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Purpose:  To  compare  fetal ultrasound  measurements  performed  by two  observers  with  different  levels  of
experience  and  evaluate  the  potential  contribution  of the use of three-dimensional  (3D)  ultrasound  on
repeatability,  reproducibility  and  agreement  of two-dimensional  (2D)  and 3D-derived  measurements.
Materials  and  methods:  Two  observers  (one  senior  and one  junior)  measured  head  circumference  (HC),
abdominal  circumference  (AC)  and femur  length  (FL)  in  33  fetuses  (20  to 40  weeks  of gestation).
Each  observer  performed  two  series  of  2D  measurements  and  two  series  of  3D  measurements  (i.e.,
measurements  derived  from  triplane  volume  processing).  Measurements  were  converted  into  Z-scores
according to  gestational  age.  Variability  between  the  different  series  of measurements  was  studied  using
Bland–Altmann  plots  and  intra-class  correlation  coefficients  (ICC).
Results:  Agreement  with  the 2D  measurements  of the  senior  observer  was  higher  in  3D  than  in 2D  for
the  junior  observer  (systematic  differences  of  −0.4, −0.2 and  −0.8  Z-score  vs.  −0.1,  −0.1  and  −0.6  for
HC, AC  and  FL on  2D  and  3D  datasets,  respectively).  The  use  of 3D  ultrasound  improved  junior  observer
repeatability  (ICC  =  0.94,  0.88,  0.90 vs.  0.94, 0.94  and  0.96  for HC,  AC  and  FL  in  2D  and  3D,  respectively).

The  reproducibility  was  greater  using  the  junior  observer  3D datasets  (ICC  =  0.75,  0.60  and  0.45  vs.  0.79,
0.89  and  0.63  for  HC,  AC  and  FL,  respectively).
Conclusion:  The  use  of  3D ultrasound  improves  the  consistency  of  the  measurements  performed  by  a
junior  observer  and  increases  the  overall repeatability  and reproducibility  of measurements  performed
by  observers  with  different  levels  of  experience.

© 2020  Société  franç aise  de  radiologie.  Published  by  Elsevier  Masson  SAS. All rights  reserved.
. Introduction

Screening for fetal growth abnormalities relies primarily on

ccurate biometric measurements performed on two-dimensional
2D) ultrasound images, allowing the estimation of fetal weight
1]. As with all screening tests, it is essential to maintain strict

Abbreviations: 2D, Two-Dimensional; 3D, Three-Dimensional; AC, Abdominal
ircumference; BMI, Body Mass Index; CI, Confidence Interval; EFW, Estimated Fetal
eight; FL, Femoral Length; HC, Head Circumference; HSD, Honestly Significant

ifference; ICC, Intraclass Correlation Coefficients; WG,  Weeks’ Gestation.
∗ Corresponding author at: Inserm, IADI, Université de Lorraine, 54000 Nancy,
rance.

E-mail address: g.ambroise@chru-nancy.fr (G. Ambroise Grandjean).

ttps://doi.org/10.1016/j.diii.2020.03.004
211-5684/© 2020 Société  franç aise de radiologie. Published by Elsevier Masson SAS. All
control over the reproducibility of the measurements used [2,3].
The operator-dependent nature of ultrasound compared with other
imaging techniques is well understood [4] and impacts negatively
on the quality of the measurements. The variability of ultrasound
measurements is difficult to quantify probably due to several fac-
tors including the identification of anatomical landmarks, plane
acquisition and caliper positioning [3]. However, even if this vari-
ability is marginal and acceptable for experienced operators, it
remains substantial for inadequately trained operators [4–7].

The use of three-dimensional (3D) ultrasound allows a poten-

tial pathway to improve the accuracy of fetal measurements.
Offline analysis of stored 3D volumes to select the plane, which
corresponds to the conventional 2D ultrasound criteria, can be per-
formed by identifying anatomical landmarks without specific skill

 rights reserved.
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t manipulating the probe [8]. It was previously demonstrated that
epeatability and operator reproducibility could be improved by
sing 3D ultrasound volumes to perform biometric measurements
9,10]. Improvement might be especially significant for inexperi-
nced operators [11]. The use of 3D ultrasound was also shown to
educe the time needed to perform the ultrasound and to lead to
n improved image quality.

However, in previously published reports, fetal biometric mea-
urements were performed at different gestational ages, which did
ot allow for the direct comparison of data. Indeed, expressed in
illimeters, the observed variability between repeated measure-
ents of the same parameter increases with increasing gestational

ge. By using the Z-score, this difficulty can be overcome [12].
Although 3D ultrasound has an a priori lower risk of variability

han 2D ultrasound, it still presents a risk of intra- and inter-
perator variability for two reasons: firstly, due to the quality of
he acquisition of the volume [8] and secondly due to the quality of
he subsequent analysis (selection of the correct plane and caliper
lacement). The specific impact of this second step (i.e., processing
olumes) has not yet been assessed.

The primary goal of this pilot study was to compare fetal ultra-
ound measurements performed by two observers of different
evels of experience and evaluate the potential contribution of 3D
ltrasound on repeatability, reproducibility and agreement of 2D
nd 3D-derived measurements. The additional study had the aim of
ssessing the impact of the observer’s experience on the processing
f the ultrasound volumes.

. Materials and methods

.1. Patients

Data were collected during a prospective cross-sectional pilot
tudy undertaken on women referred for ultrasound examination
o an academic hospital. The standard management of pregnant
omen in our institution includes an ultrasound examination per-

ormed by an expert sonographer (with findings being reported
n the patient’s medical notes). An optional additional ultrasound
xamination may  be performed by a student as part of training. Oral
onsent is obtained from the patient before the additional scan is
ndertaken. This additional scan results in a slightly longer ultra-
ound examination. Data acquired during this scan do not contain
atient information or result in changes to the patient’s care.

This study was performed from November 1st, 2015 until the
anuary 31st, 2016. Women  referred for an ultrasound examination
nvolving biometric measurements between 17 and 41 weeks’ ges-
ation (WG) were invited to participate. The non-inclusion criterion
as the refusal to participate in the optional part of the examina-

ion. The exclusion criterion was the presence or suspicion of a fetal
bnormality.

.2. Ultrasound protocol and image analysis

The measurements were performed on a Voluson E8® (GE
ealthcare) using a 4–8 MHz  probe. During the ultrasound exami-
ations, a mask was placed on the screen to prevent the observer

rom seeing the measurements and gestational age-related per-
entiles. Each 2D and 3D measurement was performed twice by
ach observer to evaluate the reproducibility.

All 2D and 3D biometric measurements were performed accord-
ng to the methodology published in the Intergrowth 21 study [1].

he procedures for analyzing the volumes were developed and
mplemented by adapting procedures from previous publications
nd using the co-author’s expertise [8]. The 3D volume acquisition
as obtained in triplane mode with the sweep angle set at 60◦.
erventional Imaging 101 (2020) 481–487

This angle had been previously defined to encompass all the rele-
vant structures in a fetus at 41 WG.  In order to limit the distortion
of the volumes, the acquisition planes were: a transverse transtha-
lamic plane, a transverse abdominal plane and a plane allowing the
visualization of the uppermost femur (with less than 40◦ angulation
compared to the horizontal) for the volumes of the cephalic pole,
the abdomen and the thigh respectively [8]. For very active fetuses,
the speed of acquisition was increased. The pressure of the probe
on the maternal abdomen was  adjusted in order not to deform the
contours of the fetal anatomy. All of these acquisition techniques,
as well as the visual assessment of the absence of artifact caused
by fetal movement during the volume acquisition, were covered in
the teaching received by the junior observer before the study.

The time taken to obtain the 2D planes and 3D volumes, as well
as the analysis of the volumes, were recorded. For 2D measure-
ment procedures and 3D volumes acquisition, the observers kept an
empty screenshot at the beginning and end of each process to calcu-
late the duration. For volume processing procedures, the observers
used an external timer.

2.3. Data collection and definitions

Data were collected during examinations performed succes-
sively by both a senior observer and a junior observer. The senior
observer (G. A.) was  an expert sonographer and a trainer for fetal
biometry training programs. This observer has conducted over
2000 ultrasound examinations, with both 2D and 3D technique,
over the last five years. The junior observer (M.C.) was a trainee
in obstetrics and gynecology and had performed less than 50 2D
ultrasound examinations in the course of his training and had min-
imal experience in 3D ultrasound. Before the study commenced, the
junior observer received two hours of theoretical training and four
hours of hands-on training on how to perform 2D and 3D fetal biom-
etry including measurement methodology, anatomical landmarks,
volumes acquisition and 3D volume processing.

Conventional 2D measurements performed by the senior
observer were chosen as the reference standard. The index tests
assessed were 2D measurements performed by the junior observer
and 3D measurements performed both by the senior and the junior
observers. The STARD standards were used to report the results
[13].

For each fetus, datasets comprising of the head circumference
(HC), the abdominal circumference (AC) and the femur length (FL)
were recorded twice by the two  observers and further referred to
as datasets 2Dsenior and 2Djunior. Similarly, 3D volumes (cephalic
pole, abdomen, and thigh) were acquired twice by both observers.
At the end of the collection period, the volumes were reviewed
off-line by their respective observers to obtain the corresponding
measurements: HC, AC, and FL and further referred to as datasets
3Dsenior and 3Djunior.

As part of the additional study, the volumes acquired by the
junior observer were reset and processed again by the senior
observer (dataset 3Dreview) to evaluate the specific impact of off-
line processing on inter-observer reproducibility and to assess the
impact of 3D acquisitions quality on the processing step. The intra-
observer reproducibility was not studied as part of this additional
study.

The two  observers processed all the measurements in a ran-
dom order to limit the impact of memorization effect and training
bias on variability. These procedures produced four 2D-datasets for
each fetus (two datasets 2Dsenior and two datasets 2Djunior) and
five 3D-datasets (two datasets 3Dsenior, two datasets 3Djunior and

one dataset 3Dreview). Examples of measurements performed by
processing 3D acquisition (triplane view and post-reviewing view)
and a flowchart of the data acquisition procedure are provided in
Figs. 1 and 2, respectively.
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Fig. 1. Examples of measurements performed by three-dimensional processing acquisition (triplane view and post-reviewing view). a: head measurements; b: abdominal
circumference; c: femur length. Arrows indicate caliper locations.
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Fig. 2. Flowchart of the selection of patients and data

For all women, indication for ultrasound examination, body
ass index (BMI), maternal age, gestational age, complications or

isk factors and fetal presentation were recorded.

.4. Statistical analysis

The term “agreement” referred to the fact that two or more
ndependent measurements of the same parameters were equal
14]. The term “repeatability” referred to the ability of a same
bserver to obtain similar results on iterative measurements per-
ormed on the same fetus [15]. The term “reproducibility” referred
o the ability for different observers to obtain similar results mea-
uring the same fetus. The terms “random error” and “systematic
rror’ referred to the individual variability related to unpredictable
hanges due to changes in observer or technique and predictable
hanges related to a tendency to over- or under-estimate a
agnitude.
Use of Z-scores to report fetal measurements resulted in vari-
bility remaining constant irrespective of fetal size [12]. All of the
easurements were, therefore, converted into Z-scores using the

eferences provided by the Intergrowth 21st study [1]. The fol-
owing cut-offs, Z-score < −1.3 and Z-score > 1.3 (corresponding to
sition procedures by the senior and junior observers.

measurements < 10th percentile and > 90th percentile) were used
to assess the distribution of measurements in each series.

To underline the clinical impact resulting from a difference in
fetal biometric measurements, the estimated fetal weight (EFW)
was calculated using the Hadlock formula [16]. The Intergrowth
50◦ centile for 32 WG was  used as the reference.

A minimum of 30 observations (i.e., 30 fetuses) was required
to provide a sample with a normal distribution as a part of a pilot
study. A further 10% was added to mitigate the risk of missing data.
Therefore, the protocol specified 33 fetuses needed to be scanned.

All quantitative data were expressed as mean ± standard devia-
tion (SD) and ranges. Paired Welch two sample t-test was used for
duration comparison. The differences between the different series
of measurements were searched for with the Tukey’s HSD test (hon-
estly significant difference). Significance for difference was set at
P < 0.05. The calculation of the intraclass correlation coefficients
(ICC) with their 95% confidence interval (CI) allowed the assess-
ment of the repeatability and reproducibility between the different
series. Statistical analysis was  performed using R software version
3.2.0 (R Core Team).
Agreement between the different series of measurements was
evaluated using Bland–Altman plots [14].
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. Results

.1. Patients

Of the initially 40 consecutive eligible women, measurements
nd acquisitions were performed on 33 women because 7 refused
he additional examination. The mean maternal age was  28
ears ± 3.9 (SD) years (range: 20–40 years) with a mean gesta-
ional age of 28 ± 5 (SD) WG (range: 20–40 WG). The mean body

ass index (BMI) of the women was 27 ± 5.18 (SD) kg/m2 (range:
7–36 kg/m2) with 23 women having a BMI  ≥ 25 kg/m2.

Fetal measurements and volume acquisitions were performed
uring routine 2nd and 3rd trimester ultrasound appointments for
0 of the 33 women. The other 13 women were scanned to mon-

tor fetal growth. The pregnancies progressed normally in 28/33
omen (85%), with the other five women having the following

omplications or risk factors: gestational diabetes (n = 3), arterial
ypertension (n = 1) and antiphospholipid antibodies syndrome
n = 1). Fetal presentation was cephalic in 20/33 women  (61%),
reech in 7/33 women (21%), and transverse in 6/33 women (18%).
he flowchart of the study population recruitment is presented in
ig. 2.

Both observers acquired the necessary 2D images and 3D vol-
mes for biometric measurements in all women. However, on
rocessing his 3D volumes, the junior observer identified that
n three occasions a volume of the shoulder and humerus had
een mistakenly acquired instead of the pelvis and femur. The FL
easurements corresponding to these three volumes were not cal-

ulated.
The mean time taken for fetal biometry in 2D & 3D is reported

n Table 1. The senior observer obtained measurements signifi-
antly faster using both 2D images and 3D volumes than the junior
bserver. The use of 3D volume acquisition significantly reduced

he “point of care” time for both observers. However, when the
ime for the complete procedure was analyzed (i.e., 3D acquisition
nd processing) 3D procedure time was significantly longer than
D procedure time for junior and senior observers (P < 0.001).

able 1
uration times for fetal biometry using two-dimensional and three-dimensional ultrasou

2D 3D 

Mean time 2D Mean time volume
acquisition

Junior observer 6:02 ± 2:20
[1:55–11:50]

2:49 ± 1:09
[1:30–7:21]

Senior  observer 2:54 ± 0:44
[1:23–4:45]

1:56 ± 0:32
[1:06–3:36]

P-value* < 0.001 < 0.001 

ata are given in minutes:seconds and expressed as means ± standard deviations; numb
* Paired Welch two sample t-test was used for comparison.

able 2
istribution of measurements for 2Dsenior, 3Dsenior, 2Djunior and 3Djunior datasets.

Senior observer 

2D 3D 

Head circumference 0.212 ± 1.05
[−2.2–2.5]
3; 11a

0.215 ± 0.
[−2.1–2.9
2; 5a

Abdominal circumference 0.864 ± 1.15
[−1.7–3.5]
2; 22a

0.93 ± 1.1
[−2.1–2.8
3; 23a

Femoral length 0.535 ± 1.23
[−2.9–3.6]
2; 13a

0.472 ± 1.
[−2.2–3.8
2; 14a

ata are expressed as means of Z-scores ± standard deviations; numbers in brackets are r
a Numbers of measurements < −1.3 Z-score or 10 centiles and > 1.3 Z-score or 90 centil
erventional Imaging 101 (2020) 481–487

3.2. Distribution of measurements

There were no significant differences between the different
observers’ measurements of the HC and AC or between the 2D and
3D measurements (Table 2). The mean of the biometric measure-
ments obtained by the junior observer using 2D ultrasound (dataset
2Djunior) was  lower with a higher standard deviation than using
3D. And significant differences in 2D measurements were found for
FL between the junior and the senior observer (P = 0.038).

The number of measurements < −1.3 Z-score or > 1.3 Z-score
(below the 10th or above the 90th centile) was  reduced for
the junior observer when using 3D ultrasound. The concordance
between the two observers for the number of measurements
between < −1.3 and > 1.3 Z-score increased when the junior
observer used 3D volumes.

3.3. Senior observer

The senior observer demonstrated high degrees of agreement
between all measurement techniques, with a 95% CI of less than
1 Z-score for the three parameters (Fig. 3). This variability cor-
responded, in a clinically relevant manner, to 95% of EFWs being
between 1534 g and 2039 g for a 1762 g fetus at 32 WG (Table 3).
The repeatability of the measurements was  high within all the
series (ICC ≥ 0.90 for the datasets 2Dsenior and 3Dsenior) and an
improvement was seen using 3D for the HC and FL parameters
(Table 4).

3.4. Junior observer

The agreement between the reference measurements (dataset
2Dsenior) and the datasets 2Djunior and 3Djunior were weaker
than those seen between the reference and the dataset 3Dsenior.

For the HC and AC parameters, the 95% confidence interval was
approaching 2 Z-scores in both 2D and 3D (Fig. 3). A systematic
difference of approximately −0.4 and −0.2 Z-score with the refer-
ence measurements was found for the dataset 2Djunior for these

nd by two  observers.

P-value*

Mean time volume
processing

Total mean time 3D
procedure

8:50 ± 2:45
[4:47–15:55]

11:40 ± 3:12
[6:54–19:51]

< 0.001

7:24 ± 1:28
[5:26–11:43]

9:20 ± 1:40
[7:13–13:42]

< 0.001

0.008 < 0.001 –

ers in brackets are ranges.

Junior observer

2D 3D

94
]

−0.134 ± 1.38
[−3.7–3.5]
14; 10a

0.137 ± 1.19
[−2.2–3.1]
8; 8a

7
]

0.685 ± 1.16
[−1.8–3.5]
4; 25a

0.755 ± 1.08
[−1.6–2.8]
3; 20a

21
]

−0.396 ± 1.65
[−6.6–3.8]
10; 2a

0.006 ± 1.54
[−2.9–3.2]
5; 8a

anges.
es for each dataset.
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Fig. 3. Graphs show agreement with reference measurements (2Ddataset) for 3Dsenior, 2Djunior, 3Djunior & 3Dreview datasets. Head circumference (a), abdominal
circumference (b) and femur length (c).

Table 3
Examples of fetal weight estimation (EFW) confidence interval at 32 weeks when comparing each technique to the reference set (Dataset 2Dsenior).

Parameters 50◦ percentile 32
WG

Dataset 2Dsenior versus
3Dsenior (95% CI)a

Dataset 2Dsenior versus
2Djunior (95% CI)a

Dataset 2Dsenior versus
3Djunior (95% CI)a

Dataset 2Dsenior versus
3Dreview (95% CI)a

Head circumference 294.5 286.5–302.2
[−0.8–0.8]

275–308.7
[−2–1.5]

276.3–311.8
[−1.9–1.8]

274.2–312.7
[−2.1–1.9]

Abdominal circumference 273.9 259–289
[−1.1–1.2]

240–301.3
[−2.5–2]

249.5–294.3
[−1.8–1.5]

245.5–304
[−2.1–2.2]

Femoral length 59.4 56.8–61.8
[−1.1–1]

49.9–64.2
[–4–2]

51.1–64.4
[−3.5–2.1]

54.5–64
[−2.1–1.9]

Fetal weight estimationb 1762 1534–2039 1176–2281 1270–2215 1301–2341

Data are expressed in millimetres with corresponding Z-score in brackets. WG:  weeks of gestation
a 95% confidence interval derived from Bland Altmann graphs in Fig. 3.
b Corresponding fetal weight estimation according to Hadlock 3.

Table 4
Repeatability & reproducibility of fetal measurements by to different observers using intraclass correlation coefficient.

Repeatabilitya Senior Junior

2D 3D 2D 3D

HC 0.90 (0.81–0.95) 0.93 (0.86–0.97) 0.94 (0.88–0.97) 0.94 (0.88–0.97)
CA  0.95 (0.90–0.97) 0.95 (0.87–0.97) 0.88 (0.78–0.94) 0.93 (0.87–0.97)
FL  0.94 (0.89–0.97) 0.97 (0.93–0.98) 0.90 (0.81–0.95) 0.96 (0.91–0.98)

Reproducibilityb Dataset 2Dsenior vs.
2Djunior

Dataset 2Dsenior vs.
3Djunior

Dataset 3Dsenior vs.
3Djunior

Dataset 2Dsenior vs.
3Dreview

HC 0.75 (0.54–0.87) 0.71 (0.49–0.85) 0.79 (0.61–0.89) 0.70 (0.46–0.84)
CA  0.60 (0.34–0.78) 0.78 (0.6–0.88) 0.89 (0.79–0.95) 0.60 (0.33–0.78)
LF  0.45 (0.10–0.69) 0.63 (0.36–0.8) 0.63 (0.33–0.8) 0.71 (0.48–0.85)

Intraclass correlation coefficient was calculated from data given in Z-score and given along with their confidence intervals in parentheses. HC: head circumference; AC:
abdominal circumference; FL; femur length.

a Comparison between repeated measurements of the same parameter by the same observer.
b Comparison between the first measurement of each dataset for each technique and observer.
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wo parameters, respectively. This difference was consistent with
he average differences seen in Table 2 (underestimation of mea-
urements within the 2Djunior dataset compared to the reference
ataset).

Concerning the femur measurements, the agreement between
he 2D and 3D series of the junior operator and the reference mea-
urements were even weaker with a 95% CI > 3.5 Z-scores and
n underestimation of measurements, compared to the reference
ataset. This variability corresponds to 95% of EFWs being between
176 g and 2281 g for a 1762 g fetus at 32 WG in 2D (Table 3). And,
o 95% of EFWs being between 1270 g and 2215 g in 3D (Table 3).
he repeatability of the measurements was raised in 3D with ICCs
lose to those seen within the 2Dsenior dataset (Table 4).

.5. Reproducibility

The inter-operator intra-technique reproducibility was  higher
hen both operators measured from 3D volumes rather than in

D. A particular benefit was seen for AC and FL (ICC = 0.60 and 0.45
s. 0.89 and 0.63 for 2D and 3D, respectively) (Table 4).

.6. Impact of acquisition quality on 3D volumes processing

Analysis based on Bland Altmann plots showed that when
he senior observer processed the 3D volumes acquired by the
unior observer (dataset3Dreview) the agreement with the refer-
nce range (dataset 2Dsenior) was lower than the agreement of
he 3Djunior dataset with the reference range. Similarly, repro-
ucibility between 3Dreview & 2Dsenior was lower than 3Djunior

 2Dsenior for the measurements of HC and AC. Those results
emonstrated a reduction in reproducibility in connection with
he processing by the senior operator (Table 4). However, this
ame comparison for the FL shows a raised reproducibility within
he 3Dreview dataset with a beneficial impact of the review by
he expert operator (Table 4). The variability between 3Dreview &
ataset 2Dsenior corresponds to 95% of EFWs being between 1301 g
nd 2341 g for a 1762 g fetus at 32 WG (Table 3).

. Discussion

This pilot study demonstrated that, when taking fetal biomet-
ic measurements, agreement with the senior observer was  higher
hen the junior observer used 3D ultrasound volumes. The dis-

ribution of measurements was closer to the reference range, and
epeatability and reproducibility were increased. Taking fetal bio-
etric measurements using 3D volumes was significantly slower

or the junior observer when taking into account the entire pro-
edure but allowed a significant shortening of the duration of the
point of care” examination.

On the opposite, using 2D ultrasound, the junior observer under-
stimated measurements. This was most notably seen for the FL. A
ossible explanation for this could be a confusion between identify-

ng the humerus instead of the femur. This confusion was detected
n three cases when reviewing the 3D volumes and these were
xcluded. As this potential confusion was not detected at the time of
he 2D scan no measurements were excluded from the 2D dataset.
n clinical practice this could lead to errors in obstetric management

hich could be mitigated by the use of 3D volumes.
In our study, there was a limited impact of the imaging tech-

ique (2D or 3D) on the biometric measurements obtained by the
enior observer. The slight improvement of repeatability obtained
sing 3D for the measurements of HC and FL was balanced out by

he duration of the procedure, which was significantly longer than
he time taken to obtain the measurements in 2D.

The patients included in this study were done so in a con-
ecutive manner without exclusion for growth abnormality. This
erventional Imaging 101 (2020) 481–487

explains the distribution seen within the cohort, with a large
proportion of measurements < −1.3 Z-score and > 1.3 Z-score. This
choice reflected a desire to study the impact of measurement tech-
niques on a population representative of a standard clinic setting
(physiological and pathological growth, variable fetal presenta-
tions, maternal BMI  representative of the local population). Within
this series, there were several overweight patients (23 patients out
of 33 patients included), which is a factor that limits the quality of
ultrasound measurements. However, it appears that the use of 3D
ultrasound is feasible as volumes were obtained in all patients and
indeed may  have a beneficial impact when performing biometric
measurements.

Regarding the differences in the range of measurements per-
formed on 2D images and from 3D volumes, this has been already
reported in a previous study and is potentially explained by the dif-
ficulties encountered in 2D measuring with the associated risk of
random error and of a more significant under- or over-estimation of
measurements (systematic errors) [9]. This bias seems to be limited
by using the 3D technique especially for the junior observer [11],
however, the specific composition of our cohort (a large propor-
tion of measurements < −1.3 Z-score and > 1.3 Z-score) may have
accentuated this effect. This finding calls for caution over the clin-
ical interpretation of 3D measurements. Current reference ranges
referring to 2D data are probably not superimposable on a 3D series.

The starting hypothesis of the additional 3D review study was to
confirm that the senior observer’s review of the junior observer’s
3D volumes would result in increased reproducibility and agree-
ment of the measurements. However, this point was not confirmed
(inter-operator ICC was  weaker for the HC and AC parameters for
the 3Dreview dataset). The only advantage observed concerned the
agreement of FL measurements with the reference measurements.
These results underline that the experience of the observer appears
to have a more significant impact when using 2D ultrasound than
3D ultrasound. This difference could be partly explained by the
standardization of analyzing 3D volumes, limiting the observer-
dependent nature of performing measurements. This would need
to be confirmed on a more extensive series involving different
observers from different institutions to reduce the interpretation
bias related to each observer. However, these finding echoes the
concerns recently put forward in the Beyond Ultrasound First
Forum [5] regarding quality control of data and the evolution
of ultrasound within different imaging techniques. It encourages
research aimed at automating the measurement process, especially
regarding the analysis of 3D volumes [17–19].

The use of Z-scores to compare ultrasound measurements pre-
vents an over-estimation of the agreement and reproducibility
for the measurements in early gestations (where a low variabil-
ity is seen of measurements when presented in millimetres) and
similarly an under-estimation of the same parameters at later ges-
tations [12]. By using Z-scores in this study it allowed comparison of
these data with previously published data. Variability seen between
repeated measurements of the same parameter in 2D and 3D by
the senior observer is equivalent to that seen in conventional 2D
ultrasound of large cohorts. The use of Z-scores also allows a com-
parison of the 3D ultrasound measurements by the junior observer
with data published in the same format, opening the possibility to
subsequent comparisons to verify these preliminary results.

There are two main limitations to this study. The first relates to
the small population size and the number of observers performing
the scans. This limits the possibility of extrapolating the results
to standard care. The second relates to the use of 2D measure-
ments obtained by the senior observer as the gold standard for the

reference range.

In conclusion, the results of this pilot study confirm prior results
regarding the use of 3D ultrasound in reducing differences in fetal
measurements due to the level of observer experience and also in
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[19] Ambroise Grandjean G, Hossu G, Banasiak C, Ciofolo-Veit C, Raynaud C, Rouet
G. Ambroise Grandjean et al. / Diagnostic a

educing the duration of “point of care” examination for non-expert
bservers. These preliminary results support the possibility to stan-
ardize measurement procedures by using 3D ultrasound volumes,
llowing us to reflect on the use of this technique in the training of
hysicians and sonographers, in the quality control of data and in
he development of new measurement techniques.
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