the differences in the size of HC in
various countries as well as between successive
generations within the same country (9, 23).

For the most part, their results emphasize the
need for every population to perform periodical
re-evaluations with respect to the HC size
standards.

The standard growth charts are based on the
data collected from 1963 to 1975 by the NCHS.
The NCHS charts have been approved by WHO as
the international standard over the past decades.
Nevertheless, these references have been falling
out of date, and so, the wuniversal use of
NCHS/WHO references for all populations is a
matter of controversy nowadays (16, 24-26).

While  recommending the NCHS/WHO
international reference in their study, Sullivan et
al. also suggested that in developing countries,
resources are required in order to produce focal
growth (27). On the other hand, Goldstein and
Tanner strongly argued that developing countries
in particular need to provide their own standards
for clinical use (28).

In another study, Hoey et al. claimed that the
mean of HC size in Irish children was larger than
the British standard produced by Tanner and
Nellhaus while it was smaller than Ounsted data
from Oxford. They also outlined that the children of
non-manual workers had a larger head compared
to the children of the manual workers (1, 29).
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Another study conducted in Japan indicated a
significant difference in the HC size between
Japanese and Caucasian children which was
correlated with the overall smaller stature of the
Japanese (14).

Moreover, the HC values in Turkish children
were similar to that of the Irish children (1, 2).

The data obtained in the present study could
replace the Nellhaus criteria in clinical use (2).

Astudy conducted in Shiraz, Iran demonstrated
that the HC in the Iranian children was larger
compared to that of their Turkish peers whereas it
was smaller than Irish, Japanese and American
children (4, 17).

In another study performed by Vazirian et al,
no significant differences of HC were observed
between their subjects as a population of Iranian
children and those of the NCHS/WHO charts (16).

Furthermore, Mohammadi et al. and Talebean
et al. in two different studies conducted in Iran
compared the growth indices of a group of Iranian
children with those of the NCHS charts and
realized that the HC of their subjects was similar
to that of the NCHS charts (30, 31).

In another research, Hams P et al. concluded
that there were no significant differences in the HC
percentiles in different regions of the world (32).

According to the findings of the current
research, which are different from previous
studies in Iran, it is suggested that the HC
standards of western countries (NCHS, Nellhaus)
may not thoroughly apply to Iranian children.
However, due to the inconsistencies between the
results of various studies, it is recommended that
extensive and longitudinally designated studies be
conducted in order to determine standard HC
charts for the urban and rural Iranian children.
Essentially, such studies need to be performed
periodically in every population in different
regions of the world.
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