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ABSTRACT Objective:To construct standard reference intrauterine growth charts of head circumference (HC)for neonates of 28-42

weeks gestational age (GA) and derive regression equation for calculating GA from HC. Design:Cross-sectional study.
Setting: Tertiary care hospital. Materials and Methods:Study group included 1000 consecutively live-born singleton
neonates of 28-42 weeks gestation. Data were recorded for HC according to GA. Using MS -Excel spread sheet, the mean, standard deviation,
3rd, 5th, 10th, 50th, 90th, 95th and 97th percentiles were calculated and percentile curves drawn. Correlation of HC with GA was performed by
applying correlation & regression analysis. Regression equation was derived to predict GA from HC.Results:HC correlated well with GA with r =
0.97. Regression equation obtained was: Y = 1.45X - 9.79 to predict GA (Y) from HC (X). Conclusion: HC can be used as simple tool to identify high

risk newborns by primary health workers in rural areas of developing countries.
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Introduction

An estimated 1 million babies die globally every year because of pre-
maturity, of which about 375,000 neonatal deaths due to prematurity
and low birthweight occur in India alone [1,2]. Only about half of the
newborns are weighed at birth and for a smaller proportion of them,
the gestational age (GA) is known [3].

Conventionally, GA is calculated by Naegele’s formula and antenatal
ultra-sonography (USG), or by using New Ballard Score (NBS) in ne-
onates. In rural settings with low literacy levels, application of Nae-
gele’s formula and non-availability of antenatal USG check-up are
limiting factors [4,5]. Application of NBS requires the expertise of a
pediatrician who may not be available in remote area. Moreover, it
cannot be used in asphyxiated neonates

Thus, there arises a need to develop a simple, inexpensive and re-
liable method to estimate GA in rural set-up by a community health
worker (6,7) before referral to a higher centre. These alternative meas-
urements should have a close correlation with GA and have very
little intra- and inter-observer variability [8].0nly few studies have
been conducted to find anthropometric surrogate for estimation of
gestational age [9]. Head circumference (HC) is one such parameter
that can be measured easily in preterm and sick neonates. Hence we
conducted this study to prepare reference charts of HC for neonates
from 28 to 42 weeks of gestation and to derive a regression equation
for calculating the gestational age using HC

Materials and Methods :

This cross-sectional study was conducted in a rural tertiary care teach-
ing hospital from August 2011 to February 2012. All the study subjects
hailed from adjoining rural areas and belonged to lower socio-econom-
ic strata of the society. One thousand consecutively selected singleton
live-born babies between the GA of 28 to 42 weeks were included after
obtaining informed written consent from the parents/guardians. The
following were the exclusion criteria- Neonates for whom reliable infor-
mation about gestational age was not available (mother not aware of
the beginning of her last menstrual period; irregular menstrual cycles
prior to pregnancy; bleeding during the first two months of pregnancy;
gross discrepancy between gestational ages calculated by LMP & Bal-
lard’s score by >2 weeks.), those with gross congenital anomalies and
with severe birth asphyxia were excluded from the study. Approval for
the study was obtained from the Institutional Ethics Committee.

HC measurement of all neonates in the study group was performed thrice
within 72 hours of birth and the mean value recorded in a pre-structured

proforma. This was measured between the glabella anteriorly and along
the most prominent point posteriorly by cross-over technique, using a non-
stretchable tape and recorded in centimetres to the nearest 0.1 cms.

GA of the study subjects was calculated from the case sheets of their
mother, using Naegele’s formula, i.e. addition of 9 months and 7 days
to the first day of the last menstrual period (LMP) and by NBS which
was regarded as the gold standard for our study. To avoid inter-ob-
server bias, measurement of HC and the assessment of GA by NBS
were carried out by only one of the investigators.

The collected data was then tabulated according to GA. Using Micro-
soft Excel spread sheet the mean, standard deviation, 3%, 5%, 10",
50t, 90", 95 and 97 percentiles were calculated and then their
curves drawn. The correlation of HC with GA was analyzed by apply-
ing correlation and regression analysis and a regression equation was
derived to calculate GA from HC. The equation so derived was then
validated on a set of 100 neonates randomly selected from the total
population, using a computer-generated random number table.

Results :

Out of 1000 neonates, 560 (56.1%) males and 440 (44%) females
constituted the study group. Their distribution with respect to GA is
graphically represented in Figure 1. 670 (67%) subjects were term
(37-42 wks) and 330 (33%) were preterm babies bearing 28 wks to
36 wks 6 days gestation. The mean, standard deviation and percen-
tiles for head circumference were tabulated with respect to GA as in
Table-1. In the present study, an increase in HC was observed with an
increase in GA i.e. from 25.2 + 1.34 cm at 28 weeks to 32.76 + 1.38 at
37 weeks. The increase was steady initially till 37 weeks after which
growth in HC exhibited plateau level till 42 weeks (Ref Figure 2). The
value of correlation coefficient (r) of HC with GA was 0.977 and re-
gression equation to calculate gestational age from head circumfer-
ence was Y= 1.45X - 9.79, where Y is the gestational age (in weeks)
and X is the Head Circumference (in cms).

Discussion :

During the past two decades, there has been a sustained reduction in
infant and child mortality rate but the reduction in neonatal mortality
rate (NMR) is far from satisfactory [10].

Out of the 3.072 million neonatal deaths reported worldwide by the
World Health Organization (WHO) in 2010, nearly one-third (875,000)
occurred in India [11].The early identification of preterm babies is an
important prerequisite of any initiative to reduce mortality. There are
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various measurements in newborns to assess growth, namely, birth
weight, crown heel length, foot length etc. In many developing coun-
tries including India, the equipments required to measure them may
not be available or the babies may be sick and minimum handling
has been mandated. Assessment of the gestational age by NBS re-
quires expertise owing to its complexity and inter-observer variabil-
ity. Moreover, it is dependent on the neurological condition of the ne-
onate and is time consuming. In such cases, HC is a parameter which
can be easily measured even in sick neonates by health personnel in
rural areas. It requires less handling and negates observer bias.

In the present study, the increase in HC was steady till 37 weeks after
which growth in HC exhibited plateau level till 42 weeks. The mean
values of Head Circumference at various gestational ages as obtained
in this study were in consonance with the other studies [Ghosh et al
(1971) [12]Premalaxminarayana et al (1974) [13].

This study was performed to find correlation of HC with GA in neonates,
so that HC can be used as a surrogate measurement for estimation of
GA . We found a good linear correlation between gestational age and
head-circumference with r = 0.977. Sasanow et al. [9] observed a signif-
icant (p<0.001) linear correlation between HC (r=0.95) and the estimated
gestational age between 25 and 42 weeks. However, Thawani et al [8] ob-
served a value of r= 0.52 for HC in predicting gestational age.

Experienced health workers showed poor skill development, despite being
trained in external Ballard examination to assess gestational age [14]. In
contrast, anthropometric measurements collected by health workers have
been shown to be more reliable than clinical examination [15,16]. Hence,
providing ready mathematical formula for assessment of gestational age
can be valid option for skilled and unskilled peripheral health workers [17].
A regression equation was derived to calculate GA (Y) in weeks from HC (X)
in cms - Y= 1.45X - 9.79 e.g. for a HC of 30 cms, the gestational age calculat-
ed will be 33 weeks, which is very close to the mean value of Head circum-
ference obtained in the present study for this gestational age : 29.5 cms.

The study group comprised of babies delivered to mothers belonging
to adjoining rural areas. Thus the regression equation derived as above
can be unambiguosly applied by a peripheral health worker at rural
community level. However, this study had its share of limitations. The
proportion of study subjects in each gestational week (28-42 weeks)
was not evenly divided with the majority bearing term gestation. The
measurement of HC can be inaccurate if there is alteration in head size
due to moulding during prolonged and obstructed labor.

Conclusion:

The results of our study suggest that HC is a simple, quick and relia-
ble parameter which can be used as an anthropometric surrogate for
estimation of gestational age. It can be easily measured by peripheral
health care workers & traditional birth attendants and could be used
effectively for identifying and referring high risk newborns. However,
further studies with larger sample size involving preterm neonates
mainly are required to validate our results in community settings.
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Figure 1- Break-up of the study sample in each gestational
age

Percentile

Mean [ Mean
GA[ N |Mean|St-dev| 125D | 25D

3rd sth 10th Som gom 95th 97m

28|20 | 25.2|1.344|27.88 |22.512(22.71(22.79|22.98|25.15{27.03 | 27.31{ 27.38

29|16 (25.65|1.575| 28.8 | 22.5 [22.76(23.75/ 239 | 25.2 | 28 |28.15|27.53

30| 15 {26.58|1.406|29.392(23.768|24.4324.46(24.53 26.5 | 28.05{28.55| 28.81

311 28 (28.48|0.967 |30.414(26.546| 27 (27.13|27.26 28.3 |29.82|30.14|30.23

3237 |28.51.488|31.476(25.524( 26.6 | 26.6 | 26.7 |28.55[30.75| 31.5 | 31.5

33| 45 [29.29]1.517|32.324{26.256| 26.2 [26.28{ 26.6 | 29.5 | 31.5 | 31.5 | 31,5

34127 (30.32|11.435|33.19 | 27.45(27.2 | 27.2|28.34| 30.5 [31.76| 32 | 32

35| 66 {30.49|1.401|33.29227.688| 29 | 29 [29.2(30.75| 32.1|32.2 | 32.6

36| 74 (31.54| 1.56 | 34.66 (28.42| 28 | 28 | 29 | 32 | 33 | 33 |34.21

37(132(32.76| 1.38 | 35.52| 30 [30.5(305(31.5(326 346|356 | 358

38(171|33.4111.314|36.038(30.782(30.62( 31.1| 32 |33.5| 35 [35.75| 36

39(208|33.211.451/36.102[30.298 31 | 31 [31.28| 33.4 [35.06| 35.5 | 36.5

40| 82 |33.76/1.110 | 35.98 | 31.54|32.2|32.5|32.5 | 33.6 {3547 35.8 [36.19

41| 55 [34.21(1.172 (36.554{31.866| 31.7 [32.67| 33 | 34.1|35.92|36.06|36.27

42124 134.16/1.009 (36.178[32.142| 33 | 33 |33.06| 34 |35.7|36.42| 36.5

Table-1 Mean, standard deviation and percentiles for
Head circumference (in cms)
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Figure 2 Mean * 2SD and percentile curves of Head cir-
cumference (cms) for gestational age (wks)
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Figure 3 Correlation of head circumference with gesta-
tional age
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