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Introduction:
The neonatal period is the most vulnerable period 
of life1. Neonatal deaths account for 45% of all 
deaths among under-five children2. Most of them 
die at home or at primary health care centers with 
minimal facilities. About 60% of the low birth 

weight (LBW) newborns are born at term due to 
fetal growth restriction termed as Small for Gesta-
tional Age (SGA) newborns, whereas the remain-
ing 40% are born preterm3. The term ‘small for 
gestational age’ (SGA) describes newborns who 
have lower than – expected weight, length, and 

head circumference when controlled for gestation-
al age and sex. In 1995, the World Health Organi-
zation published recommendations defining SGA 
as less than the 10th percentile of weight for gesta-
tional age and Large for gestational age (LGA, 
>90th percentile) with those appropriate for gesta-
tional age (AGA) using localized and anthropo-
metric newborn curve4.

The burden of SGA births is very high in low and 
middle-income countries mostly in South Asia. 
Identifying these LBW and SGA newborns and 
referring them to higher centers for effective inter-
ventions would help in decreasing neonatal 
mortality and morbidity5.

Anthropometric measurements of the newborn 
population specially measurement of birth weight 
are an important scientific research tool to study 
the determinants and consequences of impaired or 
excessive fetal growth6. It is a non-invasive and 
cheap universal technique to assess the body size, 
proportions, and human composition8. The value 
of anthropometric measurement is the basic gold 
standard technique to describe the growth of 
individual and population level7.

In Bangladesh, 70% to 90% of births occur in rural 
areas at home and are conducted by illiterate and 
often untrained traditional birth attendants8. 
Taking accurate birth weight in such field situa-
tions is a problem due to the unavailability of 
weighing scales, ultrasonography, and trained 
personnel9. The identification and evaluation of 
low-cost tools to accurately identify small 
newborns in primary health care and community 
settings has been ranked as the number one 
research priority to reduce global mortality from 
LBW10. A few studies in a variety of settings have 
shown that different anthropometric measure-
ments at birth are highly predictors of LBW10. 
Different workers suggested crown-heel length, 
head circumference, and mid-upper arm circum-
ferences are the best anthropometric surrogates of 
LBW among different populations11,12.

So, this study was done to measure crown heel 
length, head circumference, and mid-upper arm 
circumference of newborns and to compare and 
correlate these measurements with BW thus identi-
fying among this anthropometric measurement 
which would be used as an alternative to birth 
weight for predicting SGA newborns.

Materials and Methods:
This was a cross-sectional, analytical type study, 
done in the Department of Anatomy, Rangpur 
Medical College, Rangpur from July 2020 to June 
2021. The study population consisted of 200 
Bangladeshi newborns of both sexes with gesta-
tional age between 37 and 42 weeks. The subjects 
were collected by convenient purposive sampling 
and were divided into two groups: The appropriate 
for gestational age (AGA) group and the Small for 
gestational age (SGA) group. Group AGA consisted 
of 100 term newborns weighted >2.5 kg who were 
born in the department of Gynae & Obs and the 
group SGA consisted of 100 term newborns 
weighed <2.5 kg who were admitted to the 
SCANU of the Department of Pediatrics of Rang-
pur Medical College Hospital. Subjects of both 
groups were studied within 24 hours of delivery. 
Newborns delivered by cesarean section and 
Normal vaginal delivery were included. However, 
neonates with any congenital abnormality-micro-
cephaly, macrocephaly, any identifiable neurolog-
ical disorder, any H/O birth injury, and obstructed 
labor with maternal DM, and HTN disorders were 
excluded from the study. Permission was taken 
from the Chairperson of the Ethical Committee of 
Rangpur Medical College and permission was also 
taken from proper guardians of the subjects.

Variables of the study:
The Birth weight (kg), Crown heel length (cm), 
Head circumference (cm), and Mid upper arm 
circumference (cm) were measured and the Ponder-
al index and MAC/HC ratio were calculated.

All the measurements were taken thrice and the 
mean of these three was taken. Birth weight was 
measured on an undressed newborn using a digital 
weighing scale and noted in grams to the nearest 
5g. Crown heel length (CHL) was measured by an 
infantometer in cm. Head circumference and 
MUAC were measured by a non-stretchable 
measuring tape in cm. All the measurements were 
performed according to NHANES, anthropometry 
procedures manual13.

The ponderal index and MAC/HC ratio were calcu-
lated. The most commonly used index of neonatal 
body proportionality relates birth weight to birth 
length: Ponderal index = 100 times the birth weight 
(in grams) divided by the cube of birth length (cm). 
MAC/HC ratio = mid-upper arm circumference (in 
cm) divided by head circumference (in cm).

The statistical analysis was carried out using the 
statistical package for social sciences (SPSS version 
26.0). Mean and standard deviation were calculat-
ed for each group. The statistical significance of 
the difference in quantitative variables between 
the Group - AGA Group and SGA Group was 
evaluated by independent sample t-test. Correla-
tion of birth weight with other variables was done 
by Pearson’s correlation coefficient test. In the 
statistical analysis, the significance level was set at 
p-value <0.05 with a 95% confidence interval.

Results:
In this anthropometric study, in the AGA group, 
the range of birth weight was 2.5 to 4 kg and the 
mean± SD was 2.99 ±0.31 kg. In the SGA group, 
the range of birth weight was 1.5 to 2.4 kg and the 
mean ± SD was 2.10±0.24 kg.

Table-I showed the range, mean ± SD of the 
measured variables in AGA and SGA group 
newborns. It was observed from Table-I that the 
CHL, head circumference, and mid-upper arm 
circumference in the AGA group were significantly 
higher than the SGA group (p<.001).

A correlation test was done between birth weight 
and the anthropometric measurements in AGA and 
SGA group newborns. It was observed that in the 
AGA group, the HC and Ponderal index was 
significantly correlated with birth weight but in 
SGA group, a significant positive correlation was 
found between birth weight with all three anthro-
pometric measurements and the Ponderal index.

Discussion:
The Millennium Development Goal 4- to reduce 
deaths of children of under-5 years by 2/3rds- may 
be unattainable without halving newborn deaths, 
which now comprise 38% of all under-5 deaths 
globally11. A major risk factor for neonatal mortali-
ty is LBW. Nearly all the newborns who die are 
LBW, and mostly in rural communities14. In the 
present study, the term new-borns weighted <2.5 
kg was regarded as SGA & ≥2.5 was regarded as 
AGA. Mullany et al.15 stated that <2000 gm was a 
very low birth weight. In the present study, in the 
AGA group, the mean± SD of birth weight was 
2.99 ±0.31kg and in the SGA group, the mean ± 
SD was 2.10±0.24kg.

Crown heel length is widely used for the evalua-
tion of prenatal growth and identification of infants 
requiring detailed assessment and close monitor-
ing during the neonatal period7. In the present 
study, in the AGA group, the range of CHL was 43 
to 59 cm and the mean±SD was 51±3.05cm. In 
the SGA group, CHL was 40 to 50 cm and 
mean±SD was 46.5±2.32cm. The CHL in the AGA 
group was significantly higher than the SGA group 
(p<.001). It was observed that in AGA newborns 
highest mean value of CHL was found by the 
present study (51.30cm) and the lowest value was 
found by Srinivasa et al.19 in India (48.38cm). In 
the SGA group, the highest mean value of CHL was 
found in Verma and Sharma18 which was 
48.15cm, and the lowest mean value was found by 
Srinivasa et al.19 in India (29.12cm). It was found 
by workers that CHL as height was attained in the 
2nd trimester but weight attained completed at 3rd 
trimester so it was less affected than body weight 
by intrauterine malnutrition and was a better guide 
to fetal age than the later as it has been said in the 
literature. It is probable that paternal height and 
maternal height have more influence in determin-
ing an infant’s crown heel length. According to 
Yudkin et al.22 HC may give important diagnostic 
and prognostic information beyond that provided 
by birth weight alone. In the present study, in the 

AGA group, the mean±SD was 35.05±1.70cm, 
and in the kiSGA group, the mean ±SD was 
31.40±1.25 cm. The HC in the AGA group was 
significantly higher than the SGA group (p <.001). 
It was observed that in AGA newborns highest 
mean value of HC was found by Kokku et al.21 in 
India which was 43.65cm and the lowest value 
was found by Rakappan and Kuppusamy16 in India 
which was 32.16cm. In the SGA group, the highest 
mean value of HC was found in the Verma and 
Sharma18 in India which was 33.15cm, and the 
lowest mean value was found by Alia et al.9 in 
Bangladesh that was 28.63cm.

Many previous investigations have reported the 
associations between lower birth weight and head 
circumference and adverse neurodevelopmental 
outcomes in early childhood. Between 7 and 9 
months of age, substantial growth in head circum-
ference is accompanied by rapid cerebral growth, 
myelination of the limbic system, enhanced 
associative pathways, and improved inhibitory 
control.23 Poor physical growth may be a marker 
for disruption of these important steps in brain 
development.The MUAC is easy, cost-effective, 
and reliable for identifying risk neonates and has a 
better correlation with birth weight25. In the 
present study, in the AGA group, the range of 
MUAC was 8 to 15 cm and the mean±SD was 
12.76 ±1.60cm. In the SGA group, the range of 
MUAC was 8 to 14 cm and the mean±SD was 
11.43±1.48cm. The MUAC in the AGA group was 
significantly higher than the SGA group (p<.001). It 
was observed that in AGA newborns highest mean 
value of MUAC was found by the present study 
(12.76cm) and the lowest value was found by 
Kokku et al.21 in India (9.83cm). In the SGA group, 
the highest mean value of MUAC was found in the 
present study (11.43cm) and the lowest mean 
value was found by Alia et al.9 in Dhaka, Bangla-
desh (7.62cm).In the AGA group mean±SD of the 
Ponderal Index was 2.26±.46. In the SGA group 
mean±SD of the Ponderal Index was 2.11±.32. In 
the AGA group mean±SD of MAC/HC was 
.36±.05. In the SGA group mean±SD of MAC/HC 
was .36±.04. The Ponderal index was significantly 
higher in AGA group than SGA group. The 
MAC/HC ratio was almost similar between the 
AGA and SGA groups. Shastry et al26 showed PI 
was 2.07-2.54 in gestational age >37 weeks and 
suggested that it may be used to classify intrauter-
ine growth retardation. As, in the present study, 

BW showed a significant positive correlation with 
the anthropometric variables and Ponderal index 
in the SGA group, these variables could be used as 
an alternative to BW measurement in a rural setup.

Conclusions:
The neonatal mortality rate is very high in Bangla-
desh because of resource-poor settings. This study 
has shown that the simple and inexpensive 
measurement of newborns like head circumfer-
ence, crown heel length, and mid-upper arm 
circumference of newborns play similar roles in 
predicting SGA newborns. These measurements 
are easy to learn and can conveniently be intro-
duced into the existing systems of health care in 
the community of developing nations like Bangla-
desh, Asia, and Africa for use by paramedical 
workers to detect neonates who are at risk. For use 
in low-resource settings, any anthropometric 
device must be inexpensive and easy to maintain. 
Color-coded insertion tapes for measurement of 
variables can easily be made using locally avail-
able materials. However, it was a single-centered 
study in a tertiary care hospital, which may not 
focus on the actual status of the country. So, a 
multicenter study in rural areas of Bangladesh with 
a larger sample would focus on the actual status of 
the country.
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Abstract
Background:
The burden of having small for gestational age (SGA) children is high in 
low- and middle-income countries, mainly in South Asia. Identifying 
these low birth weight and SGA infants and referring them to higher 
centers for effective intervention will help reduce neonatal mortality 
and morbidity. Anthropometric measurements of the neonatal popula-
tion, especially birth weight measurements, constitute an important 
scientific research tool for studying the determinants and consequences 
of impaired or excessive fetal growth.
Objective:
To find an alternative anthropometric procedure, the present study was 
done to measure and compare birth weight with crown heel length 
(CHL), head circumference (HC), and mid-upper arm circumference 
(MUAC) as predictors of birth weight in small for gestational age (SGA).
Methods:
This cross-sectional, analytical study was done in the Department of 
Anatomy, Rangpur Medical College, Rangpur from July 2020 to June 
2021 on 200 newborns of both sexes with gestational age between 37 
and 42 weeks. The newborn was selected and measured within 24 
hours of birth. 100 term newborns weighted <2.5 kg regarded as SGA 
were the subjects of the study. Another 100-term newborns weighted 
>2.5 kg regarded as AGA served as control. The birth weight, head 
circumference, mid-upper arm circumference, and crown heel length 
were measured and a comparison of all the variables was done between 
AGA and SGA newborns. Data was analyzed by using a statistical 
package for social sciences (SPSS version 26).
Result:
The mean± SD of birth weight in AGA and SGA groups was 2.99 ±0.31 
and 2.10±0.24 respectively; it was observed that the mean± SD of 
crown heel length, head circumference, and mid-upper arm circumfer-
ence and Ponderal index in AGA group was significantly higher than 
SGA group; however the MAC/HC ratio was almost similar between 
AGA and SGA groups. All the above variables were significantly 
correlated with birth weight in both AGA and SGA groups.
Conclusion:
Some simple and inexpensive measurements of newborns especially the 
head circumference of SGA newborns are as effective as birth weight 
measurement; crown heel length, and mid-upper arm circumference 
could also be used to predict birth weight in SGA newborns.

Keywords: Appropriate for Gestational Age (AGA), Small for Gestational 
Age (SGA), Birth Weight (BW), Crown Heel Length (CHL), Head 
Circumference (HC), and Mid Upper Arm Circumference (MUAC)
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Introduction:
The neonatal period is the most vulnerable period 
of life1. Neonatal deaths account for 45% of all 
deaths among under-five children2. Most of them 
die at home or at primary health care centers with 
minimal facilities. About 60% of the low birth 

weight (LBW) newborns are born at term due to 
fetal growth restriction termed as Small for Gesta-
tional Age (SGA) newborns, whereas the remain-
ing 40% are born preterm3. The term ‘small for 
gestational age’ (SGA) describes newborns who 
have lower than – expected weight, length, and 

head circumference when controlled for gestation-
al age and sex. In 1995, the World Health Organi-
zation published recommendations defining SGA 
as less than the 10th percentile of weight for gesta-
tional age and Large for gestational age (LGA, 
>90th percentile) with those appropriate for gesta-
tional age (AGA) using localized and anthropo-
metric newborn curve4.

The burden of SGA births is very high in low and 
middle-income countries mostly in South Asia. 
Identifying these LBW and SGA newborns and 
referring them to higher centers for effective inter-
ventions would help in decreasing neonatal 
mortality and morbidity5.

Anthropometric measurements of the newborn 
population specially measurement of birth weight 
are an important scientific research tool to study 
the determinants and consequences of impaired or 
excessive fetal growth6. It is a non-invasive and 
cheap universal technique to assess the body size, 
proportions, and human composition8. The value 
of anthropometric measurement is the basic gold 
standard technique to describe the growth of 
individual and population level7.

In Bangladesh, 70% to 90% of births occur in rural 
areas at home and are conducted by illiterate and 
often untrained traditional birth attendants8. 
Taking accurate birth weight in such field situa-
tions is a problem due to the unavailability of 
weighing scales, ultrasonography, and trained 
personnel9. The identification and evaluation of 
low-cost tools to accurately identify small 
newborns in primary health care and community 
settings has been ranked as the number one 
research priority to reduce global mortality from 
LBW10. A few studies in a variety of settings have 
shown that different anthropometric measure-
ments at birth are highly predictors of LBW10. 
Different workers suggested crown-heel length, 
head circumference, and mid-upper arm circum-
ferences are the best anthropometric surrogates of 
LBW among different populations11,12.

So, this study was done to measure crown heel 
length, head circumference, and mid-upper arm 
circumference of newborns and to compare and 
correlate these measurements with BW thus identi-
fying among this anthropometric measurement 
which would be used as an alternative to birth 
weight for predicting SGA newborns.

Materials and Methods:
This was a cross-sectional, analytical type study, 
done in the Department of Anatomy, Rangpur 
Medical College, Rangpur from July 2020 to June 
2021. The study population consisted of 200 
Bangladeshi newborns of both sexes with gesta-
tional age between 37 and 42 weeks. The subjects 
were collected by convenient purposive sampling 
and were divided into two groups: The appropriate 
for gestational age (AGA) group and the Small for 
gestational age (SGA) group. Group AGA consisted 
of 100 term newborns weighted >2.5 kg who were 
born in the department of Gynae & Obs and the 
group SGA consisted of 100 term newborns 
weighed <2.5 kg who were admitted to the 
SCANU of the Department of Pediatrics of Rang-
pur Medical College Hospital. Subjects of both 
groups were studied within 24 hours of delivery. 
Newborns delivered by cesarean section and 
Normal vaginal delivery were included. However, 
neonates with any congenital abnormality-micro-
cephaly, macrocephaly, any identifiable neurolog-
ical disorder, any H/O birth injury, and obstructed 
labor with maternal DM, and HTN disorders were 
excluded from the study. Permission was taken 
from the Chairperson of the Ethical Committee of 
Rangpur Medical College and permission was also 
taken from proper guardians of the subjects.

Variables of the study:
The Birth weight (kg), Crown heel length (cm), 
Head circumference (cm), and Mid upper arm 
circumference (cm) were measured and the Ponder-
al index and MAC/HC ratio were calculated.

All the measurements were taken thrice and the 
mean of these three was taken. Birth weight was 
measured on an undressed newborn using a digital 
weighing scale and noted in grams to the nearest 
5g. Crown heel length (CHL) was measured by an 
infantometer in cm. Head circumference and 
MUAC were measured by a non-stretchable 
measuring tape in cm. All the measurements were 
performed according to NHANES, anthropometry 
procedures manual13.

The ponderal index and MAC/HC ratio were calcu-
lated. The most commonly used index of neonatal 
body proportionality relates birth weight to birth 
length: Ponderal index = 100 times the birth weight 
(in grams) divided by the cube of birth length (cm). 
MAC/HC ratio = mid-upper arm circumference (in 
cm) divided by head circumference (in cm).

The statistical analysis was carried out using the 
statistical package for social sciences (SPSS version 
26.0). Mean and standard deviation were calculat-
ed for each group. The statistical significance of 
the difference in quantitative variables between 
the Group - AGA Group and SGA Group was 
evaluated by independent sample t-test. Correla-
tion of birth weight with other variables was done 
by Pearson’s correlation coefficient test. In the 
statistical analysis, the significance level was set at 
p-value <0.05 with a 95% confidence interval.

Results:
In this anthropometric study, in the AGA group, 
the range of birth weight was 2.5 to 4 kg and the 
mean± SD was 2.99 ±0.31 kg. In the SGA group, 
the range of birth weight was 1.5 to 2.4 kg and the 
mean ± SD was 2.10±0.24 kg.

Table-I showed the range, mean ± SD of the 
measured variables in AGA and SGA group 
newborns. It was observed from Table-I that the 
CHL, head circumference, and mid-upper arm 
circumference in the AGA group were significantly 
higher than the SGA group (p<.001).

A correlation test was done between birth weight 
and the anthropometric measurements in AGA and 
SGA group newborns. It was observed that in the 
AGA group, the HC and Ponderal index was 
significantly correlated with birth weight but in 
SGA group, a significant positive correlation was 
found between birth weight with all three anthro-
pometric measurements and the Ponderal index.

Discussion:
The Millennium Development Goal 4- to reduce 
deaths of children of under-5 years by 2/3rds- may 
be unattainable without halving newborn deaths, 
which now comprise 38% of all under-5 deaths 
globally11. A major risk factor for neonatal mortali-
ty is LBW. Nearly all the newborns who die are 
LBW, and mostly in rural communities14. In the 
present study, the term new-borns weighted <2.5 
kg was regarded as SGA & ≥2.5 was regarded as 
AGA. Mullany et al.15 stated that <2000 gm was a 
very low birth weight. In the present study, in the 
AGA group, the mean± SD of birth weight was 
2.99 ±0.31kg and in the SGA group, the mean ± 
SD was 2.10±0.24kg.

Crown heel length is widely used for the evalua-
tion of prenatal growth and identification of infants 
requiring detailed assessment and close monitor-
ing during the neonatal period7. In the present 
study, in the AGA group, the range of CHL was 43 
to 59 cm and the mean±SD was 51±3.05cm. In 
the SGA group, CHL was 40 to 50 cm and 
mean±SD was 46.5±2.32cm. The CHL in the AGA 
group was significantly higher than the SGA group 
(p<.001). It was observed that in AGA newborns 
highest mean value of CHL was found by the 
present study (51.30cm) and the lowest value was 
found by Srinivasa et al.19 in India (48.38cm). In 
the SGA group, the highest mean value of CHL was 
found in Verma and Sharma18 which was 
48.15cm, and the lowest mean value was found by 
Srinivasa et al.19 in India (29.12cm). It was found 
by workers that CHL as height was attained in the 
2nd trimester but weight attained completed at 3rd 
trimester so it was less affected than body weight 
by intrauterine malnutrition and was a better guide 
to fetal age than the later as it has been said in the 
literature. It is probable that paternal height and 
maternal height have more influence in determin-
ing an infant’s crown heel length. According to 
Yudkin et al.22 HC may give important diagnostic 
and prognostic information beyond that provided 
by birth weight alone. In the present study, in the 

AGA group, the mean±SD was 35.05±1.70cm, 
and in the kiSGA group, the mean ±SD was 
31.40±1.25 cm. The HC in the AGA group was 
significantly higher than the SGA group (p <.001). 
It was observed that in AGA newborns highest 
mean value of HC was found by Kokku et al.21 in 
India which was 43.65cm and the lowest value 
was found by Rakappan and Kuppusamy16 in India 
which was 32.16cm. In the SGA group, the highest 
mean value of HC was found in the Verma and 
Sharma18 in India which was 33.15cm, and the 
lowest mean value was found by Alia et al.9 in 
Bangladesh that was 28.63cm.

Many previous investigations have reported the 
associations between lower birth weight and head 
circumference and adverse neurodevelopmental 
outcomes in early childhood. Between 7 and 9 
months of age, substantial growth in head circum-
ference is accompanied by rapid cerebral growth, 
myelination of the limbic system, enhanced 
associative pathways, and improved inhibitory 
control.23 Poor physical growth may be a marker 
for disruption of these important steps in brain 
development.The MUAC is easy, cost-effective, 
and reliable for identifying risk neonates and has a 
better correlation with birth weight25. In the 
present study, in the AGA group, the range of 
MUAC was 8 to 15 cm and the mean±SD was 
12.76 ±1.60cm. In the SGA group, the range of 
MUAC was 8 to 14 cm and the mean±SD was 
11.43±1.48cm. The MUAC in the AGA group was 
significantly higher than the SGA group (p<.001). It 
was observed that in AGA newborns highest mean 
value of MUAC was found by the present study 
(12.76cm) and the lowest value was found by 
Kokku et al.21 in India (9.83cm). In the SGA group, 
the highest mean value of MUAC was found in the 
present study (11.43cm) and the lowest mean 
value was found by Alia et al.9 in Dhaka, Bangla-
desh (7.62cm).In the AGA group mean±SD of the 
Ponderal Index was 2.26±.46. In the SGA group 
mean±SD of the Ponderal Index was 2.11±.32. In 
the AGA group mean±SD of MAC/HC was 
.36±.05. In the SGA group mean±SD of MAC/HC 
was .36±.04. The Ponderal index was significantly 
higher in AGA group than SGA group. The 
MAC/HC ratio was almost similar between the 
AGA and SGA groups. Shastry et al26 showed PI 
was 2.07-2.54 in gestational age >37 weeks and 
suggested that it may be used to classify intrauter-
ine growth retardation. As, in the present study, 

BW showed a significant positive correlation with 
the anthropometric variables and Ponderal index 
in the SGA group, these variables could be used as 
an alternative to BW measurement in a rural setup.

Conclusions:
The neonatal mortality rate is very high in Bangla-
desh because of resource-poor settings. This study 
has shown that the simple and inexpensive 
measurement of newborns like head circumfer-
ence, crown heel length, and mid-upper arm 
circumference of newborns play similar roles in 
predicting SGA newborns. These measurements 
are easy to learn and can conveniently be intro-
duced into the existing systems of health care in 
the community of developing nations like Bangla-
desh, Asia, and Africa for use by paramedical 
workers to detect neonates who are at risk. For use 
in low-resource settings, any anthropometric 
device must be inexpensive and easy to maintain. 
Color-coded insertion tapes for measurement of 
variables can easily be made using locally avail-
able materials. However, it was a single-centered 
study in a tertiary care hospital, which may not 
focus on the actual status of the country. So, a 
multicenter study in rural areas of Bangladesh with 
a larger sample would focus on the actual status of 
the country.
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Introduction:
The neonatal period is the most vulnerable period 
of life1. Neonatal deaths account for 45% of all 
deaths among under-five children2. Most of them 
die at home or at primary health care centers with 
minimal facilities. About 60% of the low birth 

weight (LBW) newborns are born at term due to 
fetal growth restriction termed as Small for Gesta-
tional Age (SGA) newborns, whereas the remain-
ing 40% are born preterm3. The term ‘small for 
gestational age’ (SGA) describes newborns who 
have lower than – expected weight, length, and 

head circumference when controlled for gestation-
al age and sex. In 1995, the World Health Organi-
zation published recommendations defining SGA 
as less than the 10th percentile of weight for gesta-
tional age and Large for gestational age (LGA, 
>90th percentile) with those appropriate for gesta-
tional age (AGA) using localized and anthropo-
metric newborn curve4.

The burden of SGA births is very high in low and 
middle-income countries mostly in South Asia. 
Identifying these LBW and SGA newborns and 
referring them to higher centers for effective inter-
ventions would help in decreasing neonatal 
mortality and morbidity5.

Anthropometric measurements of the newborn 
population specially measurement of birth weight 
are an important scientific research tool to study 
the determinants and consequences of impaired or 
excessive fetal growth6. It is a non-invasive and 
cheap universal technique to assess the body size, 
proportions, and human composition8. The value 
of anthropometric measurement is the basic gold 
standard technique to describe the growth of 
individual and population level7.

In Bangladesh, 70% to 90% of births occur in rural 
areas at home and are conducted by illiterate and 
often untrained traditional birth attendants8. 
Taking accurate birth weight in such field situa-
tions is a problem due to the unavailability of 
weighing scales, ultrasonography, and trained 
personnel9. The identification and evaluation of 
low-cost tools to accurately identify small 
newborns in primary health care and community 
settings has been ranked as the number one 
research priority to reduce global mortality from 
LBW10. A few studies in a variety of settings have 
shown that different anthropometric measure-
ments at birth are highly predictors of LBW10. 
Different workers suggested crown-heel length, 
head circumference, and mid-upper arm circum-
ferences are the best anthropometric surrogates of 
LBW among different populations11,12.

So, this study was done to measure crown heel 
length, head circumference, and mid-upper arm 
circumference of newborns and to compare and 
correlate these measurements with BW thus identi-
fying among this anthropometric measurement 
which would be used as an alternative to birth 
weight for predicting SGA newborns.

Materials and Methods:
This was a cross-sectional, analytical type study, 
done in the Department of Anatomy, Rangpur 
Medical College, Rangpur from July 2020 to June 
2021. The study population consisted of 200 
Bangladeshi newborns of both sexes with gesta-
tional age between 37 and 42 weeks. The subjects 
were collected by convenient purposive sampling 
and were divided into two groups: The appropriate 
for gestational age (AGA) group and the Small for 
gestational age (SGA) group. Group AGA consisted 
of 100 term newborns weighted >2.5 kg who were 
born in the department of Gynae & Obs and the 
group SGA consisted of 100 term newborns 
weighed <2.5 kg who were admitted to the 
SCANU of the Department of Pediatrics of Rang-
pur Medical College Hospital. Subjects of both 
groups were studied within 24 hours of delivery. 
Newborns delivered by cesarean section and 
Normal vaginal delivery were included. However, 
neonates with any congenital abnormality-micro-
cephaly, macrocephaly, any identifiable neurolog-
ical disorder, any H/O birth injury, and obstructed 
labor with maternal DM, and HTN disorders were 
excluded from the study. Permission was taken 
from the Chairperson of the Ethical Committee of 
Rangpur Medical College and permission was also 
taken from proper guardians of the subjects.

Variables of the study:
The Birth weight (kg), Crown heel length (cm), 
Head circumference (cm), and Mid upper arm 
circumference (cm) were measured and the Ponder-
al index and MAC/HC ratio were calculated.

All the measurements were taken thrice and the 
mean of these three was taken. Birth weight was 
measured on an undressed newborn using a digital 
weighing scale and noted in grams to the nearest 
5g. Crown heel length (CHL) was measured by an 
infantometer in cm. Head circumference and 
MUAC were measured by a non-stretchable 
measuring tape in cm. All the measurements were 
performed according to NHANES, anthropometry 
procedures manual13.

The ponderal index and MAC/HC ratio were calcu-
lated. The most commonly used index of neonatal 
body proportionality relates birth weight to birth 
length: Ponderal index = 100 times the birth weight 
(in grams) divided by the cube of birth length (cm). 
MAC/HC ratio = mid-upper arm circumference (in 
cm) divided by head circumference (in cm).

The statistical analysis was carried out using the 
statistical package for social sciences (SPSS version 
26.0). Mean and standard deviation were calculat-
ed for each group. The statistical significance of 
the difference in quantitative variables between 
the Group - AGA Group and SGA Group was 
evaluated by independent sample t-test. Correla-
tion of birth weight with other variables was done 
by Pearson’s correlation coefficient test. In the 
statistical analysis, the significance level was set at 
p-value <0.05 with a 95% confidence interval.

Results:
In this anthropometric study, in the AGA group, 
the range of birth weight was 2.5 to 4 kg and the 
mean± SD was 2.99 ±0.31 kg. In the SGA group, 
the range of birth weight was 1.5 to 2.4 kg and the 
mean ± SD was 2.10±0.24 kg.

Table-I showed the range, mean ± SD of the 
measured variables in AGA and SGA group 
newborns. It was observed from Table-I that the 
CHL, head circumference, and mid-upper arm 
circumference in the AGA group were significantly 
higher than the SGA group (p<.001).

A correlation test was done between birth weight 
and the anthropometric measurements in AGA and 
SGA group newborns. It was observed that in the 
AGA group, the HC and Ponderal index was 
significantly correlated with birth weight but in 
SGA group, a significant positive correlation was 
found between birth weight with all three anthro-
pometric measurements and the Ponderal index.

Discussion:
The Millennium Development Goal 4- to reduce 
deaths of children of under-5 years by 2/3rds- may 
be unattainable without halving newborn deaths, 
which now comprise 38% of all under-5 deaths 
globally11. A major risk factor for neonatal mortali-
ty is LBW. Nearly all the newborns who die are 
LBW, and mostly in rural communities14. In the 
present study, the term new-borns weighted <2.5 
kg was regarded as SGA & ≥2.5 was regarded as 
AGA. Mullany et al.15 stated that <2000 gm was a 
very low birth weight. In the present study, in the 
AGA group, the mean± SD of birth weight was 
2.99 ±0.31kg and in the SGA group, the mean ± 
SD was 2.10±0.24kg.

Crown heel length is widely used for the evalua-
tion of prenatal growth and identification of infants 
requiring detailed assessment and close monitor-
ing during the neonatal period7. In the present 
study, in the AGA group, the range of CHL was 43 
to 59 cm and the mean±SD was 51±3.05cm. In 
the SGA group, CHL was 40 to 50 cm and 
mean±SD was 46.5±2.32cm. The CHL in the AGA 
group was significantly higher than the SGA group 
(p<.001). It was observed that in AGA newborns 
highest mean value of CHL was found by the 
present study (51.30cm) and the lowest value was 
found by Srinivasa et al.19 in India (48.38cm). In 
the SGA group, the highest mean value of CHL was 
found in Verma and Sharma18 which was 
48.15cm, and the lowest mean value was found by 
Srinivasa et al.19 in India (29.12cm). It was found 
by workers that CHL as height was attained in the 
2nd trimester but weight attained completed at 3rd 
trimester so it was less affected than body weight 
by intrauterine malnutrition and was a better guide 
to fetal age than the later as it has been said in the 
literature. It is probable that paternal height and 
maternal height have more influence in determin-
ing an infant’s crown heel length. According to 
Yudkin et al.22 HC may give important diagnostic 
and prognostic information beyond that provided 
by birth weight alone. In the present study, in the 

AGA group, the mean±SD was 35.05±1.70cm, 
and in the kiSGA group, the mean ±SD was 
31.40±1.25 cm. The HC in the AGA group was 
significantly higher than the SGA group (p <.001). 
It was observed that in AGA newborns highest 
mean value of HC was found by Kokku et al.21 in 
India which was 43.65cm and the lowest value 
was found by Rakappan and Kuppusamy16 in India 
which was 32.16cm. In the SGA group, the highest 
mean value of HC was found in the Verma and 
Sharma18 in India which was 33.15cm, and the 
lowest mean value was found by Alia et al.9 in 
Bangladesh that was 28.63cm.

Many previous investigations have reported the 
associations between lower birth weight and head 
circumference and adverse neurodevelopmental 
outcomes in early childhood. Between 7 and 9 
months of age, substantial growth in head circum-
ference is accompanied by rapid cerebral growth, 
myelination of the limbic system, enhanced 
associative pathways, and improved inhibitory 
control.23 Poor physical growth may be a marker 
for disruption of these important steps in brain 
development.The MUAC is easy, cost-effective, 
and reliable for identifying risk neonates and has a 
better correlation with birth weight25. In the 
present study, in the AGA group, the range of 
MUAC was 8 to 15 cm and the mean±SD was 
12.76 ±1.60cm. In the SGA group, the range of 
MUAC was 8 to 14 cm and the mean±SD was 
11.43±1.48cm. The MUAC in the AGA group was 
significantly higher than the SGA group (p<.001). It 
was observed that in AGA newborns highest mean 
value of MUAC was found by the present study 
(12.76cm) and the lowest value was found by 
Kokku et al.21 in India (9.83cm). In the SGA group, 
the highest mean value of MUAC was found in the 
present study (11.43cm) and the lowest mean 
value was found by Alia et al.9 in Dhaka, Bangla-
desh (7.62cm).In the AGA group mean±SD of the 
Ponderal Index was 2.26±.46. In the SGA group 
mean±SD of the Ponderal Index was 2.11±.32. In 
the AGA group mean±SD of MAC/HC was 
.36±.05. In the SGA group mean±SD of MAC/HC 
was .36±.04. The Ponderal index was significantly 
higher in AGA group than SGA group. The 
MAC/HC ratio was almost similar between the 
AGA and SGA groups. Shastry et al26 showed PI 
was 2.07-2.54 in gestational age >37 weeks and 
suggested that it may be used to classify intrauter-
ine growth retardation. As, in the present study, 

BW showed a significant positive correlation with 
the anthropometric variables and Ponderal index 
in the SGA group, these variables could be used as 
an alternative to BW measurement in a rural setup.

Conclusions:
The neonatal mortality rate is very high in Bangla-
desh because of resource-poor settings. This study 
has shown that the simple and inexpensive 
measurement of newborns like head circumfer-
ence, crown heel length, and mid-upper arm 
circumference of newborns play similar roles in 
predicting SGA newborns. These measurements 
are easy to learn and can conveniently be intro-
duced into the existing systems of health care in 
the community of developing nations like Bangla-
desh, Asia, and Africa for use by paramedical 
workers to detect neonates who are at risk. For use 
in low-resource settings, any anthropometric 
device must be inexpensive and easy to maintain. 
Color-coded insertion tapes for measurement of 
variables can easily be made using locally avail-
able materials. However, it was a single-centered 
study in a tertiary care hospital, which may not 
focus on the actual status of the country. So, a 
multicenter study in rural areas of Bangladesh with 
a larger sample would focus on the actual status of 
the country.
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Comparison of Ponderal Index and MAC/HC ratio 
between AGA and SGA groups

Table-II showed that the Ponderal index was 
significantly higher in AGA group than SGA group. 
However the MAC/HC ratio was almost similar 
between AGA and SGA groups.

Variables AGA SGA 
p-

value
Crown heel
length

51.3±3.05
43-59

46.5±2.32
40-50

<.001

Head
circumference

35.09±1.70
30-38

31.40±1.25
27-37 <.001

Mid arm
circumference

12.76±1.59
8-15

11.43±1.48
8-14

<.001

Table-I: Comparison of crown heel length, Head 
circumference and Mid arm circumference between 
AGA and SGA Groups (n=100 in each group)

Variables
AGA SGA

p-value
Range Mean±SD Range Mean±SD

Ponderal 
Index

1.22-4.02 2.26±.46 1.36-3.24 2.11±.32 .009

MAC/HC 
ratio

.03-.42 .36±.05 .26-.44 .36±.04 .46

Table-II: Descriptive statistics of Ponderal index 
and MAC/HC
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Introduction:
The neonatal period is the most vulnerable period 
of life1. Neonatal deaths account for 45% of all 
deaths among under-five children2. Most of them 
die at home or at primary health care centers with 
minimal facilities. About 60% of the low birth 

weight (LBW) newborns are born at term due to 
fetal growth restriction termed as Small for Gesta-
tional Age (SGA) newborns, whereas the remain-
ing 40% are born preterm3. The term ‘small for 
gestational age’ (SGA) describes newborns who 
have lower than – expected weight, length, and 

head circumference when controlled for gestation-
al age and sex. In 1995, the World Health Organi-
zation published recommendations defining SGA 
as less than the 10th percentile of weight for gesta-
tional age and Large for gestational age (LGA, 
>90th percentile) with those appropriate for gesta-
tional age (AGA) using localized and anthropo-
metric newborn curve4.

The burden of SGA births is very high in low and 
middle-income countries mostly in South Asia. 
Identifying these LBW and SGA newborns and 
referring them to higher centers for effective inter-
ventions would help in decreasing neonatal 
mortality and morbidity5.

Anthropometric measurements of the newborn 
population specially measurement of birth weight 
are an important scientific research tool to study 
the determinants and consequences of impaired or 
excessive fetal growth6. It is a non-invasive and 
cheap universal technique to assess the body size, 
proportions, and human composition8. The value 
of anthropometric measurement is the basic gold 
standard technique to describe the growth of 
individual and population level7.

In Bangladesh, 70% to 90% of births occur in rural 
areas at home and are conducted by illiterate and 
often untrained traditional birth attendants8. 
Taking accurate birth weight in such field situa-
tions is a problem due to the unavailability of 
weighing scales, ultrasonography, and trained 
personnel9. The identification and evaluation of 
low-cost tools to accurately identify small 
newborns in primary health care and community 
settings has been ranked as the number one 
research priority to reduce global mortality from 
LBW10. A few studies in a variety of settings have 
shown that different anthropometric measure-
ments at birth are highly predictors of LBW10. 
Different workers suggested crown-heel length, 
head circumference, and mid-upper arm circum-
ferences are the best anthropometric surrogates of 
LBW among different populations11,12.

So, this study was done to measure crown heel 
length, head circumference, and mid-upper arm 
circumference of newborns and to compare and 
correlate these measurements with BW thus identi-
fying among this anthropometric measurement 
which would be used as an alternative to birth 
weight for predicting SGA newborns.

Materials and Methods:
This was a cross-sectional, analytical type study, 
done in the Department of Anatomy, Rangpur 
Medical College, Rangpur from July 2020 to June 
2021. The study population consisted of 200 
Bangladeshi newborns of both sexes with gesta-
tional age between 37 and 42 weeks. The subjects 
were collected by convenient purposive sampling 
and were divided into two groups: The appropriate 
for gestational age (AGA) group and the Small for 
gestational age (SGA) group. Group AGA consisted 
of 100 term newborns weighted >2.5 kg who were 
born in the department of Gynae & Obs and the 
group SGA consisted of 100 term newborns 
weighed <2.5 kg who were admitted to the 
SCANU of the Department of Pediatrics of Rang-
pur Medical College Hospital. Subjects of both 
groups were studied within 24 hours of delivery. 
Newborns delivered by cesarean section and 
Normal vaginal delivery were included. However, 
neonates with any congenital abnormality-micro-
cephaly, macrocephaly, any identifiable neurolog-
ical disorder, any H/O birth injury, and obstructed 
labor with maternal DM, and HTN disorders were 
excluded from the study. Permission was taken 
from the Chairperson of the Ethical Committee of 
Rangpur Medical College and permission was also 
taken from proper guardians of the subjects.

Variables of the study:
The Birth weight (kg), Crown heel length (cm), 
Head circumference (cm), and Mid upper arm 
circumference (cm) were measured and the Ponder-
al index and MAC/HC ratio were calculated.

All the measurements were taken thrice and the 
mean of these three was taken. Birth weight was 
measured on an undressed newborn using a digital 
weighing scale and noted in grams to the nearest 
5g. Crown heel length (CHL) was measured by an 
infantometer in cm. Head circumference and 
MUAC were measured by a non-stretchable 
measuring tape in cm. All the measurements were 
performed according to NHANES, anthropometry 
procedures manual13.

The ponderal index and MAC/HC ratio were calcu-
lated. The most commonly used index of neonatal 
body proportionality relates birth weight to birth 
length: Ponderal index = 100 times the birth weight 
(in grams) divided by the cube of birth length (cm). 
MAC/HC ratio = mid-upper arm circumference (in 
cm) divided by head circumference (in cm).

The statistical analysis was carried out using the 
statistical package for social sciences (SPSS version 
26.0). Mean and standard deviation were calculat-
ed for each group. The statistical significance of 
the difference in quantitative variables between 
the Group - AGA Group and SGA Group was 
evaluated by independent sample t-test. Correla-
tion of birth weight with other variables was done 
by Pearson’s correlation coefficient test. In the 
statistical analysis, the significance level was set at 
p-value <0.05 with a 95% confidence interval.

Results:
In this anthropometric study, in the AGA group, 
the range of birth weight was 2.5 to 4 kg and the 
mean± SD was 2.99 ±0.31 kg. In the SGA group, 
the range of birth weight was 1.5 to 2.4 kg and the 
mean ± SD was 2.10±0.24 kg.

Table-I showed the range, mean ± SD of the 
measured variables in AGA and SGA group 
newborns. It was observed from Table-I that the 
CHL, head circumference, and mid-upper arm 
circumference in the AGA group were significantly 
higher than the SGA group (p<.001).

A correlation test was done between birth weight 
and the anthropometric measurements in AGA and 
SGA group newborns. It was observed that in the 
AGA group, the HC and Ponderal index was 
significantly correlated with birth weight but in 
SGA group, a significant positive correlation was 
found between birth weight with all three anthro-
pometric measurements and the Ponderal index.

Discussion:
The Millennium Development Goal 4- to reduce 
deaths of children of under-5 years by 2/3rds- may 
be unattainable without halving newborn deaths, 
which now comprise 38% of all under-5 deaths 
globally11. A major risk factor for neonatal mortali-
ty is LBW. Nearly all the newborns who die are 
LBW, and mostly in rural communities14. In the 
present study, the term new-borns weighted <2.5 
kg was regarded as SGA & ≥2.5 was regarded as 
AGA. Mullany et al.15 stated that <2000 gm was a 
very low birth weight. In the present study, in the 
AGA group, the mean± SD of birth weight was 
2.99 ±0.31kg and in the SGA group, the mean ± 
SD was 2.10±0.24kg.

Crown heel length is widely used for the evalua-
tion of prenatal growth and identification of infants 
requiring detailed assessment and close monitor-
ing during the neonatal period7. In the present 
study, in the AGA group, the range of CHL was 43 
to 59 cm and the mean±SD was 51±3.05cm. In 
the SGA group, CHL was 40 to 50 cm and 
mean±SD was 46.5±2.32cm. The CHL in the AGA 
group was significantly higher than the SGA group 
(p<.001). It was observed that in AGA newborns 
highest mean value of CHL was found by the 
present study (51.30cm) and the lowest value was 
found by Srinivasa et al.19 in India (48.38cm). In 
the SGA group, the highest mean value of CHL was 
found in Verma and Sharma18 which was 
48.15cm, and the lowest mean value was found by 
Srinivasa et al.19 in India (29.12cm). It was found 
by workers that CHL as height was attained in the 
2nd trimester but weight attained completed at 3rd 
trimester so it was less affected than body weight 
by intrauterine malnutrition and was a better guide 
to fetal age than the later as it has been said in the 
literature. It is probable that paternal height and 
maternal height have more influence in determin-
ing an infant’s crown heel length. According to 
Yudkin et al.22 HC may give important diagnostic 
and prognostic information beyond that provided 
by birth weight alone. In the present study, in the 

AGA group, the mean±SD was 35.05±1.70cm, 
and in the kiSGA group, the mean ±SD was 
31.40±1.25 cm. The HC in the AGA group was 
significantly higher than the SGA group (p <.001). 
It was observed that in AGA newborns highest 
mean value of HC was found by Kokku et al.21 in 
India which was 43.65cm and the lowest value 
was found by Rakappan and Kuppusamy16 in India 
which was 32.16cm. In the SGA group, the highest 
mean value of HC was found in the Verma and 
Sharma18 in India which was 33.15cm, and the 
lowest mean value was found by Alia et al.9 in 
Bangladesh that was 28.63cm.

Many previous investigations have reported the 
associations between lower birth weight and head 
circumference and adverse neurodevelopmental 
outcomes in early childhood. Between 7 and 9 
months of age, substantial growth in head circum-
ference is accompanied by rapid cerebral growth, 
myelination of the limbic system, enhanced 
associative pathways, and improved inhibitory 
control.23 Poor physical growth may be a marker 
for disruption of these important steps in brain 
development.The MUAC is easy, cost-effective, 
and reliable for identifying risk neonates and has a 
better correlation with birth weight25. In the 
present study, in the AGA group, the range of 
MUAC was 8 to 15 cm and the mean±SD was 
12.76 ±1.60cm. In the SGA group, the range of 
MUAC was 8 to 14 cm and the mean±SD was 
11.43±1.48cm. The MUAC in the AGA group was 
significantly higher than the SGA group (p<.001). It 
was observed that in AGA newborns highest mean 
value of MUAC was found by the present study 
(12.76cm) and the lowest value was found by 
Kokku et al.21 in India (9.83cm). In the SGA group, 
the highest mean value of MUAC was found in the 
present study (11.43cm) and the lowest mean 
value was found by Alia et al.9 in Dhaka, Bangla-
desh (7.62cm).In the AGA group mean±SD of the 
Ponderal Index was 2.26±.46. In the SGA group 
mean±SD of the Ponderal Index was 2.11±.32. In 
the AGA group mean±SD of MAC/HC was 
.36±.05. In the SGA group mean±SD of MAC/HC 
was .36±.04. The Ponderal index was significantly 
higher in AGA group than SGA group. The 
MAC/HC ratio was almost similar between the 
AGA and SGA groups. Shastry et al26 showed PI 
was 2.07-2.54 in gestational age >37 weeks and 
suggested that it may be used to classify intrauter-
ine growth retardation. As, in the present study, 

BW showed a significant positive correlation with 
the anthropometric variables and Ponderal index 
in the SGA group, these variables could be used as 
an alternative to BW measurement in a rural setup.

Conclusions:
The neonatal mortality rate is very high in Bangla-
desh because of resource-poor settings. This study 
has shown that the simple and inexpensive 
measurement of newborns like head circumfer-
ence, crown heel length, and mid-upper arm 
circumference of newborns play similar roles in 
predicting SGA newborns. These measurements 
are easy to learn and can conveniently be intro-
duced into the existing systems of health care in 
the community of developing nations like Bangla-
desh, Asia, and Africa for use by paramedical 
workers to detect neonates who are at risk. For use 
in low-resource settings, any anthropometric 
device must be inexpensive and easy to maintain. 
Color-coded insertion tapes for measurement of 
variables can easily be made using locally avail-
able materials. However, it was a single-centered 
study in a tertiary care hospital, which may not 
focus on the actual status of the country. So, a 
multicenter study in rural areas of Bangladesh with 
a larger sample would focus on the actual status of 
the country.
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Introduction:
The neonatal period is the most vulnerable period 
of life1. Neonatal deaths account for 45% of all 
deaths among under-five children2. Most of them 
die at home or at primary health care centers with 
minimal facilities. About 60% of the low birth 

weight (LBW) newborns are born at term due to 
fetal growth restriction termed as Small for Gesta-
tional Age (SGA) newborns, whereas the remain-
ing 40% are born preterm3. The term ‘small for 
gestational age’ (SGA) describes newborns who 
have lower than – expected weight, length, and 

head circumference when controlled for gestation-
al age and sex. In 1995, the World Health Organi-
zation published recommendations defining SGA 
as less than the 10th percentile of weight for gesta-
tional age and Large for gestational age (LGA, 
>90th percentile) with those appropriate for gesta-
tional age (AGA) using localized and anthropo-
metric newborn curve4.

The burden of SGA births is very high in low and 
middle-income countries mostly in South Asia. 
Identifying these LBW and SGA newborns and 
referring them to higher centers for effective inter-
ventions would help in decreasing neonatal 
mortality and morbidity5.

Anthropometric measurements of the newborn 
population specially measurement of birth weight 
are an important scientific research tool to study 
the determinants and consequences of impaired or 
excessive fetal growth6. It is a non-invasive and 
cheap universal technique to assess the body size, 
proportions, and human composition8. The value 
of anthropometric measurement is the basic gold 
standard technique to describe the growth of 
individual and population level7.

In Bangladesh, 70% to 90% of births occur in rural 
areas at home and are conducted by illiterate and 
often untrained traditional birth attendants8. 
Taking accurate birth weight in such field situa-
tions is a problem due to the unavailability of 
weighing scales, ultrasonography, and trained 
personnel9. The identification and evaluation of 
low-cost tools to accurately identify small 
newborns in primary health care and community 
settings has been ranked as the number one 
research priority to reduce global mortality from 
LBW10. A few studies in a variety of settings have 
shown that different anthropometric measure-
ments at birth are highly predictors of LBW10. 
Different workers suggested crown-heel length, 
head circumference, and mid-upper arm circum-
ferences are the best anthropometric surrogates of 
LBW among different populations11,12.

So, this study was done to measure crown heel 
length, head circumference, and mid-upper arm 
circumference of newborns and to compare and 
correlate these measurements with BW thus identi-
fying among this anthropometric measurement 
which would be used as an alternative to birth 
weight for predicting SGA newborns.

Materials and Methods:
This was a cross-sectional, analytical type study, 
done in the Department of Anatomy, Rangpur 
Medical College, Rangpur from July 2020 to June 
2021. The study population consisted of 200 
Bangladeshi newborns of both sexes with gesta-
tional age between 37 and 42 weeks. The subjects 
were collected by convenient purposive sampling 
and were divided into two groups: The appropriate 
for gestational age (AGA) group and the Small for 
gestational age (SGA) group. Group AGA consisted 
of 100 term newborns weighted >2.5 kg who were 
born in the department of Gynae & Obs and the 
group SGA consisted of 100 term newborns 
weighed <2.5 kg who were admitted to the 
SCANU of the Department of Pediatrics of Rang-
pur Medical College Hospital. Subjects of both 
groups were studied within 24 hours of delivery. 
Newborns delivered by cesarean section and 
Normal vaginal delivery were included. However, 
neonates with any congenital abnormality-micro-
cephaly, macrocephaly, any identifiable neurolog-
ical disorder, any H/O birth injury, and obstructed 
labor with maternal DM, and HTN disorders were 
excluded from the study. Permission was taken 
from the Chairperson of the Ethical Committee of 
Rangpur Medical College and permission was also 
taken from proper guardians of the subjects.

Variables of the study:
The Birth weight (kg), Crown heel length (cm), 
Head circumference (cm), and Mid upper arm 
circumference (cm) were measured and the Ponder-
al index and MAC/HC ratio were calculated.

All the measurements were taken thrice and the 
mean of these three was taken. Birth weight was 
measured on an undressed newborn using a digital 
weighing scale and noted in grams to the nearest 
5g. Crown heel length (CHL) was measured by an 
infantometer in cm. Head circumference and 
MUAC were measured by a non-stretchable 
measuring tape in cm. All the measurements were 
performed according to NHANES, anthropometry 
procedures manual13.

The ponderal index and MAC/HC ratio were calcu-
lated. The most commonly used index of neonatal 
body proportionality relates birth weight to birth 
length: Ponderal index = 100 times the birth weight 
(in grams) divided by the cube of birth length (cm). 
MAC/HC ratio = mid-upper arm circumference (in 
cm) divided by head circumference (in cm).

The statistical analysis was carried out using the 
statistical package for social sciences (SPSS version 
26.0). Mean and standard deviation were calculat-
ed for each group. The statistical significance of 
the difference in quantitative variables between 
the Group - AGA Group and SGA Group was 
evaluated by independent sample t-test. Correla-
tion of birth weight with other variables was done 
by Pearson’s correlation coefficient test. In the 
statistical analysis, the significance level was set at 
p-value <0.05 with a 95% confidence interval.

Results:
In this anthropometric study, in the AGA group, 
the range of birth weight was 2.5 to 4 kg and the 
mean± SD was 2.99 ±0.31 kg. In the SGA group, 
the range of birth weight was 1.5 to 2.4 kg and the 
mean ± SD was 2.10±0.24 kg.

Table-I showed the range, mean ± SD of the 
measured variables in AGA and SGA group 
newborns. It was observed from Table-I that the 
CHL, head circumference, and mid-upper arm 
circumference in the AGA group were significantly 
higher than the SGA group (p<.001).

A correlation test was done between birth weight 
and the anthropometric measurements in AGA and 
SGA group newborns. It was observed that in the 
AGA group, the HC and Ponderal index was 
significantly correlated with birth weight but in 
SGA group, a significant positive correlation was 
found between birth weight with all three anthro-
pometric measurements and the Ponderal index.

Discussion:
The Millennium Development Goal 4- to reduce 
deaths of children of under-5 years by 2/3rds- may 
be unattainable without halving newborn deaths, 
which now comprise 38% of all under-5 deaths 
globally11. A major risk factor for neonatal mortali-
ty is LBW. Nearly all the newborns who die are 
LBW, and mostly in rural communities14. In the 
present study, the term new-borns weighted <2.5 
kg was regarded as SGA & ≥2.5 was regarded as 
AGA. Mullany et al.15 stated that <2000 gm was a 
very low birth weight. In the present study, in the 
AGA group, the mean± SD of birth weight was 
2.99 ±0.31kg and in the SGA group, the mean ± 
SD was 2.10±0.24kg.

Crown heel length is widely used for the evalua-
tion of prenatal growth and identification of infants 
requiring detailed assessment and close monitor-
ing during the neonatal period7. In the present 
study, in the AGA group, the range of CHL was 43 
to 59 cm and the mean±SD was 51±3.05cm. In 
the SGA group, CHL was 40 to 50 cm and 
mean±SD was 46.5±2.32cm. The CHL in the AGA 
group was significantly higher than the SGA group 
(p<.001). It was observed that in AGA newborns 
highest mean value of CHL was found by the 
present study (51.30cm) and the lowest value was 
found by Srinivasa et al.19 in India (48.38cm). In 
the SGA group, the highest mean value of CHL was 
found in Verma and Sharma18 which was 
48.15cm, and the lowest mean value was found by 
Srinivasa et al.19 in India (29.12cm). It was found 
by workers that CHL as height was attained in the 
2nd trimester but weight attained completed at 3rd 
trimester so it was less affected than body weight 
by intrauterine malnutrition and was a better guide 
to fetal age than the later as it has been said in the 
literature. It is probable that paternal height and 
maternal height have more influence in determin-
ing an infant’s crown heel length. According to 
Yudkin et al.22 HC may give important diagnostic 
and prognostic information beyond that provided 
by birth weight alone. In the present study, in the 

AGA group, the mean±SD was 35.05±1.70cm, 
and in the kiSGA group, the mean ±SD was 
31.40±1.25 cm. The HC in the AGA group was 
significantly higher than the SGA group (p <.001). 
It was observed that in AGA newborns highest 
mean value of HC was found by Kokku et al.21 in 
India which was 43.65cm and the lowest value 
was found by Rakappan and Kuppusamy16 in India 
which was 32.16cm. In the SGA group, the highest 
mean value of HC was found in the Verma and 
Sharma18 in India which was 33.15cm, and the 
lowest mean value was found by Alia et al.9 in 
Bangladesh that was 28.63cm.

Many previous investigations have reported the 
associations between lower birth weight and head 
circumference and adverse neurodevelopmental 
outcomes in early childhood. Between 7 and 9 
months of age, substantial growth in head circum-
ference is accompanied by rapid cerebral growth, 
myelination of the limbic system, enhanced 
associative pathways, and improved inhibitory 
control.23 Poor physical growth may be a marker 
for disruption of these important steps in brain 
development.The MUAC is easy, cost-effective, 
and reliable for identifying risk neonates and has a 
better correlation with birth weight25. In the 
present study, in the AGA group, the range of 
MUAC was 8 to 15 cm and the mean±SD was 
12.76 ±1.60cm. In the SGA group, the range of 
MUAC was 8 to 14 cm and the mean±SD was 
11.43±1.48cm. The MUAC in the AGA group was 
significantly higher than the SGA group (p<.001). It 
was observed that in AGA newborns highest mean 
value of MUAC was found by the present study 
(12.76cm) and the lowest value was found by 
Kokku et al.21 in India (9.83cm). In the SGA group, 
the highest mean value of MUAC was found in the 
present study (11.43cm) and the lowest mean 
value was found by Alia et al.9 in Dhaka, Bangla-
desh (7.62cm).In the AGA group mean±SD of the 
Ponderal Index was 2.26±.46. In the SGA group 
mean±SD of the Ponderal Index was 2.11±.32. In 
the AGA group mean±SD of MAC/HC was 
.36±.05. In the SGA group mean±SD of MAC/HC 
was .36±.04. The Ponderal index was significantly 
higher in AGA group than SGA group. The 
MAC/HC ratio was almost similar between the 
AGA and SGA groups. Shastry et al26 showed PI 
was 2.07-2.54 in gestational age >37 weeks and 
suggested that it may be used to classify intrauter-
ine growth retardation. As, in the present study, 

BW showed a significant positive correlation with 
the anthropometric variables and Ponderal index 
in the SGA group, these variables could be used as 
an alternative to BW measurement in a rural setup.

Conclusions:
The neonatal mortality rate is very high in Bangla-
desh because of resource-poor settings. This study 
has shown that the simple and inexpensive 
measurement of newborns like head circumfer-
ence, crown heel length, and mid-upper arm 
circumference of newborns play similar roles in 
predicting SGA newborns. These measurements 
are easy to learn and can conveniently be intro-
duced into the existing systems of health care in 
the community of developing nations like Bangla-
desh, Asia, and Africa for use by paramedical 
workers to detect neonates who are at risk. For use 
in low-resource settings, any anthropometric 
device must be inexpensive and easy to maintain. 
Color-coded insertion tapes for measurement of 
variables can easily be made using locally avail-
able materials. However, it was a single-centered 
study in a tertiary care hospital, which may not 
focus on the actual status of the country. So, a 
multicenter study in rural areas of Bangladesh with 
a larger sample would focus on the actual status of 
the country.

References:

1. WHO 2016. Reducing newborn mortali-
ty.https://www.who.int/gho/ child_ health/ mortali-
ty/neonatal_text/en/ [Accessed 30 August 2022]

2. Lawn JE, Cousens S, Zupan J; Lancet Neonatal 
Survival Steering Team. 4 million neonatal deaths: 
when? Where? Why? Lancet. 2005 Mar 
5-11;365(9462):891-900. doi: 10.1016/S 0140- 
6736(05)71048-5.

3. Sankar MJ, Neogi SB, Sharma J, Chauhan M, Srivas-
tava R, Prabhakar PK, Khera A, Kumar R, Zodpey S, 
Paul VK. State of newborn health in India. J Perina-
tol. 2016 Dec;36(s3):S3-S8. doi: 10.1038/jp.2016. 
183.

4. WHO Expert Committee on Physical Status : the 
Use and Interpretation of Anthropometry (1993 : 
Geneva, Switzerland) & World Health Organiza-
tion.1995. Physical status : the use of and interpre-
tation of anthropometry , report of a WHO expert 
committee. World Health Organization. https:// 
apps. who. int/iris/handle/10665/37003

5. Lee ACC, Katz J, Blencowe H. National and region-
al estimetes of term and pre terms babiesborn small 
for gestrational age inlow income and middle 

income countriesin. 2010.Lancet 2013;1:pp. 26-36. 
doi:https://doi.org/10.1016/S2214-109X(13)70006-8

6. Behrman RE,Kleigman RM. Growth, development 
and behavior.In : Nelson textbook of pediatrics. 
20th ed.Philadelphia:Elsivier,2016:48-54.

7. Shastry CKR, Bhat BPR. Neonatal screening by 
chest circumference and a study of relationship 
between birth weight and other anthropometric 
parameters.International Journal of Biomedical 
Research.2015; 6(3):160-163.doi: 10.7439/ijbr. 
v6i3.1800

8. Suneetha B, Kavitha VK. A study of relationship 
between Birth weight and various Anthropometry 
Parameters in neonates.IOSR Journal of Dental and 
Medical Science. 2016; 15(2):50-57. doi:10.9790/ 
0853-152115057

9. Alia RA, Mannan MA, Fatema K, Begum F, Siddiqu, 
R. Correlation of birth weight with other anthro-
pometry variables in detection of low birth weight 
(LBW) babies. J Dhaka National Med. Coll. Hos. 
2011; 17(1):29-32. https://www.researchgate.net/-
publication/327581756_Correlation_of_birth_ 
weight_with_other_anthropometric_variables_in_-
detection_of_low_ birth_weight_LBW_babies 
[Accessed 15 th May 2023]

10. Thi HN, Khanh DK, Thu Hle T, Thomas EG, Lee KJ, 
Russell FM. Foot Length, Chest Circumference, and 
Mid Upper Arm Circumference Are Good Predic-
tors of Low Birth Weight and Prematurity in Ethnic 
Minority Newborns in Vietnam: A Hospital-Based 
Observational Study. PLoS One. 2015 Nov 10; 10 
(11):e0142420. doi: 10.1371/journal.pone. 
0142420.

11. Sazzadian, N, Shajary, H, Rahini, F, Jahadi, R, 
Barakat, MG. Anthropometric measurements at 
birth as predictor of low birth weight. Health. 2011; 
3(12):752-56.doi: 10.4236/ health.2011.312125

12. Lawn JE, Kinney MV, Belizan JM, Mason EM, 
McDougall L, Larson J,et al.Born Too Soon Preterm 
Birth Action Group. Born too soon: accelerating 
actions for prevention and care of 15 million 
newborns born too soon. Reprod Health. 2013;10 
Suppl 1(Suppl 1):S6. doi: 10.1186/1742-4755- 
10-S1-S6.

13. NHANES, Anthropometry Procedures Manual 
2007.CDC Atlanta, USA. https: // www. cdc.gov-
/nchs/data/nhanes/nhanes_07_08/ manual_an.pdf 
[Accessed 15th May 2023]

14. Marchant T, Jaribu J, Penfold S, Tanner M, 
Armstrong Schellenberg J. Measuring newborn foot 
length to identify small babies in need of extra care: 
a cross sectional hospital based study with commu-
nity follow-up in Tanzania. BMC Public Health. 

2010 Oct 19;10:624. doi:10.1186/ 1471-2458- 
10-624.

15. Mullany LC, Darmstadt GL, Khatry SK, Leclerq SC, 
Tielsch JM. Relationship between the surrogate 
anthropometric measures, foot length and chest 
circumference and birth weight among newborns 
of Sarlahi, Nepal. Eur J Clin Nutr. 2007 
Jan;61(1):40-6. doi: 10.1038/sj.ejcn.1602504.

16. Rakkapan I & Kuppusamy N. ‘Newborn Foot Length 
Measurement to Identify High-risk Neonate’, 
International Journal of Scientific Study 2016; 
4:13-18. doi: 10.17354/ijss/2016/243

17. Begum M, Majumder BK, Islam MS, Moniruzzaman 
A, Nabi SN & Mandol MA. ‘Relationship between 
Birth weight and other anthropometric measure-
ments of healthy newborn babies’, Shaheed Syed 
Nazrul Islam Med Col J 2018; 3(2):304-10.

18. Verma SS, Sharma YK. Prediction of birth weight 
from simple anthropometric measurements in 
Indian male and female new born babies. Indian J 
Med Sci. 1999 Feb;53(2): 68-76. PMID: 10798026.

19. Srinivasa S, Manasa G & Madhu GN. Foot length of 
newborn: Its correlation with gestational age and 
various anthropometric parameters, Cur Pediatr Res 
2017; 21(2):248-53. https://www.currentpediat-
rics.com/ articles/foot-length-of-newborn-its-cor-
relation-with- gestational-age-and-various-anthro-
pometric- parameters.html [Accessed 15th May 
2023]

20. Doddamani R, Jyothi SD,Pujar TV. Interpretation of 
low birth weight babies by anthropometric 
measurement, International Journal of Pediatric 
Research 2018; 5:368-374. https://pediatrics.me-
dresearch.in/ index.php/ijpr/ article/download/ 
408/811/ [ Accessed 15 th May 2023]

21. Kokku PK, Singh H, Kotha R, Jadhavo A, Maddired-
di A, Cherukuri N,et al.Calf circumference to detect 
low birth weight babies: a comparative study, 
International Journal of Contemporary Pediatrics 
2019; 6(6):2302-2308.doi: 10.18203/2349-3291. 
ijcp 20194156.

22. Yudkin PL, Aboualfa M, Eyre JA, Redman CW, 
Wilkinson AR. New birthweight and head circum-
ference centiles for gestational ages 24 to 42 weeks. 
Early Hum Dev. 1987 Jan; 15(1):45-52. doi: 
10.1016/ 0378-3782(87) 90099-5.

23. Battaglia FC, Lubchenco LO. A practical classifica-
tion of newborn infants by weight and gestational 
age. J Pediatr. 1967 Aug; 71(2):159-63. doi: 
10.1016/s 0022-3476(67) 80066-0.

24. Elizabeth NL, Christopher OG, Patrick K. Determin-
ing an anthropometric surrogate measure for identi-
fying low birth weight babies in Uganda: a hospi-

tal-based cross sectional study. BMC Pediatr. 2013 
Apr 12;13:54. doi: 10.1186/1471-2431-13-54.

25. Ba-Saddik IA, Al-Asbahi TO. Anthropometric 
measurements of singleton live full-term newborns 
in Aden, Yemen. Int J Pediatr Adolesc Med. 2020 
Sep;7(3):121-126. doi: 10.1016/j.ijpam. 2019.08. 
003.

26. Shastry CKR, Bhat BRP. Anthropometric measure-
ment of newborns, Int J Contemp Peiatr 2015; 
2(2):85-89.doi: 10.5455/2349- 3291.ijcp20150505.



Introduction:
The neonatal period is the most vulnerable period 
of life1. Neonatal deaths account for 45% of all 
deaths among under-five children2. Most of them 
die at home or at primary health care centers with 
minimal facilities. About 60% of the low birth 

weight (LBW) newborns are born at term due to 
fetal growth restriction termed as Small for Gesta-
tional Age (SGA) newborns, whereas the remain-
ing 40% are born preterm3. The term ‘small for 
gestational age’ (SGA) describes newborns who 
have lower than – expected weight, length, and 

head circumference when controlled for gestation-
al age and sex. In 1995, the World Health Organi-
zation published recommendations defining SGA 
as less than the 10th percentile of weight for gesta-
tional age and Large for gestational age (LGA, 
>90th percentile) with those appropriate for gesta-
tional age (AGA) using localized and anthropo-
metric newborn curve4.

The burden of SGA births is very high in low and 
middle-income countries mostly in South Asia. 
Identifying these LBW and SGA newborns and 
referring them to higher centers for effective inter-
ventions would help in decreasing neonatal 
mortality and morbidity5.

Anthropometric measurements of the newborn 
population specially measurement of birth weight 
are an important scientific research tool to study 
the determinants and consequences of impaired or 
excessive fetal growth6. It is a non-invasive and 
cheap universal technique to assess the body size, 
proportions, and human composition8. The value 
of anthropometric measurement is the basic gold 
standard technique to describe the growth of 
individual and population level7.

In Bangladesh, 70% to 90% of births occur in rural 
areas at home and are conducted by illiterate and 
often untrained traditional birth attendants8. 
Taking accurate birth weight in such field situa-
tions is a problem due to the unavailability of 
weighing scales, ultrasonography, and trained 
personnel9. The identification and evaluation of 
low-cost tools to accurately identify small 
newborns in primary health care and community 
settings has been ranked as the number one 
research priority to reduce global mortality from 
LBW10. A few studies in a variety of settings have 
shown that different anthropometric measure-
ments at birth are highly predictors of LBW10. 
Different workers suggested crown-heel length, 
head circumference, and mid-upper arm circum-
ferences are the best anthropometric surrogates of 
LBW among different populations11,12.

So, this study was done to measure crown heel 
length, head circumference, and mid-upper arm 
circumference of newborns and to compare and 
correlate these measurements with BW thus identi-
fying among this anthropometric measurement 
which would be used as an alternative to birth 
weight for predicting SGA newborns.

Materials and Methods:
This was a cross-sectional, analytical type study, 
done in the Department of Anatomy, Rangpur 
Medical College, Rangpur from July 2020 to June 
2021. The study population consisted of 200 
Bangladeshi newborns of both sexes with gesta-
tional age between 37 and 42 weeks. The subjects 
were collected by convenient purposive sampling 
and were divided into two groups: The appropriate 
for gestational age (AGA) group and the Small for 
gestational age (SGA) group. Group AGA consisted 
of 100 term newborns weighted >2.5 kg who were 
born in the department of Gynae & Obs and the 
group SGA consisted of 100 term newborns 
weighed <2.5 kg who were admitted to the 
SCANU of the Department of Pediatrics of Rang-
pur Medical College Hospital. Subjects of both 
groups were studied within 24 hours of delivery. 
Newborns delivered by cesarean section and 
Normal vaginal delivery were included. However, 
neonates with any congenital abnormality-micro-
cephaly, macrocephaly, any identifiable neurolog-
ical disorder, any H/O birth injury, and obstructed 
labor with maternal DM, and HTN disorders were 
excluded from the study. Permission was taken 
from the Chairperson of the Ethical Committee of 
Rangpur Medical College and permission was also 
taken from proper guardians of the subjects.

Variables of the study:
The Birth weight (kg), Crown heel length (cm), 
Head circumference (cm), and Mid upper arm 
circumference (cm) were measured and the Ponder-
al index and MAC/HC ratio were calculated.

All the measurements were taken thrice and the 
mean of these three was taken. Birth weight was 
measured on an undressed newborn using a digital 
weighing scale and noted in grams to the nearest 
5g. Crown heel length (CHL) was measured by an 
infantometer in cm. Head circumference and 
MUAC were measured by a non-stretchable 
measuring tape in cm. All the measurements were 
performed according to NHANES, anthropometry 
procedures manual13.

The ponderal index and MAC/HC ratio were calcu-
lated. The most commonly used index of neonatal 
body proportionality relates birth weight to birth 
length: Ponderal index = 100 times the birth weight 
(in grams) divided by the cube of birth length (cm). 
MAC/HC ratio = mid-upper arm circumference (in 
cm) divided by head circumference (in cm).

The statistical analysis was carried out using the 
statistical package for social sciences (SPSS version 
26.0). Mean and standard deviation were calculat-
ed for each group. The statistical significance of 
the difference in quantitative variables between 
the Group - AGA Group and SGA Group was 
evaluated by independent sample t-test. Correla-
tion of birth weight with other variables was done 
by Pearson’s correlation coefficient test. In the 
statistical analysis, the significance level was set at 
p-value <0.05 with a 95% confidence interval.

Results:
In this anthropometric study, in the AGA group, 
the range of birth weight was 2.5 to 4 kg and the 
mean± SD was 2.99 ±0.31 kg. In the SGA group, 
the range of birth weight was 1.5 to 2.4 kg and the 
mean ± SD was 2.10±0.24 kg.

Table-I showed the range, mean ± SD of the 
measured variables in AGA and SGA group 
newborns. It was observed from Table-I that the 
CHL, head circumference, and mid-upper arm 
circumference in the AGA group were significantly 
higher than the SGA group (p<.001).

A correlation test was done between birth weight 
and the anthropometric measurements in AGA and 
SGA group newborns. It was observed that in the 
AGA group, the HC and Ponderal index was 
significantly correlated with birth weight but in 
SGA group, a significant positive correlation was 
found between birth weight with all three anthro-
pometric measurements and the Ponderal index.

Discussion:
The Millennium Development Goal 4- to reduce 
deaths of children of under-5 years by 2/3rds- may 
be unattainable without halving newborn deaths, 
which now comprise 38% of all under-5 deaths 
globally11. A major risk factor for neonatal mortali-
ty is LBW. Nearly all the newborns who die are 
LBW, and mostly in rural communities14. In the 
present study, the term new-borns weighted <2.5 
kg was regarded as SGA & ≥2.5 was regarded as 
AGA. Mullany et al.15 stated that <2000 gm was a 
very low birth weight. In the present study, in the 
AGA group, the mean± SD of birth weight was 
2.99 ±0.31kg and in the SGA group, the mean ± 
SD was 2.10±0.24kg.

Crown heel length is widely used for the evalua-
tion of prenatal growth and identification of infants 
requiring detailed assessment and close monitor-
ing during the neonatal period7. In the present 
study, in the AGA group, the range of CHL was 43 
to 59 cm and the mean±SD was 51±3.05cm. In 
the SGA group, CHL was 40 to 50 cm and 
mean±SD was 46.5±2.32cm. The CHL in the AGA 
group was significantly higher than the SGA group 
(p<.001). It was observed that in AGA newborns 
highest mean value of CHL was found by the 
present study (51.30cm) and the lowest value was 
found by Srinivasa et al.19 in India (48.38cm). In 
the SGA group, the highest mean value of CHL was 
found in Verma and Sharma18 which was 
48.15cm, and the lowest mean value was found by 
Srinivasa et al.19 in India (29.12cm). It was found 
by workers that CHL as height was attained in the 
2nd trimester but weight attained completed at 3rd 
trimester so it was less affected than body weight 
by intrauterine malnutrition and was a better guide 
to fetal age than the later as it has been said in the 
literature. It is probable that paternal height and 
maternal height have more influence in determin-
ing an infant’s crown heel length. According to 
Yudkin et al.22 HC may give important diagnostic 
and prognostic information beyond that provided 
by birth weight alone. In the present study, in the 

AGA group, the mean±SD was 35.05±1.70cm, 
and in the kiSGA group, the mean ±SD was 
31.40±1.25 cm. The HC in the AGA group was 
significantly higher than the SGA group (p <.001). 
It was observed that in AGA newborns highest 
mean value of HC was found by Kokku et al.21 in 
India which was 43.65cm and the lowest value 
was found by Rakappan and Kuppusamy16 in India 
which was 32.16cm. In the SGA group, the highest 
mean value of HC was found in the Verma and 
Sharma18 in India which was 33.15cm, and the 
lowest mean value was found by Alia et al.9 in 
Bangladesh that was 28.63cm.

Many previous investigations have reported the 
associations between lower birth weight and head 
circumference and adverse neurodevelopmental 
outcomes in early childhood. Between 7 and 9 
months of age, substantial growth in head circum-
ference is accompanied by rapid cerebral growth, 
myelination of the limbic system, enhanced 
associative pathways, and improved inhibitory 
control.23 Poor physical growth may be a marker 
for disruption of these important steps in brain 
development.The MUAC is easy, cost-effective, 
and reliable for identifying risk neonates and has a 
better correlation with birth weight25. In the 
present study, in the AGA group, the range of 
MUAC was 8 to 15 cm and the mean±SD was 
12.76 ±1.60cm. In the SGA group, the range of 
MUAC was 8 to 14 cm and the mean±SD was 
11.43±1.48cm. The MUAC in the AGA group was 
significantly higher than the SGA group (p<.001). It 
was observed that in AGA newborns highest mean 
value of MUAC was found by the present study 
(12.76cm) and the lowest value was found by 
Kokku et al.21 in India (9.83cm). In the SGA group, 
the highest mean value of MUAC was found in the 
present study (11.43cm) and the lowest mean 
value was found by Alia et al.9 in Dhaka, Bangla-
desh (7.62cm).In the AGA group mean±SD of the 
Ponderal Index was 2.26±.46. In the SGA group 
mean±SD of the Ponderal Index was 2.11±.32. In 
the AGA group mean±SD of MAC/HC was 
.36±.05. In the SGA group mean±SD of MAC/HC 
was .36±.04. The Ponderal index was significantly 
higher in AGA group than SGA group. The 
MAC/HC ratio was almost similar between the 
AGA and SGA groups. Shastry et al26 showed PI 
was 2.07-2.54 in gestational age >37 weeks and 
suggested that it may be used to classify intrauter-
ine growth retardation. As, in the present study, 

BW showed a significant positive correlation with 
the anthropometric variables and Ponderal index 
in the SGA group, these variables could be used as 
an alternative to BW measurement in a rural setup.

Conclusions:
The neonatal mortality rate is very high in Bangla-
desh because of resource-poor settings. This study 
has shown that the simple and inexpensive 
measurement of newborns like head circumfer-
ence, crown heel length, and mid-upper arm 
circumference of newborns play similar roles in 
predicting SGA newborns. These measurements 
are easy to learn and can conveniently be intro-
duced into the existing systems of health care in 
the community of developing nations like Bangla-
desh, Asia, and Africa for use by paramedical 
workers to detect neonates who are at risk. For use 
in low-resource settings, any anthropometric 
device must be inexpensive and easy to maintain. 
Color-coded insertion tapes for measurement of 
variables can easily be made using locally avail-
able materials. However, it was a single-centered 
study in a tertiary care hospital, which may not 
focus on the actual status of the country. So, a 
multicenter study in rural areas of Bangladesh with 
a larger sample would focus on the actual status of 
the country.
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