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ABSTRACT

Objective To confirm the results from two previous
evaluations of term prediction models, including two
sample-based models and one population-based model,
in a third population.

Methods In a study population of 23 020 second-
trimester ultrasound examinations, data were prospec-
tively collected and registered over the period 1988–2009.
Three different models for ultrasonically estimated date
of delivery were applied to the measurements of fetal
biparietal diameter (BPD) and two models were applied
to the femur length (FL) measurements; the resulting term
estimations were compared with the actual time of deliv-
ery. The difference between the actual and the predicted
dates of delivery (the median bias) was calculated for each
of the models, for three BPD/FL-measurement subgroups
and for the study population as a whole.

Results For the population-based model, the median
bias was + 0.4 days for the BPD-based predictions and
−0.4 days for the FL-based predictions, and the biases
were stable over the inclusion ranges. The biases of the
two traditional models varied with the size of the fetus at
examination; median biases were −0.87 and + 2.2 days,
respectively, with extremes −4.2 and + 4.8 days for
the BPD-based predictions, and the median bias was
+ 1.72 days with range −0.8 to + 4.5 days for FL-
based predictions. The disagreement between the two
sample-based models was never less than 2 days for the
BPD-based predictions.

Conclusion This study confirms the results from previous
studies; median biases were negligible with term predic-
tions from the population-based model, while those from
the traditional models varied substantially. The biases,

which have clinical implications, seem inevitable with the
sample-based models, which, even if overall biases were
removed, will perform unsatisfactorily. Copyright  2012
ISUOG. Published by John Wiley & Sons, Ltd.

INTRODUCTION

In modern pregnancy care, it is recommended to date
pregnancies by ultrasound in the first trimester or the
second trimester1,2. Thus, it is imperative that the dating
models are reliable. To assess prediction quality and reveal
potential systematic biases, the models must be evaluated
in large populations. In earlier studies, we evaluated two
traditional, sample-based models for term prediction and
demonstrated significant and nearly identical biases when
the models were applied to different populations3,4. We
also validated a population-based model that avoided the
biases4, which generally appear to be model-dependent.

The terms ‘assessment of gestational age (GA)’ and
‘estimation of date of delivery’ are considered almost
synonymous. However, the calculations in fact concern
totally different times in a pregnancy. Traditional models
primarily estimate a last menstrual period (LMP) from
second-trimester fetal measurements; thus, the estimated
date of delivery (EDD) is actually an indirect and
secondary issue3,5,6. Conversely, the new population-
based models are constructed from observations of the
verified date of delivery, predicting the remaining time
of pregnancy and EDD directly from first- or second-
trimester fetal measurements5,7.

First-trimester screening tests8,9 and the management
of extremely preterm deliveries close to the limits of
viability10,11 rely on an accurately calculated GA, while
the scheduling of invasive procedures and interventions
in later pregnancy and determining when to induce in

Correspondence to: Dr I. Økland, Department of Obstetrics and Gynecology, Stavanger University Hospital, PO Box 8100,
N-4068 Stavanger, Norway (e-mail: iok@lyse.net)

Accepted: 18 August 2011

Copyright  2012 ISUOG. Published by John Wiley & Sons, Ltd. ORIGINAL PAPER



564 Økland et al.

post-term pregnancies12,13, depend on knowledge of a
reliable EDD. Therefore, it is still relevant to demonstrate
prediction biases in the range of 2–5 days.

Because the EDD is model-dependent, recommending
post-term induction practices without a uniform system
for pregnancy dating is futile12,14,15. Moreover, different
term prediction routines and induction practices make
it impossible to compare important perinatal quality
indicators. This has major consequences for comparison
of data between countries, regions and even hospitals12.

The significantly biased term predictions that resulted
from applying the sample-based models3,4 were avoided
with a direct, LMP-independent model4. In this study, we
extend previous findings to a population examined using
slightly different routines and different sonographers. We
also explore the mechanisms that make systematic biases
almost inevitable with the sample-based models.

SUBJECTS AND METHODS

Subjects

The data were collected over a period of 22 years, from
1988 to 2009. They comprise routine fetal ultrasound
examinations performed in Oppland County, Norway,
on an unselected population of pregnant women. There
are two maternity wards in the county, at the Gjøvik and
Lillehammer Hospitals, each handling between 800 and
1100 births every year. Most of the women in the study
were examined prenatally and subsequently gave birth at
these hospitals. In addition, data were collected from two
smaller midwifery units at other locations in the same
county.

Pregnancies with a fetal biparietal diameter (BPD) in the
range of 38–60 mm or a femur length (FL) in the range of
21–42 mm at the routine ultrasound examination were
included. Multiple pregnancies, pregnancies complicated
by stillbirth, diagnosed anomalies, induction of labor
for reasons other than post-term pregnancy or elective
Cesarean sections were not included. In accordance with
the post-term managing scheme of the maternity wards
during the study period, inductions at 11 or more days
past the EDD were defined as post-term inductions.

In total, fetal measurements from 23 020 second-
trimester routine ultrasound examinations were included.

Prediction models

Three different models for estimating the date of delivery
were evaluated in this study. The obstetric wheel ‘Snurra’
(referred to here as ‘Trondheim–1984’)16 predicts GA
from second-trimester BPD measurements between 38
and 60 mm only, with EDD derived using a pregnancy
duration of 282 days. The model was developed from
ultrasound examinations of 90 carefully selected women
with reliable menstrual data and anticipated normal
pregnancies, included in a prospective, longitudinal study.
A fourth-order polynomial regression analysis was used

to establish the curves. This was the only dating method
in use in Norway from 1984 until 2005.

The second sample-based method, ‘Terminhjulet’
(‘Bergen–2004’)17,18, used a similar statistical model
based on fractional polynomial regression analysis19,
with a newer data sample. It predicts GA from
measurements of BPD (14–60 mm), FL (2–44 mm)
or head circumference (not considered in this study)
(50–134 mm), with EDD derived using a pregnancy
duration of 282 days. The model was constructed
from a cross-sectional study of 650 highly selected,
healthy women with reliable menstrual data, assumed
uncomplicated, singleton pregnancies, and with fewer
than 14 days’ disagreement between the LMP-based and
the ultrasound-based EDD.

The third prediction model ‘eSnurra’ (‘Trond-
heim–2007’)5 employs the new population-based app-
roach with direct prediction of date of delivery. It is
based on second-trimester fetal measurements from an
unselected population of approximately 37 000 singleton
pregnancies. The median remaining time of pregnancy was
estimated using a local linear quantile regression model.
Trondheim–2007 predicts the date of delivery from BPD
(25–60 mm) or from FL (11–42 mm) measurements.

The application of each model’s prediction table is
described elsewhere3,4. For the Trondheim–1984 and the
Bergen–2004 models, the date of delivery is estimated
by adding 282 days to the estimated LMP date. For
Trondheim–2007, predicted remaining time of pregnancy
is found from the published tables5.

Ultrasound examinations

The ultrasound examinations were mostly performed
by specially trained midwives at the hospitals or at
the midwifery units, and the remaining examinations
(10–15% per year) were performed by doctors at
the hospitals or in private practice. There were 23
different examiners altogether. Four of the midwives
each performed between 3200 and 7000 of the included
ultrasound examinations. The data were prospectively
registered in a database. A large proportion of the
included data were measurements from pregnancy weeks
17–19. In general, all clinical problems were managed
according to the EDD predicted by the Trondheim–1984
model.

The management of post-term pregnancies in the
departments was modified during the study period. In
the first years, induction of labor was scheduled around
14 days past the EDD (≥ 296 days), while in later years
the post-term inductions were gradually scheduled earlier,
from 7 to 11 days past term.

The BPD and the FL were measured according to
the standard method for fetal ultrasound biometry in
Norway3,4: BPD was measured from the outer to the
outer contour of the parietal bones, and the mean of
three BPD measurements was used. The FL was measured
as the length of the ossified part of the femoral diaph-
ysis in a longitudinal section, using the longest of three
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measurements20. The Bergen–2004 model used the mean
of three FL measurements: this issue has been addressed
previously3.

Statistical methods

The three models for ultrasound-based prediction of date
of delivery were applied to data collected from the
ultrasound examinations and the subsequent deliveries.
The 22 815 measurements with a BPD in the range of
38 to 60 mm were used for EDD calculations with all
three models. The 22 553 FL measurements between
21 and 42 mm were used with the Bergen–2004 and
Trondheim–2007 models.

To correct for the narrowed beam width in newer
ultrasound scanners, which is demonstrated to shorten
measurements in the lateral direction21, a correction for
the time period5 that applies to the FL measurements was
included for the two newer models. The collection of the
data in this study started in 1988, and newer prediction
models should not be unrestrictedly applied to older data.

The resulting term predictions were compared with
the actual time of delivery, and the disagreement was
assessed in terms of the median bias for each model.
The median bias reflects the systematic error of the term
predictions and indicates the calibration level of the model
as related to the study population. Predicting term too
early results in a positive bias and an increased rate of
apparently post-term pregnancies3. The median biases
were calculated for subgroups with different fetal ages,
as well as for the study population as a whole, because
a varying bias may be missed if only the overall median
bias is computed22.

To assess the differences between the LMP-estimated
GA at the actual time of the deliveries and the EDD
as predicted from the BPD measurements with each
model, data from women with available LMP information
were used. From 1999 onwards, the registry included
information on whether the LMP information was certain
or not; in this period only women with certain LMP
data were included in the subanalysis. As a result, 19 131
measurements were available. LMP was defined as reliable
when the woman was certain about the exact LMP date.

P-values for testing a non-zero median bias were com-
puted using permutation tests with 2000 permutations. All
analyses and graphics were produced in the R statistical
programming environment23.

RESULTS

Table 1 shows the percentage of pregnancies ongoing at
4, 7, 11 and 14 days after the EDD predicted from BPD
and FL measurements by each model. Depending on the
prediction model, there is a considerable difference in the
percentage of pregnancies classified as post-term. This
shows that the choice of dating model has a strong impact
on post-term induction rates, regardless of which day past
the EDD is recommended for post-term induction.

The study population of 23 020 pregnancies, with
large numbers even in the subgroups, resulted in only
one median bias in one subgroup having a non-
significant P-value, namely the bias of 0.13 days in the
FL subgroup 21–26 mm for the Bergen–2004 model
(P = 0.18). All other P-values were zero or < 0.01,
indicating biases different from zero (results not shown).
Hence, considering the large sample size, P-values were
not very useful in deciding whether a bias was large
enough to be clinically meaningful or not.

BPD-based predictions

Table 2 shows the median biases with 95% CI for the
study group as a whole and for three different subgroups
with BPD ranges corresponding to a GA of less than
18 weeks (38–43 mm), around 18 weeks (44–46 mm)
and more than 18 weeks (47–60 mm). Figure 1 shows the
median biases of the three models for each BPD value in

Table 2 Term prediction by the three different models using
biparietal diameter (BPD) measurements. Median bias is presented
for the three BPD-range groups and for the study group as a whole

BPD (mm) n Model
Median bias

(days (95% CI))

38–43 6074 Trondheim–1984 −2.75 (−3.01 to −2.48)
Bergen–2004 0.22 (0.17 to 1.14)
Trondheim–2007 0.38 (0.16 to 0.56)

44–46 8682 Trondheim–1984 −0.75 (−0.95 to −0.54)
Bergen–2004 2.29 (1.52 to 2.29)
Trondheim–2007 0.57 (0.26 to 0.73)

47–60 8059 Trondheim–1984 0.35 (0.11 to 0.58)
Bergen–2004 3.68 (3.31 to 3.86)
Trondheim–2007 0.40 (0.30 to 0.72)

38–60 22 815 Trondheim–1984 −0.87 (−1.01 to −0.74)
Bergen–2004 2.22 (2.14 to 2.29)
Trondheim–2007 0.40 (0.30 to 0.57)

Table 1 Percentage of pregnancies still ongoing at 4, 7, 11 and 14 days after the estimated date of delivery (EDD) that was predicted, by
each model, from biparietal diameter (BPD) or femur length (FL) measurements

BPD-based predictions FL-based predictions

Days past EDD Trondheim–1984 Bergen–2004 Trondheim–2007 Bergen–2004 Trondheim–2007

4 30.7 43.6 36.6 41.5 32.9
7 19.9 30.6 24.4 28.4 21.4
11 9.2 16.6 11.9 15.2 9.9
14 4.0 9.2 5.8 7.8 4.4
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the span of the study. The biases of the two sample-based
models varied substantially, both within and between the
models; the bias within a model was related to different
BPD values. The bias for the population-based model was
stable, essentially within ± 1 day.

Figure 2 shows the GA at the time of the delivery as
estimated from the LMP of the women with reliable
LMP data, compared with the EDDs predicted from
BPD measurements with the three ultrasound models, in
the same pregnancies. There was a consistently lower
discrepancy between the EDD predictions from the
population-based ultrasound model and the LMP-based
GAs than there was between the traditional ultrasound
models’ EDD predictions and the LMP-based GAs.
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Figure 1 Median bias values for the three models
(Trondheim–1984 ( ), Bergen–2004 ( ) and
Trondheim–2007 ( )) related to different biparietal diameter
(BPD) measurements.
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Figure 2 Differences between gestational age at delivery as
estimated from last menstrual period (LMP) and date of delivery as
predicted from biparietal diameter (BPD) measurements using the
three ultrasound models (Trondheim–1984 ( ), Bergen–2004
( ) and Trondheim–2007 ( )). The median difference is
marked with vertical lines.
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Figure 3 Median biases for the two models (Bergen–2004 ( )
and Trondheim–2007 ( )) related to different femur length (FL)
measurements.

Table 3 Term prediction by two different models using femur
length (FL) measurements. Median bias is presented for the three
FL-range groups and for the study group as a whole

FL (mm) n Model
Median bias

(days (95% CI))

21–26 5753 Bergen–2004 0.13 (−0.10 to 0.29)
Trondheim–2007 −0.27 (−0.74 to −0.08)

27–29 9315 Bergen–2004 1.72 (1.28 to 1.72)
Trondheim–2007 −0.26 (−0.48 to −0.16)

30–42 7485 Bergen–2004 3.39 (2.98 to 3.61)
Trondheim–2007 −0.46 (−0.63 to −0.41)

21–42 22 553 Bergen–2004 1.72 (1.49 to 1.90)
Trondheim–2007 −0.40 (−0.48 to −0.26)

FL-based predictions

The two models (Bergen–2004 and Trondheim–2007)
were applied to the FL measurements. Figure 3 shows the
median biases of the two models for each FL value in
the inclusion range. The bias of the sample-based model
varied substantially with the size of the fetus at the time
of the ultrasound examination, while it was essentially
stable for the population-based model. The extent of the
biases was similar to that observed with the BPD-based
predictions for the same models, and also to the biases
found for the same models when evaluated on another
population4.

The median biases with 95% CI for the study group as
a whole and for three different subgroups with FL ranges
corresponding to a GA of less than 18 weeks (21–26 mm),
around 18 weeks (27–29 mm) and more than 18 weeks
(30–42 mm) are shown in Table 3.

DISCUSSION

The present evaluation of a population-based model
for prediction of date of delivery and the comparison
of its predictions with those from two traditional
models emphasizes the importance of continuous quality
assessment. In this sample of 23 020 second-trimester
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examinations, the EDD predictions from the BPD and
FL measurements of the population-based model were
reliable; the median bias was generally within ± 1 day,
confirming earlier findings4. The biases of the sample-
based models were considerable in the study population as
a whole and in the subgroups, both for BPD-based and FL-
based predictions. The median biases varied substantially
both with the fetal size at the time of the examination
and between the two models, one generally predicting too
early and the other too late (Figures 1 and 3). This also
agrees with previous findings3,4. Both models performed
adequately for a restricted span of fetal measurements.
The EDD discrepancy between them was consistently
large, and never < 2 days for the BPD-based predictions.
For the late FL-based predictions from Bergen–2004 the
bias amounted to > 4 days.

In 2006, data collected from the same study population
during 1989–1999 were used to evaluate the two
sample-based models’ BPD-based predictions24. That
study included only women with reliable LMP dates,
and all inductions of labor were excluded, negatively
affecting the mean bias25. Therefore, an updated study
was needed to evaluate the population-based model and
the FL measurements, using the more stable median bias
as the outcome.

To remove the overall median biases of the sample-
based models, one could add or subtract a constant value
to all predictions22; this would correspond to shifting the
curves in Figures 1 and 3 up or down along the y-axis
until the median bias was zero. However, the slope of the
curves would remain. Particularly for Bergen–2004, as
both curves slope upward to the right, a correct overall
calibration would result in EDD predictions that are too
late for the small fetuses and too early for the large
ones. Thus, a simple calibration improving the overall
bias would have unfortunate consequences. An optimal
calibration should remove the bias over the whole range of
measurement values; the population-based model achieves
precisely that4.

The population-based model was constructed from
observations of the actual date of delivery to predict the
remaining time of pregnancy and EDD from first-trimester
or second-trimester fetal measurements5,7. However,
modern pregnancy care requires a reliable EDD in the
late stages of pregnancy and knowledge of GA in the
early stages. The traditional sample-based models were
devised to estimate a hypothetical LMP (i.e. GA) from
second-trimester fetal measurements, and derive the EDD
prediction from this3,5,6. The population-based model
estimates the GA as 283 minus the predicted remaining
time of pregnancy. In the reference population5,26,
283 days is the median time from the LMP to birth. As the
traditional models are based on estimating the LMP, one
might assume that these methods would provide EDDs
and GAs that correspond more closely to those computed
from the LMP. Interestingly, this is not the case (Figure 2).
The EDD predictions from the population-based method
correspond more closely to the GA at delivery computed
from the LMPs of women with reliable LMP data, as seen

from the narrower distribution curve of the discrepancy
between the LMP- and ultrasound-based estimates. An
overall calibration to remove these median differences
(the shifts of the curves away from zero) would not alter
the shape of the curves. Thus, the population-based EDD
predictions would still agree better with the LMP-based
predictions.

The better corresponding ultrasound- and LMP-based
estimates have immediate clinical consequences. First,
it is beneficial both for scheduling examinations and
reducing concern. Second, it reduces the risk of erroneous
dating for fetuses that are small or large at the routine
examination27. The new population-based method is thus
better adapted to the actual target population than are
the sample-based methods.

The present analysis, together with two previous
studies3,4, comprises a total of 73 400 examinations in
three different populations. These studies demonstrate
that both sample-based models give systematically biased
EDD predictions and GA calculations. The essential
problem is that the traditional models were developed on
samples with distributions different from the populations
to which they are applied. The population distribution
has a strong concentration of examinations at around
17–19 weeks. The considerable numbers of small-
for-gestational-age (SGA) and large-for-gestational-age
(LGA) fetuses in this central group have correspondingly
lower and higher BPD and FL values than expected, and
therefore they ‘spill over’ to measurement intervals with
fewer observations and pull their median values toward
17–18 weeks. For the entire population these medians
constitute the optimal predictions of remaining time for
a given biometric measurement, taking into account both
the appropriate-for-GA (AGA) fetuses and the ‘spillover’
of SGA and LGA fetuses. The sample-based models were
developed using data with a flat GA distribution, where
the ‘spillover’ of neighboring SGA and LGA fetuses is
balanced and will cancel out. Thus, such models in effect
only pay attention to the AGA fetus. Using these models
on an unselected population, the large numbers of SGA
and LGA fetuses in the central part of the population
that are incorrectly interpreted as AGA fetuses of lower
or higher age, will produce the reported prediction biases.
Conversely, because it is aimed at the actual population,
the new method corrects for this effect.

The population-based model will better predict the
date of delivery for fetuses with intrauterine growth
restriction (IUGR). However, identification of early IUGR
fetuses cannot be performed from one single ultrasound
examination, irrespective of the prediction model27. Any
significant difference between reliable LMP-based and
ultrasound-based EDD dates indicates a need for further
evaluations27–29.

In uncomplicated pregnancies with spontaneous deliv-
eries close to the EDD, inaccurate dating is of less
clinical importance, yet of interest in assessing perina-
tal outcome or evaluating management protocols. While
preterm deliveries are mainly unavoidable, even if occa-
sionally scheduled, iatrogenic postmaturity may follow
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a biased EDD, leading to unnecessary induction of labor
shortly past term4. The resulting increase in wrongly iden-
tified post-term pregnancies is substantial (Table 1), yet
often ignored. A prerequisite for comparison of induction
routines is unbiased and uniform EDD predictions with
comparable post-term rates12.

In conclusion, to obtain reliable EDD predictions, the
distribution of the population used to develop a model
must correspond to the population to which the model
is applied. The model must also answer dating questions
both in early and late pregnancy. Including this sample
of 23 020 examinations, we have now confirmed our
findings in a population totaling 73 400 examinations3,4.
The population-based model is the method of choice for
assessing GA and EDD.
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