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Abstract 
Objective: Ultrasound estimating of fetal weight is one of the most frequent examinations during pregnancy.
Hitherto, foreign fetometry curves have mostly been used in Poland as there are no national available reference
charts that are based on ultrasound fetal biometry. The aim of the present study was to construct new charts based
on ultrasound fetometry reference for Polish population. 
Study design: A group of 959 healthy volunteers with uncomplicated singleton pregnancy joined in a cross-sec-
tional study. The study was designed prospectively to evaluate normal reference charts for fetal ultrasound meas-
urements and estimated fetal weight. Four biometric parameters were studied: biparietal diameter (BPD), head cir-
cumference (HC), abdominal circumference (AC) and femur length (FL). Estimated fetal weight (EFW) was calculat-
ed using Hadlock et al. formula from 1985. 
Results: In the course of normal pregnancy an acceleration of growth rate was seen, but with a slight decline at
the end of pregnancy. Reference curves for mean, 90th and 95th percentile were constructed for BPD, HC, AC and
FL. Estimated fetal weight curves were outlined for both boys and girls.
Conclusion: Reference charts for Polish population are similar to foreign curves. Less variation was seen in com-
parison with national charts based on postnatal weight. Ultrasound method seems to be better than birthweight
curves especially in preterm pregnancies. This will improve the diagnosis of a small for gestational age newborn.
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Introduction

Fetal biometry is one of the most common examinations
in perinatal diagnosis. It allows estimating of gestational age,
growth and approximate fetal weight. In obstetrical practice,
many decisions are dependent on estimated fetal weight,
which reflects fetal growth and development. Accurate esti-
mating of fetal weight is very important. Appropriate diagno-
sis of intra-uterine growth restriction (IUGR) or macrosomia
enables supervision of these high-risk pregnancies, which
often influences the mode of delivery. 

Several publications have appeared on fetal biometry pre-
senting growth and estimated fetal weight curves, appropriate
for the populations on which they were constructed [1-5].
Many factors influence the normal growth such as socioeco-
nomic status, race and geographic climate. Gestational age
related curves are therefore needed for different geographic
populations. 

Hitherto, foreign fetometry curves have been used in
Poland [1, 4, 6], as there were no available national reference
charts based on ultrasound fetal biometry. Due to differences
between populations, it is necessary to provide new growth
curves, which will reflect current fetal growth and estimated
fetal weight in the Polish population. The Polish curves
presently used are based on postnatal growth curves [7], which
obviously would be inappropriate for premature delivery [5].
These birthweight curves were gathered on pregnancies where
gestational age was based on last menstrual period and not on

early ultrasound dating. Ultrasound fetometry is better indi-
cator of weight deviation than birthweight curves as has been
shown by Marsal et al. [5].

The aim of the present study was to evaluate new reference
charts based on ultrasound fetometry for biparietal diameter
(BPD), head circumference (HC), femur length (FL), abdom-
inal circumference (AC), and to estimate fetal weight (EFW)
for the Polish population. Furthermore, to compared the
results with the foreign reference curves and the birthweight
curves that are presently in use in Poland.

Material and methods
A group of 1133 healthy volunteers with uncomplicated

singleton pregnancy joined the cross-sectional study in a rural
population. The study was designed prospectively to evaluate
normal reference charts for fetal ultrasound measurements
and estimate fetal weight. All pregnancies had an uneventful
course of pregnancy and labour. All patients gave informed
consent and the study protocol has been approved by the
Hospitals Ethics Committees. To select the patients for the
study group, the following criteria had to be fulfilled:

1. Uncomplicated course of pregnancy.
2. Singleton pregnancy.
3. Delivery after 37 weeks’ of gestation.
4. No chromosomal or anatomical malformations.
5. Non-smokers.
6. Caucasian race and Polish habitants and nationals.

©  2 0 0 8  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n e 747

P R A C E O R Y G I N A L N E
po ∏ o˝ni c two

Ginekol Pol. 2008, 79, 746-753

Dubiel M, et al.

Streszczenie:
Ultrasonograficzna ocena biometrii p∏odu jest jednym z najcz´Êciej wykonywanych badaƒ w perinatologii. Ocena
wielkoÊci p∏odu oraz szacunkowej masy p∏odowej ma du˝y wp∏yw na wi´kszosç decyzji po∏o˝niczych. W Polsce ze
wzgl´du na ograniczony dost´p do krzywych referencyjnych opartych na polskiej populacji, ocena fetometryczna
bazuje na siatkach centylowych zagranicznych. 
Cel pracy: Celem przedstawionej pracy by∏o opracowanie nowych krzywych referencyjnych biometrii p∏odowej dla
polskiej populacji.
Materia∏ i metody: Baz´ danych utworzono w oparciu o 959 zdrowych ci´˝arnych z niepowik∏anym przebiegiem
cià˝y. Badania wykonano metodà cross-sectional, czyli ka˝da pacjentka mia∏a wykonane badanie ultrasonograficz-
ne jednorazowo. Krzywe referencyjne utworzono dla nast´pujàcych czterech parametrów: wymiar dwuciemienio-
wy (BPD), obwód g∏owy (HC), obwód brzucha (AC), d∏ugoÊç koÊci udowej (FL). W dalszej cz´Êci pracy opracowano
prospektywne krzywe referencyjne dla szacunkowej masy p∏odowej (EFW), oddzielnie dla p∏ci ˝eƒskiej i m´skiej.
Szacunkowa masa p∏odowa by∏a obliczona w oparciu o formu∏´ Hadlocka z 1985 r.
Wyniki: Uzyskane krzywe biometryczne charakteryzowa∏y si´ stopniowym przyspieszeniem dynamiki wzrostu p∏o-
dów z niewielkim zwolnieniem trendu wzrostowego pod koniec cià˝y. Krzywe dotyczàce szacunkowej masy p∏odów
m´skich ró˝ni∏y si´ od krzywych opracowanych dla p∏odów ˝eƒskich. 
Wnioski: W trakcie analizy porównawczej wykazano, ˝e kszta∏t krzywych referencyjnych zagranicznych jest zbli˝o-
ny do uzyskanych w przedstawionej pracy. 
Wydaje si´, ˝e prospektywne siatki centylowe powsta∏e na bazie ultrasonografii mogà dok∏adniej oceniaç prawid∏o-
wy wzrost p∏odu w porównaniu do krzywych referencyjnych opartych na ocenie masy noworodków z porodów
przedwczesnych. 
Przedstawione nowe krzywe referencyjne mogà byç przydatne w ocenie prawid∏owego lub nieprawid∏owego wzro-
stu p∏odu. Ka˝de odchylenie wielkoÊci p∏odu od wzrostu optymalnego dla danej populacji powinno byç wskazaniem
do rozszerzenia diagnostyki.

S∏owa kluczowe: p∏ód / biometria / cià˝a / masa p∏odu / ultrasonografia /



Based on these criteria, 174 cases had to be excluded. A
total of 959 pregnancies were thus included in the study. Ges-
tational age was established by crown-rump-length measure-
ment performed in the first trimester in all pregnancies. 

All ultrasound measurements were obtained by one expe-
rienced examiner (MK) using commercially available ultra-
sound unit with 2-5 MHz abdominal probe (LOGIQ 200, GE
Health Care, USA). In the beginning of the study, an interob-
server variability study was performed between authors MK
and MD. The outcome was excellent. The pregnancies were
recruited equally distributed from 20 to 41 weeks of gestation.
There were only 5 pregnancies at 42 weeks of gestation. A part
from that the median number of cases for each gestational
week was 44 (range 34-48).

Four biometric parameters were studied according to the
standards: biparietal diameter (BPD), head circumference
(HC), abdominal circumference (AC) and femur length (FL).
Each measurement was obtained three times and the mean
was used for analysis. Fetal head measurements were taken in
a horizontal plane showing a central mid-line echo and the
anterior and posterior horns of the lateral ventricles at the
level of cavum septi pellucidi and the thalamus. 

BPD was measured by placing the calipers in the outer to
inner surface of the parietal bones on opposite sides. HC was
measured using an ellipse, which surrounded the scull on the
same level as BPD was taken [8]. 

The AC was obtained in a transverse plane perpendicular
to the fetal spine at the level of bifurcation of the main portal
vein into left and right branches and the stomach, using an
ellipse, which included outer borders of the skin [9]. FL was
measured from the great trochanter to the lateral epicondyle
[10]. 

Estimated fetal weight (EFW) was calculated using
Hadlock et al. formula from 1985 [1].
log10 = 1.3596 - 0.00386 x AC x FL + 0.0064 x HC + 0.00061
x BPD x AC + 0.0424 x AC + 0.174 x FL .  

The gestation age formulas were obtained by quadratic
polynomial regression analysis using the computer software
SPSS (SPSS Inc.). Statistica version 5.0 (StatSoft, Inc.) was
used to construct the graphs based on the formulas. Curves for
all measured parameters were calculated for gestational age
median, 5th, 10th, 90th and 95th percentiles. Curves for ±2SD
were also calculated. Estimated fetal weight curves were also
calculated separately for the male and female subgroups.

Results
Figures 1, 2, 3 and 4 show diameters of BPD, HC, FL, AC

against gestational age gives as median, 5th, 10th, 90th and 95th.
The ±2SD curves were nearly the same as the 5th and 95th

percentile. The polynomial regression formulas and SD are
given in Table I. 

Table II-V give gestational age related figures for the me-
dian, 5th, 10th, 90th and 95th percentiles for BPD, HC, FL and
AC in our study population.

Figure 5 and 6 give male and female estimated fetal
weights (EFW) plotted against gestational age also presents
the mean and the 5th, 10th, 90th and 95th. The Hadlock formula
from 1985 was used to calculate fetal weight from ultrasound
biometric parameters for BPD, HC, FL and AC. 

Table VI-VIII give gestational age related figures for the
median, 5th, 10th, 90th and 95th percentiles for estimated birth-
weight for boys, girls and the mean of both sexes. In the course
of normal pregnancy the acceleration of growth rate is seen,
but with a slight decline at the end of pregnancy. 

Three phases are seen in increasing EBW: first slow phase,
second acceleration phase, and third phase of slowing down.
With advancing gestational age the standard deviation (SD)
and variation of EFW increased. The boys are slightly small-
er in the beginning of the study period, but weigh 2.5% more
at term. (Table VI-VII).   

Figure 7 shows estimated median fetal weight from the
current study with comparison to prospective birthweight esti-
mation from newborns by Malewski et al. in 19957. It seems
that scattering is less in the ultrasound estimated data in the
present study. Fetal weight was slightly lower in the beginning
of the period and higher in term pregnancies as compare with
data from 1995.

Discussion
The present results suggest that intrauterine ultrasound

estimated fetal weight is different to weight curves designed
from newborn birthweight. Fetal weight was lower in preterm
pregnancies as compared with the postnatal curves for weight.
(Figure 7). 

This was unexpected as curves based on postnatal weight
might be lower in preterm newborns, which often are compli-
cated pregnancies [5]. The postnatal curves [7] were based on
gestational age estimation from the last menstrual period,
which might be one reason for the difference. Weight was also
lower at term in the old curves. There was also less scattering
in the ultrasound estimated data. (Figure 7). 
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Table I. Calculated regression slopes of ultrasound measured
parameters related to gestational age for the study population.
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Figure 1. Biparietal diameters (BPD) plotted against gestational age;
median, 5th, 10th, 90th and 95th percentile in the course of normal 
pregnancy.

Figure 2. Femur length (FL) plotted against gestational age; 
median, 5th, 10th, 90th and 95th percentile in the course of normal 
pregnancy.

Table II. Reference ranges for fetal biparietal diameter (BPD) 
in mm. Median, 5th, 10th, 90th and 95th percentiles are given for the
study population.

Table III. Reference ranges for fetal femur length (FL) in mm 
for gestational age in weeks. Median, 5th, 10th, 90th and 95th

percentiles are given for the study population.
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Table IV. Reference ranges for fetal abdominal circumference
(AC) in mm for gestational age in weeks. Median, 5th, 10th, 90th

and 95th percentiles are given for the study population.

Table V. Reference ranges for fetal head circumference (HC) in
mm. Median, 5th, 10th, 90th and 95th percentiles are given for the
study population.

Figure 3. Abdominal circumference (AC) plotted against gestational
age; median, 5th, 10th, 90th and 95th percentile in the course of normal
pregnancy.

Figure 4. Head circumference (HC) plotted against gestational age;
median, 5th, 10th, 90th and 95th percentile in the course of normal 
pregnancy.
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Table VI. Reference ranges for fetal boys weight in gram for ges-
tational age in weeks. Median, 5th, 10th, 90th and 95th percentiles
are given. 

Table VII. Reference ranges for fetal weight for girls in gram.
Median, 5th, 10th, 90th and 95th percentiles are given.

Figure 5. Male estimated fetal weight (g) plotted against gestational
age; median, 5th, 10th, 90th and 95th percentile in the course of normal
pregnancy.

 

Figure 6. Female estimated fetal weight (g) plotted against 
gestational age; median, 5th, 10th, 90th and 95th percentile the course 
of normal pregnancy.



During the years there have been many attempts to esti-
mate fetal intrauterine growth based on ultrasound. Numer-
ous authors were searching for proper formulas that would be
able to estimate fetal weight by means of ultrasound dimen-
sions. The first formulas used only the abdominal perimeter to
estimate fetal growth, but as abdominal perimeter did not
reflect the whole growth of fetus, a need to use more dimen-
sions arose. Numerous publications have since then appeared
on fetal biometry and many dimensions have been studied ie.
biparietal diameter (BPD), occipital diameter (OFD), head
circumference (HC), femur length (FL), abdominal circumfer-
ence (AC), transverse cerebellum diameter (TCD) and cister-
na magna diameter (CM) [6, 14, 15, 16, 17]. 

We choose the Hadlock formula published in 1985, which
is based on BPD, HC, AC and FL as it has been widely used
in Poland for intrauterine weight estimation [1]. 

The estimated fetal weight from the present study was
compared with some of the previously published curves [11,
19, 20, 21, 22]. Differences were seen emphasizing the need for
national reference curves. Curves presented by Higginbottom
et al. [19] showed lower fetal weight throughout gestation.
Jeanty et al. [11] and Thurnau et al. [20] showed lower fetal
weight after 36 weeks of gestation. Thurnau et al. [20] show
also higher values in the first part of the study period. These
publications were the earliest in that comparison. The results
might therefore be biased by old ultrasound equipment.

Presented study was designed as a prospective cross-sec-
tional instead of a longitudinal study. Longitudinal charts
have also been used for serial examinations [3, 5, 11, 12, 13],
but some of these publications were based on a small study
group [12, 13], which might not reflect the real variations in
population and thus be less accurate. Only longitudinal stud-
ies with large study groups reflect the real variation in the pop-
ulation and may be considered as appropriate [3]. 

Poland has homogenous population. In other countries,
which have multicultural society the use of a single fetal
weight standards is more questionable. Many factors can
influence fetal growth. These include parity, maternal weight
and height, length of gestation, smoking during pregnancy,
gender and ethnic origin. There is a need for normal fetal
growth charts taking into account especially ethnicity in coun-
tries with a multiethnic population. This is available on the
internet at: http://www.hutchon.net/CESDIcalc.htm which is
based on data by Gardosi et al. [18]. 

This paper describes changes in major fetal biometric
dimensions in the course of normal pregnancy. We have ana-
lyzed five parameters HC, BPD, AC, FL and EFW and con-
structed new normal reference charts for the Polish population
based on ultrasound measurements. Such charts can be used
to estimate fetal weight and growth, and seem to be more con-
vincing than curves based on newborn birthweight. 

Many obstetrical decisions depend on reference charts.
The new reference curves will therefore improve diagnosis of
weight deviation both intrauterine and postnatally. 
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Table VIII. Reference ranges for fetal weight in gram for 
gestational age in weeks (mean of both sexes). 
Median, 5th, 10th, 90th and 95th percentiles are given.

Figure 7. Boy’s fetal weight estimation from present study (bold lines)
compared to previous prospective Polish chart based on newborn
boy’s weight (dotted line). Median, 5th and 95th percentiles are given.
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