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Abstract: The aim of this study was to evaluate the interobserver reliability of sonographic fetal weight estimation 
between experienced obstetrician and radiologist immadiately prior to delivery and to compare the sonographic 
accuracies of estimated fetal weights (EFW) between the sonographers. This was a prospective study of singleton 
pregnancies that underwent sonographic fetal weight estimation prior to scheduled delivery. One obstetrician and 
one radiologist, performed all examinations prior to delivery. Sonographic fetal weight estimations were obtained 
from each ultrasonographic examination. EFWs were compared with the actual birth weight (ABW) and interobserver 
reliability of sonographic fetal weight estimation between two sonographers was assessed. A total of 245 subjects 
were included. Inter-observer reliability coefficient for EFW was 0.864 (95% confidence interval: 0.825-0.894, P < 
0.001). Mean values of EFWs by radiologist and obstetrician did not significantly differ (P = 0.480) while both did 
significantly differ from the ABW (P < 0.001, for both comparisons). The mean absolute error for EFW obtained by 
radiologist and obsterician was 227 (± 160) and 197 (± 138), respectively (P < 0.01). The mean absolute percent-
age error for EFW obtained by radiologist and obsterician was 7.09 (± 5.17) and 6.15 (± 4.38), respectively (P < 
0.01). EFWs measured by radiologists and obstetricians are similar but both are significantly distant from the ABW. 
However, obstetricians measure EFW significantly more accurate than the radiologists do.

Keywords: Interobserver reliability, fetal weight estimation, ultrasonography

Introduction

Sonographic estimation of the fetal weight 
(EFW) is an integral part of routine antenatal 
care and has a pivotal role in obstetric practice 
with a major impact on antenatal management 
[1]. The optimal practice of obstetrical care 
requires an optimal estimation of fetal weight. 
Many important clinical decisions depend upon 
a precise and accurate assessment of sono-
graphic fetal weight estimation. The accuracy 
of EFW is also crucial for optimal delivery man-
agement and allows obstetrician to make man-
agement decisions [1]. Sonographic EFW prior 
to delivery is part of the daily routine obstetric 

practice worldwide; however, sonographic EFW 
has some limitations due to the subjective ele-
ments of this measurement [2, 3]. Various clini-
cal factors such as maternal weight, amniotic 
fluid volume, fetal sex, multiple pregnancy, the 
presence of gestational diabetes mellitus, time 
interval from ultrasound examination to deliv-
ery, fetal size and gestational age have also 
potential to affect the accuracy of sonographic 
EFW [2, 4-8]. The majority of literature on this 
topic has focused on the maternal and fetal 
component in the accuracy of sonographic 
EFW. Technical factors related to the experi-
ence of the sonographer may further differen-
tially impact the accuracy of sonographic EFW. 
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Technical factors regarding the operator him-
self have not been well investigated. There are 
quite few studies, which investigate the effect 
of operator-dependent subjective factors on 
accuracy of sonographic EFW [7, 9-12].

Although widely used in routine obstetric prac-
tice and numerous weight formulas have been 
suggested to compute the sonographic EFW, 
the accuracy of fetal weight estimation has not 
been achieved precisely [1, 13-16]. Despite 
these efforts to improve the accuracy of fetal 
weight prediction, ultrasonography provides 
weight estimates with errors of up to 15%  
when compared with actual birth weights [15, 
17-20]. The operator-dependent subjective 
components of the method are the main cause 
of this high error in predicting fetal weight. 
Moreover, prenatal estimation of fetal weight is 
performed by either obstetricians or radiolo-
gists in many parts of Turkey, depending on the 
practices of health care provider, however, it 
has not been investigated whether these exam-
inations do vary with regards to accuracy and 
reliability. 

In spite of a long history of utilizing ultrasound 
to estimate fetal weight and the potential impli-
cations of these estimates, it is surprising that 
few interoperator variability studies have been 
published. Ultrasound examination is routinely 
performed in Turkey for all pregnancies prior to 
delivery. The aim of this study was to assess 
the reliability in reproducing sonographic EFW 
between radiologist and obstetricians prior to 
delivery and to compare the sonographic EFW 
accuracies of both operators.

Materials and methods

A prospective clinical study was conducted 
between December 2013 and September 
2014 in Kayseri Education and Research 
Hospital of Medicine, a tertiary center where 
approximately 7,200 women deliver each year. 
The study was approved by the institutional eth-
ics committee and all participants signed an 
informed consent form regarding to participate 
in the present study.

Singleton pregnant women who had admitted 
to our department for scheduled labor induc-
tion or scheduled elective cesarean section 
enrolled to the study. Two hundred and fourty-
five singleton pregnant women who fulfilled the 

inclusion criteria were included in the study. 
Inclusion criteria include singleton third-trimes-
ter pregnancies with cephalic presentation and 
admission for scheduled delivery (vaginal or 
elective cesarean delivery). All pregnant partici-
pants were between 37-42th weeks of gestation 
with singleton cephalic presentation and none 
had any medical or obstetrical problems. 

Our exclusion criteria were as follows: multiple 
pregnancies, abnormal presentations (breech, 
transverse and other noncephalic presenta-
tions), oligohydramnios, anhydramnios, con-
genital fetal anomalies, hydrops, intrauterine 
fetal deaths, active stage of labor, unstable 
patients, and obstetric emergencies such as 
antepartum hemorrhage, eclampticia and 
acute fetal distress. Moreover, patients who did 
not deliver within 48 hours after the sonograph-
ic fetal weight estimation were not included 
into study. After informed consent, the partici-
pant completed an enrollment questionnaire 
assessing sociodemographic characteristics 
and medical information. The final study group 
was composed of 245 subjects. 

Gestational age was calculated according to 
last menstrual period and confirmed by in all 
cases by crown-rump length measurements 
done in the first trimester. Two experienced 
sonographers (one experienced radiologist and 
one experienced obstetrician with average 
knowledge in obstetric ultrasound) performed 
all examinations on the day of the patient’s 
admission to clinic. Each measurement was 
performed once by each operator. The initial 
measurement was recorded by the first sonog-
rapher who is an experienced obstetrician (F.C). 
Subsequently, a second sonographer who is an 
experienced radiologist (S.T), blinded to the 
results of the first sonographer, performed the 
same measurements. The fetal biometric mea-
surements and EFW of the first sonographer 
were always removed from the ultrasound scre-
en, after a hard copy had been made, before 
the second sonographer entered the room. The 
operators were not allowed to present in the 
ultrasound room during each other’s examinati-
ons to remove any possible influence by the 
second operator when generating the image 
and measuring the fetal biometry. Each opera-
tor was blinded to any pre-existing measure-
ments. All ultrasound examinations were per-
formed in a single room. Fetal biometrical mea-
surements (biparietal diameter, head circumfe-
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rence, abdominal circumference, and femur 
length) and EFW were obtained by each ultraso-
nographic examination. Fetal biometries and 
EFW calculations were performed by using the 
formula described by Hadlock [15, 21]. For BPD 
a transverse section of the head was used with 
both the lateral ventricles symmetrical in view 
with a horizontal midline. The BPD measure-
ment was made perpendicular to the midline 
outer to inner at the widest point. The head cir-
cumference was measured at the same level 
as the biparietal diameter, around the outer 
perimeter of the calvarium. The FL was measu-
red by including only the femoral diaphysis len-
gth, excluding the hypoechogenic cartilaginous 
structures at either end of the femur. Finally, 
abdominal circumference measurement was 
taken from a transverse section of the abdo-
men at the level of fetal liver and the umbilical 
vein complex. All measurements were obtained 
at the appropriate levels described elsewhere. 
Ultrasonographic fetal weight (EFW), in grams, 
was estimated with Hadlock formula using a 
combination of the BPD, AC, and FL using a for-
mula that combines BPD, AC and FL [15]. In all 
cases, the sonographic fetal weight estimation 
was done 1-2 days before delivery to eliminate 
the possible impact of the time elapsed 
between ultrasound examination and delivery 
on the accuracy of the EFW. Actual birth weight 
was measured within 30 min after delivery by 
an experienced midwife on a weighing scale, 
which was standardized by monthly calibration. 
Ultrasound examinations were performed tran- 
sabdominally using a commercially available 
ultrasound system, Toshiba Xario (Toshiba Me- 
dical Systems Corporation, Japan) equipped 
with a 4-7 MHz curved, high frequency, and cur-
ved array transducer for all attendants. 

EFW was compared with the actual birth weight 
(ABW) and the difference between the EFW and 

the ABW (simple error) was recorded as error in 
grams. Interobserver reliability of sonographic 
fetal weight estimation between two sonogra-
phers were assessed. Estimated fetal weight 
(EFW) was compared with the actual birth 
weight (ABW) with respect to:

mean of absolute error (MAE) = absolute value 
of [EFW-ABW], and
mean of absolute percentage error (MAPE) =  
absolute value of [EFW-ABW] × 100/ABW.

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation and median (minimum-
maximum) where appropriate. Kolmogorov-
Smirnov Goodness of Fit test was used to test 
the distribution of data. For normally distribu-
ted data, paired samples T-test was used, whe-
reas Wilcoxon signed ranks test was used to 
compare the non-parametric continuous vari-
ables. Inter-observer comparisons were done 
by reliability tests (Cronbach alpha and intrac-
lass correlation coefficients). Two-way mixed 
effects model where people effects are ran-
dom and measures effects are fixed (Absolute 
Agreement Definition) was used. The accuracy 
of actual and sonographic fetal weight estimati-
on were compared using Wilcoxon Signed 
Ranks Test and Pearsons’ correlation coeffici-
ent test for BMI of participants. All the analysis 
were done by Statistical Package for Social 
Sciences version 15.0 (SPSS Inc., Chicago, IL, 
USA). Two-tailed p value less than 0.05 was 
accepted to be statistically significant.

Results

A total of 468 patients who admitted to our 
department for scheduled delivery were evalu-
ated for eligibility and 223 patients were 
excluded, of which 17 refused to participate in 
the study and 206 did not meet the inclusion 
criteria. The final study group was composed of 
245 subjects. 

Some demographic and clinical characteristics 
of patients are illustrated in Table 1. The mean 
of fetal weight estimated by radiologist and 
obstetrician were 3356 ± 375 g and 3344 ± 
365 g, respectively. The mean actual birth 
weight was 3266 ± 366 g. Significant differ-
ences were found with respect to the compari-
son of EFW obtained by each operator and ABW 
(P < 0.001, for both observer). Mean EFW 

Table 1. Demographic characteristics of the 
patients included in the study (n = 245)

Mean ± SD
Age, y 25.84 ± 5.46
BMI, kg/m2 28.29 ± 5.23
Gravidity, n 2.59 ± 1.35
Parity, n 1.21 ± 1.01
Gestational age, w 39.59 ± 1.23
All data were expressed as mean ± standard deviation 
(SD). BMI, body mass index; y, years; n, numbers; w, 
weeks.
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obtained by each operator and ABW of the par-
ticipants are presented in Table 2. There was 
no significant difference between mean EFW 
obtained by radiologist and obstetrician.

Inter-observer reliability coefficients with 95% 
confidence intervals for sonographic EFW was 
0.864 (0.825-0.894, P < 0.001). The reliability 
coefficient for sonographic fetal weight estima-
tion for interclass observations was summari-
zed in Table 2. Interobserver reliability and 
agreement in sonographic EFW measurement 
was high. 

Table 3 demonstrates the median absolute and 
median absolute percentage errors of sonog-
raphic EFW for two operators. Significant diffe-
rence was found between operators regarding 
absolute errors and absolute percentage errors 
(P < 0.01). The median absolute error for sono-
graphic EFW obtained by radiologist and 
obsterician was 192 (5-862) and 160 (0-590) 
g, respectively (P < 0.01). The median absolute 
percentage error for sonographic EFW obtained 
by radiologist and obsterician was 5.7 (0.1-
26.9) and 5.0 (0-19.4), respectively (P < 0.01). 
There was significant difference in the magnitu-
de of the median absolute errors and absolute 
percentage errors between two operators. 

Discussion

Prediction of fetal birth-weight by ultrasound in 
third-trimester is integral to the antenatal care 

and the accuracy of EFW is also crucial for opti-
mal delivery management [1]. In this present 
study, we evaluated the interobserver reliability 
of sonographic fetal weight estimation between 
two experience sonographers in the third-tri-
mester shortly before delivery. We also com-
pared the sonographic EFW obtained by both 
sonographers with the ABW using the absolute 
error and percentage error data. Our study 
demonstrated that the interobserver reliability 
and agreement in sonographic EFW measure-
ment was high. Despite this high interobserver 
agreement for measurement of EFW; absolute 
error and absolute percentage error between 
two operators were found significantly diffe-
rent. In parallel with high interobserver agree-
ment, clinical evaluation of this significant diffe-
rence between operators regarding absolute 
error and absolute percentage error makes this 
finding clinically insignificant.

Previous studies have mostly focused on the 
impact of different weight equations and vari-
ous clinical factors on the accuracy of estima-
ted fetal weight [2, 4-8, 18, 19, 22]. Despite 
the clinical importance of sonographic EFW in 
obstetrical care and delivery management, few 
interoperator variability studies have been pub-
lished [9-12]. In 1993, the first in this issue was 
the study by Chang [12], which was a prospec-
tive study to assess intra and interobserver 
variability in a series of 40 third-trimester preg-
nancies. In that study, EFWs were obtained by 
two experienced sonographers and it was dem-
onstrated that measurements of sonographic 
EFW were reproducible. They reported interob-
server differences of less than 85 g, or approxi-
mately 3.5%, in EFW [12]. Our results were in 
agrement with the prior report of Chang [12]. 
The median absolute percentage error for 
sonographic EFW obtained by radiologist and 
obsterician in our study was 5.7 (0.1-26.9) and 
5.0 (0-19.4), respectively (P < 0.01). This fin-
ding was also comparable with mean absolute 

Table 2. Descriptive statistics for EFW by observers and ABW and inter-observer reliability coefficients 
for EFW (n = 245)

Radiologist Obstetrician P* Inter-observer relia-
bility coefficients

95% CI
P**

Lower Upper
EFW-(Mean ± SD) 3356.20 ± 375.13 3344.59 ± 365.97 0.480 0.864 0.825 0.894 < 0.0001
EFW-Med (Min-Max) 3365 (2083-4391) 3356 (2345-4410) 0.660
Actual Birth Weight ± SD 3266.64 ± 366.48
p* < 0.001 < 0.001
EFW; Estimated fetal weight, CI; confidence interval. *Paired samples t-test, **Intraclass correlation coefficient test.

Table 3. Comparisons of observers for mean 
absolute and percentage errors (n = 245)

Radiologist Obstetrician
P*

Mean ± SD Mean ± SD
MAE 227.32 160.98 197.51 138.54 < 0.01*
MAPE 7.09 5.17 6.15 4.38 < 0.01*
MAE; mean absolute error, MAPE; mean absolute percen-
tage error. *Wilcoxon signed ranks test.
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percentage errors of 6.1 ± 4.2, 5.9 ± 3.8 and 
6.3 ± 5.1% reported in a previous study [23]. In 
that study, the investigators analyzed the bio-
metric measurements of 39 fetuses at term, 
which were independently measured by three 
experienced sonographers [23]. They investi-
gated the contribution of additional examiners 
to prediction of fetal weight by ultrasound and 
it was found that averaging the measurement 
results of two sonographers reduced the mean 
absolute error in EFW by approximately 17% 
(from 6.1% to 5.1%). The overall accuracy of 
sonographic EFW, in terms of median absolute 
error, obtained by two operators in our study 
was 192 (5-862) and 160 (0-590) g, respec-
tively and was consistent with a previously pub-
lished report, in which 840 women undergoing 
ultrasound assessment for EFW shortly before 
induction of labor over a 2-year period had 
been evaluated and a mean absolute error of 
227 ± 197 was reported [24].

Several studies compared the accuracy of dif-
ferent sonographic models for fetal weight esti-
mation [22, 23]. In a retrospective cohort study, 
26 different models using 3705 sonographic 
weight estimations performed less than 3 days 
before delivery were analyzed [22]. They found 
that mean absolute percentage error for EFW, 
obtained by using the combination of AC, FL 
and BPD weight equations, was 6.6%. This fin-
ding was also consistent with our study results. 
In 2003, the accuracies of 25 ultrasonic algo-
rithms for the estimation of term fetal weight in 
82 nondiabetic pregnant women at 35 to 42 
weeks of gestation were investigated [24]. 
Mean absolute percentage error for EFW 
obtained by using the combination of AC, FL 
and BPD weight equations was reported to be 
approximately 8.1%. As compared to the results 
of the study by Nahum [26], the mean absolute 
percentage error for EFW in our study is lower. 
The main discrepancy between the results of 
two studies may be related to differences in 
the study protocols. Nahum [26] reviewed the 
medical records retrospectively and the mean 
interval between sonographic assessment and 
delivery was 8.2 ± 6.4. In our study, the sonog-
raphic assessment was done 1-2 days prior to 
delivery to eliminate the possible impact of the 
time elapsed between ultrasound examination 
and delivery on the accuracy of the EFW. 

Operator experience is an important factor  
to provide accurate fetal weight estimates. A 

study investigating the learning curve for sono-
graphic EFW reported that there were marked 
improvements in accuracy among residents in 
training up to 24 months, where the acceptable 
performance was achieved [10]. The major clin-
ical concern with reliance on sonographic fetal 
weight prediction is that it has inherent inaccu-
racies [1, 16]. Our study focused on the interob-
server variability of sonographic EFW. Due to 
clinical importance of operator-dependent sub-
jective factors on accuracy of sonographic 
measurements; Dudley and Potter developed a 
simple audit method for improving the quality 
of fetal measurements [27]. A further five cen-
ters included in this audit strategy program for 
improving the quality of fetal measurements to 
determine whether quality varied significantly 
[28]. These audit studies demonstrated that 
there was significant variability in sonographic 
fetal measurement quality bet-

ween centers and that sonographic measure-
ment performance could be improved. 

Our study is limited by a number of matters. 
Lack of different formulas for ultrasonographic 
fetal weight calculation. The EFWs were calcu-
lated by using the formula described by 
Hadlock. Ideally, the study would have different 
sonographic fetal weight estimation models. 
The absence of time required for ultrasound 
measurements is another limitation of this 
study. In this current study time required for 
ultrasound measurements was not measured, 
thus comparison between operators regarding 
the time required for ultrasound examination 
could not be made. This study has many 
strengths. The major strength of this study was 
its prospective nature. Other important 
strengths of the study include wide and strict 
exclusion and inclusion criteria and narrow ges-
tational age range and. In addition, all ultra-
sound measurements were performed on the 
same ultrasound machine and in all cases, 
ultrasound assessment for EFW was done 1-2 
days before delivery to eliminate the possible 
impact of the time elapsed between ultrasound 
examination and delivery on the accuracy of 
the EFW. 

Precise estimation of fetal weight is critical in 
determining adequate and accurate obstetrical 
care to pregnant women. Accurate prediction of 
birth weight prior to delivery is a valuable tool 
for determining further obstetric and delivery 
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management. Inaccurate measurements short-
ly before the delivery adversely affects delivery 
management performance and may lead to 
inappropriate or untimely intervention and peri-
natal compromise. Despite considerable tech-
nical advances in ultrasound equipment have 
been achieved and numerous weight formulas 
have been suggested over the past 30 years, 
there is still a lack of accuracy in sonographic 
fetal weight estimation. The importance of 
ascertaining the interobserver reliability of 
sonographic EFW is necessary to further 
improve the accuracy of sonographic EFW dur-
ing pregnancy. Despite the widespread use of 
ultrasound to estimate fetal weight and the 
possible implications of these estimates, there 
is a relative paucity of literature evaluating 
interobserver reliability of sonographic EFW. 

We suggest that sonographic EFW in third-tri-
mester shortly before the delivery is highly reli-
able between the radiologists and obstetri-
cians. EFWs measured by radiologists and 
obstetricians are similar but both are signifi-
cantly distant from the actual birth weight. 
However, obstetricians measure EFW signifi-
cantly more accurate than the radiologists do. 
Further studies are needed to clarify the rea-
sons of the discrepancy between the two mea-
surements and to guide clinicans with respect 
to sonographic estimation of fetal weight. 
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