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Summary

Infants born for small for date (SFD) fetuses have an increased risk of perinatal
mortality and morbidity. Different methods have been applied to identify these
fetuses including history, clinical examination and ultrasonography.
Ultrasonography has a better predictive value and majority of such fetuses can be
identified. Measurements of the fetal biparietal diameter (BPD), abdominal
circumference (AC) and femur length (FL) charts are widely used in dating
pregnancies and follow-up of pregnant women in assessing fetal growth,
identification of small for date (SFD) and growth retarded fetuses. This prospective
study was performed to construct fetal chart fQr BPD, AC and FL at different
gestational weeks from the Bangladeshi pregnant women. Seven hundred and ten
women had ultrasonic measurements of fetal BPD, AC and FL between 12 to 42
weeks of pregnancy. Centiles, mean and the standard deviation (SD) were calculated
for BPD, AC and FL. Mean maternal age was 24.73:t4.48 (Mean:!:SD) and 310
(43.7%) were primigravidae. There was a gradual increase of the BPD (outer-
inner), AC and FL ~easurements of 5th,10th,50thand 90th Centiles upto 38thweeks
of gestation with a gradual increase of SD showing increasing dispersion of data.
In cases of BPD and AC, After 38thweeks of gestation the Centiles showed a slower
growth rate towards 42 weeks of pregnancy. This slower growth rate from 38
weeks of pregnancy was not noted in case of femur length. Fetal charts with the
raw data for each measurement with superimposed fitted lines derived from
polynomial (quadratic) regression were constructed. Quadratic model showed good
fit to the data during construction of fetal charts. The new fetal measurement
charts of BPD, AC and FL are unique for the Bangladeshi population and have
not been found similar in the later weeks of pregnancy to those published for
other Caucasian populations. These charts will help the clinicians and sonographers
in dating pregnancy, identifying SFD and growth retarded fetuses.

Introduction
(SFD) or growth retarded fetuses. Growth

Perinatal mortality has a close relation'with retarded neonates may also have significant
birth weight and is higher in small for date morbidity due to hypoglycaemia,
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polycythaemia, hyperbilirubinaemia or
asphyxiawhichbeginbeforebirthI.Inthelast
two decades, a number of advances occurred
which is helpful to recognize the deviations
from normal fetal growth in most of the
cases, making the opportunity of early
delivery of compromised fetuses.

Intrauterine Growth Retardation (IUGR) is
applied to fetuses that fail to maintain
growth. The term is also loosely defined as
small for date (SFD) fetuses and it should
also include fetuses, which remain within
normal limits but fail to maintain growth.
Most of the time this is recognized by
ultrasound measurements showing that the
fetus is crossing to lower Centiles as
pregnancy proceeds. SFD fetus is a fetus
whose birth weight is below the 10th
percentile allowing for both age and sex.
Since this definition include many healthy
but genetically small fetuses, more extreme
limits like less than the 3rd percentile or
more than two standard deviations below

the mean weight for age and sex are also
used. Clinical recognition of growth
failure, except in extremes, is difficult. Past
obstetrics history of SFD or growth
retarded fetuses, association with medical

and obstetrical complication help in
prediction. Palpation can predict only 40%
0\ growth-retardedfetuses2.Measurement of
symplysio-fundal height improves the
detection rate upto 70-88%3. Even so, it
provides a useful predictor of fetal size and
should be a part of the normal assessment of
uterine and fetal size. Fetal assessment by
USS now plays a key role in evaluating the
fetus with suspected growth failure, in
deciding the presence and magnitude of the

disease, the extent of functional jeopardy
and risk to the fetus in utero. Sonography
is widely used for the measurements
because it is objective and reproducible. A
dating scan combined with an assessment
of fetal morphology, followed later by a
second scan in the third trimester, offer the

highest detection rates for growth retarded
fetuses4,

Measurementsof the fetalbiparietaldiameter
(BPD) is used in assessing fetal growth5and
dating pregnancies6.7,Many investigators
have constructed charts of fetal head
dimensions8.9.and their measurements are

widely used in obstetric ultrasound
examinations. Measurement of the fetal

abdominal circumference (AC) was first
described in 1975 and is widely used as a
single parameter to estimate fetal size and
weight10, Measurementof the femurcan be
used for determination of gestational age and
fetal size and in the detection of fetal

abnormalities8.In this study new fetal charts
were constructed for BPD, AC and FL from
our own population.

Materials and methods

This prospective study was performed by the
Department of Obstetrics and Gynaecology
of Bangabandhu Sheikh Mujib Medical
University (BSMMU) and Institute of
Nuclear Medicine (INM) between 15thApril
1999 to October 2000. Seven hundred and

thirty pregnant women whose date of last
menstrual period (LMP) was known were
enrolled from the outpatient department of
BSMMU between 12 and 42 weeks of

pregnancy after considering the exclusion

criteria. Each pregnant woman was enrolled
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only once in the study. Maternal diseases
(diabetes mallitus, proteinuric hypertension
and renal diseases) were considered as
exclusion criteria. The cases of multiple
pregnancies, fetal malformation and ethnic
group other than Bangladeshi were also
excluded. No exclusions were made for large
for date, SFD or any event during pregnancy.

Gestational age was determined from the
date of LMP and confirmedby measurement
of BPD between 12-24 weeks of pregnancy.
Women whose date of LMP was not known

and whose period of gestation varied more
than 10 days of menstrual age by USG were
not enrolled. Between 12-24 weeks data
were collected at the time of enrollment.
For examination after 24 weeks of

pregnancy, women were given an
appointment for the particular week of
gestation.Three to five women wereenrolled
each day by simple random sampling.
Enrolled patients had ultrasonography by
three experienced ultrasonologists in INM
for BPD, AC and FL along with recording
of photograph. The latest Aloka SSD1100
FLEXUS ultrasound machine with a 3.5
MHz curvilinear transducer was used for

measurementsusing a single methodfor each
parameter. During all linear and
circumferential measurement electronic

trackball calipers were used.

The BPD of fetal head was measured in the

plane described by Campbell and Thomas.5
The measurement was made through a axial
plane at the level where the continuous
midline echo is broken by the septum
pellucidum cavum in the anterior third. BPD
was measured from the proximal echo of the
fetal skull to the proximal edge of the deep
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border (outer-inner). The AC was measured
on a transverse section through the fetal
abdomen as described by Campbell and
Wilkin.1OA section which was as close as

possible to circular was obtained along a
plane passing through the spine and
descending aorta posteriorly, the umbilical
vein in the anterior third and the stomach

bubble in the same plane. Th~circumference
was recorded directly by tracing around the
perimeter. During measurement of femur,
the fetal thigh was imagedat the longitudinal
axis and the distance from the greateI'
trochanter along the shaft of the femur to the
distal end was recorded.

After identification of the femur the
transducer was rotated until the full femoral

diaphysis was seen in a plane as close as
possible to right angles to the ultrasound
beam. Mild bowing of the femur was
observedfrom about 18weeks gestation.II
In this study the curvature was not
considered and a straight measurement from
one end of the diaphysis to the other was
made. In the third trimester care was taken

not to include the distal femoral epiphysis.
The collected data and measurements were

analysed and new fetal charts were
constructed.

Data Processing and Analysis Plan
All computer entries were checked against
the measurement recorded on the film to

reduce any transcription errors and to
confirm that the measurement technique was
adequate. At the time, any outlying values
were rechecked for transcription errors. The
few remaining outliners were not excluded
from the analysis. SPSS were used for data
entry and statistical analysis.
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Assuming measurements have a normal
distribution, Centiles,mean and the standard
deviation (SO) werecalculated for BPO,AC
and FL from 12 to 42 weeks of pregnancy.
The relation between the mean of each

measurement and gestational age was
modeled by fractional polynomial. The
statistical methods used was as described by
Altman et al and gave proper attention to the
changing variability with increasing
gestation and the goodness of fit to the
models obtained was carefully assessed'2.
The model assessed is assumed as Y=a+

bx+cx2+ui (Y=BPO, AC or FL, X=
Gestational week as dependant variable, a,
b, c=constant, ui=Residual). The correlation
coefficient between a dependent variable,

1\

here Y=BPO, AC or FL and it's estimate Y
1\

ie Y was calculated from a polynomial or
curvilinear regression. This coefficient of
correlation is known as the coefficient of

multiple correlation, denoted by R2. The
larger value of R2 indicates a closer
agreement or relationship between the
dependent and independent variable. For
each measurement, polynomial regression
(quadratic) models was fitted separately to
the mean and SO as functions of gestational
age.

Results

In this study, though initially 730 women
were recruited, all the sonographic
measurements (BPO, AC, FL) were possible
from 710 women. Mean maternal age was
24.73:1::4.48(Mean:!:SO)with a minimumage
of 14and maximumof 45 years; 310 (43.7%)
were primigravidae and 400 (57.30%) were
multigravidae.

Measurements of the observed parameters
at different weeks of gestation along with
their means, SO and Centiles (lOth,50t\ 90th)
are presented (Table-I-III). TabJe-1shows
the number of observations and the mean,
SO and Centiles of BPO at each week of

gestation. There was a gradual increase of
the BPO (outer-inner) at 10th,50thand 90th
Centiles upto 38th weeks of gestation.
Thereaftera slowergrowth ratewas revealed.

Table-II shows the number of observations

and the mean, SO and Centiles of AC at each

week of gestation. There was gradual
increase of the AC at 10th,50th and 90th

Centiles upto 38 weeks and a slower growth
rate thereafter was noted. There was gradual
increase of SO towards term showing
increasing dispersion of AC towards term.
The increase of SO was not smooth which

might be related to small number of data at
some weeks and as no data were excluded at
the extremes of observations.

Table-III shows the number of observations

and the mean, SO and Centiles of femur

length at each week of gestation. There was

gradual increase of the FL at lOt\ 50th and
90thCentiles towards 42 weeks.

Fig.I-3 show the raw data for each
measurement with superimposed fitted lines

derived from polynomial (quadratic)

regression. The quadratic model gave a good
fit to the mean, while the SO increased
almost in a linear fashion. The coefficient of

multiple correlation (R2) for BPO is 0.97, AC
is 0.96 and FL is 0.97 - all indicate the closer

agreement between dependent and
independent variables. So quadratic model
was a good fit to the data (Fig. 1-3).

1<.\
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Table-I: Distribution of Mean, SD and Centiles of Observed BPD (mm) at different weeks of gestation (N=586)

Weeks of No of Centiles of Biparietal diameter (outer-inner)
gestation Fetuses 10th 50th 90th Mean SO

18 28 37.10 41.00 44.10 40.79 3.29

19 17 38.60 43.00 48.20 43.00 3.47
20 30 42.10 45.00 49.00 45.67 2.54
21 24 45.00 45.75 53.00 49.00 2.93
22 20 47.10 52.00 55.80 51.50 2.72

23 22 48.90 55.00 58.70 54.73 3.33

24 22 58.00 60.00 62.70 59.86 1.86

25 16 58.00 61.50 64.00 61.00 2.31

26 20 58.30 64.00 69.90 64.50 3.76

27 26 63.70 70.00 72.30 68.62 3.11
28 29 68.90 73.50 78.00 72.93 2.87

29 25 69.00 74.00 80.30 74.08 3.95

30 20 74.00 75.50 78.90 76.10 2.07

31 18 71.00 79.50 83.30 78.44 4.16

32 22 71.00 82.00 85.80 81.86 3.37

33 19 80.00 83.00 87.90 8883.15 4.44

34 35 79.80 84.00 88.40 83.83 2.77

35 27 81.70 86.50 90.00 86.62 2.98

36 25 82.00 87.00 92.00 88.84 3.42

37 31 83.20 87.00 92.00 87.74 3.94

38 34 81.50 90.00 95.50 89.76 4.72

39 38 84.80 89.50 96.00 89.82 4.11
40 14 84.00 92.00 95.50 90.29 4.08
41 18 85.90 90.00 98.00 90.67 3.88
42 10 88.00 91.00 99.00 93.00 4.47

Table-II: Distribution of Mean, SD and Centiles of Observed AC (mm) at different weeks of gestation (N=586)

Weeks of No of Centiles of Abdominal circumference (mm)
gestation Fetuses 10th 50th 90th Mean SO

18 28 113.20 137.50 145.70 133.29 12.74

19 17 123.85 141.00 150.60 138.65 11.33

20 30 141.00 152.00 173.00 152.47 12.69

21 24 139.50 164.50 180.00 162.83 14.76

22 20 161.00 165.50 188.30 168.10 8.79

23 22 162.50 182.00 189.70 178.09 9.76

24 22 187.30 196.00 209.70 197.55 8.35

25' 16 193.40 202.00 222.40 205.13 10.33

26 20 291.10 216.50 230.00 216.20 10.89

27 26 209.70 228.00 240.60 226.00 12.37

28 29 220.00 241.00 260.60 241.79 15.45
29 25 238.70 250.55 258.30 249.28 7.70
30 20 234.10 254.60 265.00 252.75 11.04
31 18 234.00 263.00 282.00 260.22 17.86
32 22 260.60 279.00 298.60 278.43 14.17
33 19 255.30 285.50 314.80 283.65 19.74
34 35 266.60 292.00 309.20 289.31 14.79
35 27 272.00 298.00 318.20 295.44 17.13
36 25 274.60 299.00 325.60 296.32 29.29
37 31 288.10 314.00 331.90 309.60 21.01
38 34 276.40 315.00 335.00 312.09 20.05
39 38 287.20 316.00 348.20 319.11 23.93

40 14 30I.00 330.00 355.50 330.21 18.51
41 18 292.40 320.00 339.60 318.10 16.01
42 10 3305.00 323.00 349.00 327.00 16.70

71



Vol. 29. No.2 Construction of Fetal Charts for Biparietal Diameter Ashrafunnessa et al.

Table-III: Distribution of Mean, SD and Centiles of Observed FL (mm) at Different Weeks of
Gestation (N=586)

Weeks of No of Centiles of Femur Length (mm)

gestation Fetuses 10th 50th 90th Mean SD

18 28 22.70 26.50 31.10 26.32 3.41

19 17 24.40 27.00 31.60 27.75 2.75

20 30 27.00 33.00 35.00 32.27 2.89

21 24 29.00 35.00 38.00 34.21 3.24

22 20 35.00 36.00 38.00 36.20 1.40
23 22 37.00 39.00 43.00 39.45 2.50
24 22 38.30 45.00 47.70 43.64 3.30
25 16 39.80 44.00 49.30 44.81 3.28
26 20 42.20 47.50 51.00 47.00 3.39
27 26 45.70 50.00 56.50 50.54 3.93
28 29 48.00 53.00 56.60 53.07 3.37
29 25 51.00 54.00 62.00 54.92 3.61
30 20 52.00 56.00 59.00 56.25 3.49
31 18 54.00 58.00 62.10 58.00 2.59
32 22 56.40 62.00 65.40 61.67 3.45
33 19 57.20 62.00 68.00 62.05 4.44
34 35 60.00 62.00 67.40 63.09 2.77
35 27 62.80 66.00 71.20 66.56 3.30
36 25 61.20 66.00 73.20 67.00 4.13
37 31 63.20 68.00 72.80 68.29 3.33
38 34 62.50 68.50 75.00 68.59 4.10
39 38 64.90 70.00 75.30 70.53 4.14
40 14 65.00 71.00 75.50 70.93 3.43
41 18 64.80 70.50 74.40 70.72 3.74
42 10 72.00 75.00 77.00 74.40 2.17
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As this study followed the methodology

described by Altman et a1J2,the sample size
between 500 to 1000 are adequate. This
prospective study had tried to avoid the

methodological weaknesses by measurement
of each fetus on one occasion only as
mentioned by Altman et aJl2. The fetuses

were included for the purposes of this study
and for the development of. centile charts.
As the reference fetal size chart is for the

normal fetuses, exclusion of fetuses with

50 Rsq = Q971\ongenitalabnormality is justified. Fetusesc
found to be large for date and SFD were not
excluded. As maternal diseases (diabetes

mallitus, proteinuric hypertension and renal
diseases) may influence fetal growth, these
were reasonable exclusion criteria.

Bangladesh Med. Res. Counc. Bull

period ofgeslatim (in reeks)

Fig.o3: Raw data for FL (N=7JO) with fitted curves
derived by quadetric regression (95% confi-
dence limit)

Discussion

The standards of fetal ultrasonic

measurements built high interest in the late
70s and 80s and ~any reference charts and
tables have been published since then5.JO.Il,13.
In the last 10 years. the quality of the
ultrasound imaging has improved
remarkably regarding its resolution,
velocities and measurement techniques.
Improvement of methodologies and
s.tatistical methods of analysis and
consideration of change in variability of
measurementwith gestation and presentation
of scatter diagrams of the data with fitted
Centiles superimposed contributed in
development of good quality fetal size
chart12,J4.17.

It is difficult to specify the appropriate
sample size for developing centile charts.
With larger sample size, the resulting

Centiles get greater precision. Data of 710
pregnant women were analysed in this study.

August 2003

The common problems with published
reference values and curves for fetal

biometry include use of a statistical method
of analysis where Centiles do not change
smoothly with gestation I8, and lack of scatter
diagrams of the data with the fitted Centiles
superimposed12. The statisticalmethods used
here gave proper attention to overcome these
problems. The mean was modeled by fitting

polynomial regression (quadratic) model to
the raw data.

Both nonparametric and parametric methods
were involvedto calculatereferenceCentiles.

The nonparametric approach were used to
calculate the observed 10th,50th,90thCentiles
and the mean and SD at each week of

gestation for all three parameters and those
results were shown in the tables. Lines

joining these values are usually not smooth.
This approach requires a large number of
observations (several hundred) at each week
of gestation in order to get a reasonable
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estimate of extreme Centiles. So to construct

fetal sizecharts withsmooth linesparametric
method was used in this study.Through the
programme in computer software, the mean
and standard deviation (SO) at each
gestational age were estimated, and the 5th
and 95th Centiles were calculated as
mean:tI.645 SO. The mean was estimated

by polynomial regression, quadratic model.
This approach is based on the strong
assumption that at each gestational age the
data come from a population with a normal
distribution. After the required Centiles had
been calculated they were superimposed on
a scatter diagram of the observations as a
final check of the fit (Fig.I-3). The
coefficient of multiple correlation (R2)of all
parameter showed high value. Measure of
agreement or association between observed
data and predicted (estimated) data indicates
that there was strong association between
dependent (BPO, AC, FL) and independent
variables. So quadratic model was a good
fit to the data.

There was a gradual incre,a§eof the BPO
(outer-inner) and AC measurements at 1O'h,
50lhand 90lhCentiles upto 38thweeks of
gestation (Table-I and II). The study done
by chitty an<)Altman also showed similar
pattern of increase of BPO and AC with
increasinggestationalageI4.15.But the pattern
of changes in measurements were different
from data of Hadlock et al which did not

show any increase of variability with
increasing gestation and their Centiles were
much wider apart in early pregnancy and
narrower at term 7.

The increase of SO in AC measurement

(observed) was not smooth which might be

related to the fact that as no data were
excluded at the extremes of observations and

due to limitation of a hospital based study
where the population was different from the

genera~population. In cases of BPO and AC,
After 381hweeks of gestation the Centiles
showed a slower growth rate, though the
slower growth rate after 38 weeks of
pregnancy was not noted in case of femur
length. So the constructed new fttal
measurement charts for BPO and AC have
been found different after 38 weeks to those

published for other Caucasian populations.
This may be a characteristic of the fetal size
chart for Bengali population. Again the
methodology applied here assumed that the
data has been collected from a population
with a normal distribution, which may not
be completely correct for this sample
population. As the data were collected from
a tertiary referral center which receives
mainly the complicated obstetric cases
(Medicaldiseases, historyof stillbirth,IUGR
etc) and even the exclusion criteria may not
be enough to remove all the bias. So it is
necessary to compare this study with another
study with collection of data from a general
population which is not easy as a large
number of pregnant women do not receive
antenatal care and majority of the hospitals
deal with comparatively complicated cases.

Shohat et al constructed new fetal

measurement charts for femur length and
biparietal diameter for the Israeli population
and those charts have been found to be

similar to those published for other
Caucasian populations 19. A study in Australia
did not show any statistical or clinically
important differences in BPO, AC, FL of
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Aboriginal and Caucasian fetuses. They
concluded that there is no reason to use

separate fetal growth charts when examining
Aboriginal fetal growth20. But other study
showed that ethnicity may influence
ultrasonic fetal biometric measurements - a

prospective study in Tehran of Iran tried to
determine the pattern of intrauterine growth
and showed that Iranian fetuses had smaller
BPO and shorter FL measurements in

comparison with Western studies (p<O.05)21.
Attitude influences ultrasonic fetal

biometrics measurements as seen in a study
in Peru which suggested that at high attitude,
all fetal biometry measurements follow a
lower trajectory than at sea level. Specific

biometry charts should therefore be used for
obstetric ultrasound at high attitude22.

A study in Tanzania denotes that tables from
industrialized countries relating gestational
age to sonographically measured BPO are
not applicable for pregnancies in developing
countries23.All these findings suggest that
ultrasonologistsshoulduse the fetalbiometry
which is originated from the same
population. Until now the sonographers of
this country are using the measurement
parameters of western standard to calculate
the period of gestation and to assess the fetal
growth as no fetal growth chart of this
country is so far available. This is probably
not justified, as the fetal biometry obtained
from this study is different from the western
standard at the later weeks of gestation. This
difference may be related to its different
socioeconomic and genetic background and
different growth potential.

A fetal growth chart was constructed from
our own population. This study tried to

August 2003

produce reference fet,!1~ize charts which
changes smoothly with gestational age.
Tables of different measuremantsand.centile
charts for BPO,AC and FLderived from 710
selected sample were presented. After the
required Centiles had been calculated they
were superimposed on a scatter diagram of
the observations as a final check of the fit.

Quadratic model gave good fit to the data.
Although our results have some similarity
with other published data, a comparatively
lower rate of fetal growth after 38 weeks of
gestation in cases of BPO and AC was
revealed. As fetal biometry obtained from
this study is differentfrom the industrializ~d
countries it should be more appropriate to
use fetal charts originated from our own
population with it's characteristic socio-
economic and genetic background and
growth potential. A large number of
unexplained intrauterine fetal deaths in
Bangladesh are probably not always
unexplained and may be associated with
SFO and growth retarded fetuses which
remained undiagnosed. Fetal biometry
measurementsfor monitoringof fetal growth
can prevent both perinatal mortality and
morbidity by timely diagnosis of IUGR
and SFO. In Bangladesh, fetal biometry
measurements for monitoring of fetal growth
is not used widely at the national level and

private sector. Use of new fetal size charts
can play important role in confirmation of
period of gestation in the early part and
monitoring of fetal growth during the later

part of pregnancy.Further study with a larger
sample size is also necessary covering the
low risk population to construct charts of
fetal size.
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