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ABSTRACT

Objectives To evaluate the agreement between multi-
planar and Virtual Organ Computer-aided AnaLysis
(VOCAL

TM
) techniques for the measurement of total

fetal thigh volume and to assess the repeatability and
reproducibility of measurements performed using these
methods; to derive birth weight-predicting models for
both methods and to compare their accuracies.

Methods This was a cross-sectional study of 150 singleton
pregnancies at 30–42 weeks of gestation in which
ultrasound volumes of the fetal thigh were obtained within
48 hours of delivery and measured using multiplanar
and VOCAL techniques. Bland–Altman analyses were
performed to determine the agreement between the two
methods, and to evaluate intraobserver and interobserver
variability in a subset of 40 patients. Birth weight-
predicting models were derived using total fetal thigh
volumes obtained using the VOCAL (ThiV) and
multiplanar (ThiM) methods as independent variables.
The accuracies of these formulas were compared.

Results The mean percentage difference between mea-
surements performed using the VOCAL technique and
the multiplanar technique was −0.04 and the 95% limits
of agreement were −8.17 and 8.09. The mean percent-
age difference and 95% limits of agreement between
paired measurements in the assessment of intraobserver
and interobserver variability were −1.10 (−7.67 to
5.47) and 0.61 (−7.68 to 8.91) for the VOCAL tech-
nique and 1.03 (−6.35 to 8.41) and −0.68 (−11.42
to 10.06) for the multiplanar method, respectively.
The best-fit formulas for predicting birth weight (BW)
were: BW = 1025.383 + 12.775 × ThiV; and BW
= 1033.286 + 12.733 × ThiM. There was no significant
difference between the accuracies of these formulas.

Conclusions There is good agreement between the
VOCAL and multiplanar techniques for assessment of
total fetal thigh volume. Measurements performed using
both methods are repeatable and reproducible. For
prediction of birth weight, the formulas generated in this
study can be used interchangeably. Copyright  2010
ISUOG. Published by John Wiley & Sons, Ltd.

INTRODUCTION

Fetal thigh volumetry using three-dimensional (3D)
ultrasound has contributed to significant improvements
in the accuracy of birth-weight estimation1–5. It has been
demonstrated that formulas derived from such volume
measurements allow the prediction of birth weight with
absolute percentage errors of less than 6%1–4.

To date, all available data on total fetal thigh
volumetry by 3D ultrasound have relied on measurements
performed using the conventional multiplanar method,
as initially described by Chang et al.1. Therefore, the
usefulness of the newer rotational technique (Virtual
Organ Computer-aided AnaLysis (VOCAL

TM
)) for this

purpose has not previously been tested. A comparison
between the traditional multiplanar technique and the
VOCAL technique for total fetal thigh volumetry can
be justified given the following considerations: first,
data from an experimental study have shown that the
rotational technique is more precise than the multiplanar
technique for volumetry of regular-shaped objects6;
second, the VOCAL technique can be less time-consuming
depending on the selected rotation angle, and this might
facilitate its incorporation into routine clinical practice;
and, third, because both methods are gradually being
accepted as useful tools in obstetric ultrasound, it
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would be helpful to assess whether they can be used
interchangeably in this context.

Moreover, an issue that requires further elucidation is
the repeatability and reproducibility of total fetal thigh
volume measurements using the conventional multiplanar
technique. Most researchers using this method have either
focused on the evaluation of intraobserver variation
alone or have used a small number of patients to
analyze intraobserver and interobserver variability1–4.
In addition, none of the previous studies has clearly
demonstrated whether the acquisition process of 3D
datasets was taken into account as a source of variation
between measurements1–4.

The objectives of this study were to evaluate
the agreement between the traditional multiplanar
technique and the VOCAL technique for total fetal
thigh volumetry and to assess the repeatability and
reproducibility of measurements performed using both
methods. Furthermore, we sought to derive birth weight-
predicting models for both methods and to compare their
accuracies.

METHODS

This investigation was part of a larger prospective cross-
sectional study that aimed to compare estimation of fetal
weight by two-dimensional (2D) and 3D ultrasound. The
data used for this analysis were acquired during the
first 15 months of the study (from July 2007 through
October 2008) at the Center for Integral Assistance to
Women’s Health of the State University of Campinas
Medical School, Campinas, Brazil.

Patients admitted to the hospital for delivery or because
of a high possibility of spontaneous onset of labor in the
next few days were invited to participate in the study.
The eligibility criteria consisted of: singleton pregnancy;
well-defined gestational age according to the known date
of the last menstrual period and confirmed by a first-
trimester scan; normal fetal anatomy; and delivery in our
institution less than 49 complete hours from the scan
performed for acquisition of 3D volumes. The exclusion
criteria were: multiple pregnancy; uncertain gestational
age; fetal anomaly detected by a prenatal ultrasound
scan or after birth; delivery more than 49 hours after
the scan for acquisition of 3D volumes; and delivery in
other hospitals. The amount of amniotic fluid was not
considered as a selection criterion. Patients were non-
consecutive, as ultrasound examination depended on the
weekly schedules of the two physicians. Nonetheless, the
inclusion process respected the chronological sequence in
which the patients were admitted to the hospital. The
ethics committee of the State University of Campinas
Medical School approved this protocol. All patients
who agreed to participate signed an informed consent
form.

Maternal and gestational ages were recorded at the time
of the scan. The weight of the neonate was collected from
the mother’s hospital file. All neonates were weighed
immediately after birth in the delivery room on the

same Filizola Baby electronic scale (Filizola SA Weighting
and Automation, Campo Grande, Brazil), which has a
precision of 5 g and is calibrated every 2 weeks. The
date and time of the scan and the birth were recorded
to allow calculation of the time from the scan to the
birth.

All ultrasound examinations were performed transab-
dominally using a Voluson 730 Expert scanner equipped
with an RAB 4–8L probe (GE Medical Systems, Milwau-
kee, WI, USA) by either one or both of two previously
selected operators: one had 3 years of experience with 3D
ultrasound and is referred to as the first operator (J.R.B.);
and one had 10 years of experience with 3D ultrasound
and is referred to as the second operator (C.F.A.P.).
Examination of the same patient by both physicians was
restricted to cases selected for analysis of intraobserver
and interobserver variability. Patients not included in the
assessment of repeatability and reproducibility of mea-
surements were examined by only one operator.

After routine 2D ultrasound evaluation, the acquisition
and storage of 3D datasets were performed as follows.
Initially, the transducer was held over the longitudinal
aspect of the fetal femur. The 3D volume box was adjusted
for the size of the thigh and the sweep angle was set
between 30◦ and 70◦ depending on the gestational age.
The slowest sweep velocity (four frames per s) was chosen
in order to guarantee the best resolution of the image.
Several thigh volumes were obtained using automatic
sweeps and two to four of them were saved using the
Sonoview function of the scanner for further analysis. The
criteria for storage of the 3D volumes were the absence of
motion artifacts caused by maternal or fetal movements
and the presence of the image of the entire thigh within
the 3D dataset.

Thigh volumetry using the multiplanar and VOCAL
techniques was performed offline using 4D View software
version 5.3 (GE Medical Systems) on datasets retrieved
from the scanner, always by the same operator who
examined the patient. The 3D volume with the best
image quality among all those stored for a specific patient
was chosen for this purpose. In each case, fetal thigh
volumetry was performed using both techniques on the
same dataset.

Multiplanar technique

The following steps were performed to assess thigh volume
using the multiplanar method, as previously described by
Chang et al.1. Initially, the 3D dataset was displayed in
multiplanar mode with the longitudinal, axial and coronal
sections presented simultaneously on the screen (Figure 1).
The sagittal view of the femur was exposed in Plane A
(top left image) and this image was rotated so that the
thigh and whole diaphysis could be seen in a horizontal
position. This plane was fixed so that the corresponding
axial planes of the thigh were demonstrated in Plane B
(top right image) as the cursor was moved throughout its
length. The cursor was positioned at the proximal end of
the femoral diaphysis, which was the starting point for
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Figure 1 Fetal thigh volumetry analyzed using the multiplanar method. Plane A shows the sagittal view of the thigh. Plane B shows the axial
plane in which manual drawing of the contour of the thigh was performed.

Figure 2 Fetal thigh volumetry analyzed using the Virtual Organ Computer-aided AnaLysis (VOCAL) technique: manual drawing of the
contour of the thigh was performed in Plane A and the axial view of the thigh in Plane C was used to detect contouring imperfections.

Copyright  2010 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2010; 35: 417–425.



420 Beninni et al.

volumetry. The surface of the thigh in the corresponding
axial Plane B was manually drawn using a dot cursor.
This procedure was repeated for every axial slice 3 mm
from the previous as the cursor in Plane A moved towards
the distal end of the femur. At the end of this process,
the cursor in Plane A was repeatedly moved from one
extremity of the thigh to the other so that inconsistencies
in the contouring process in Plane B could be corrected.
Fractional limb volumetry, as described by Lee et al.5,
was not used in our study.

VOCAL technique

A stepwise measurement using the VOCAL technique
was performed as follows. The dataset containing the
fetal thigh was initially displayed on the screen in three
orthogonal planes (Figure 2). The sagittal view of the
femur was displayed in Plane A (top left image) and this
image was rotated so that the orientation of the thigh
and whole diaphysis were coincident with the y-axis.
Two demarcating arrows were positioned at each end
of the diaphysis to define the limits of the thigh to be
included in the volume calculation. Plane A (coincident
with the longitudinal view of the femoral diaphysis) was
selected in the multiplanar display, and volume estimates
were computed utilizing the VOCAL program with a
manual trace at 30◦ of rotation. The outer aspect of the
thigh was drawn on every image displayed sequentially
in this plane. At the end of the 180◦ rotation, the built-
in software calculated the volume automatically. Before
this calculation was accepted, the image in Plane A was
scrolled up and down repeatedly so that contouring
imperfections could be corrected in the corresponding
axial section exposed in Plane C (bottom left image).

Agreement between multiplanar and VOCAL
techniques

Data from all patients who fulfilled the inclusion criteria
and for whom thigh volumetry was possible were included
in the comparison between the multiplanar and VOCAL
techniques. The number of patients evaluated by each
operator was not predefined before the start of the
study, but rather depended on the availability of patients
and weekly schedules of the two physicians. When the
patient was evaluated by both operators for assessment
of measurement repeatability and reproducibility, only
the first measurements performed by the first operator
(J.R.B.) were used for evaluation of the agreement between
methods.

Repeatability and reproducibility of the multiplanar
and VOCAL techniques

Among all patients initially evaluated by the first operator,
40 were randomly selected for analysis of intraobserver
and interobserver variation. This operator (J.R.B.) initially
stored two to four 3D volumes of the fetal thigh.
Afterwards, the second operator (C.F.A.P.) stored two to

four 3D volumes. Then, the first physician examined the
same patient again and stored another set of 3D volumes
(two to four datasets). For repeatability assessment
(intraobserver variation), the first operator selected the
3D volume with the best image quality among those
captured in the first evaluation and calculated thigh
volumes using the multiplanar and VOCAL techniques.
This procedure was later repeated by this operator using
datasets stored at their second evaluation, at least 1 week
after the first set of volumes had been analyzed. For
reproducibility assessment (interobserver variation), the
second operator followed the same steps described for
the first operator for calculating thigh volumes with
the VOCAL and multiplanar techniques using the set
of 3D volumes that they had themselves obtained. The
measurements obtained by the first operator using their
first set of 3D volumes were compared with those obtained
by the second physician. The operators were blinded to
each other’s examinations (acquisition and storage of 3D
volumes) and measurements. The time spent by the second
operator for volume calculation using each method was
recorded.

Before starting the data-acquisition process for this
study, both operators underwent a training period and
each evaluated 50 datasets for fetal thigh volumetry. The
subjects examined for this purpose were not included
in the final analysis. This was a pilot study designed to
confirm the feasibility of the methods to be assessed and to
minimize possible biases caused by the unequal experience
of the observers.

Statistical analysis

The mean, SD and range were calculated for maternal
age, gestational age at the time of the scan, weight of the
neonate and the time from the scan to the birth.

Kolmogorov–Smirnov tests were used to assess the
distributions of measurements performed using the
multiplanar and VOCAL techniques, as well as the
distributions of the intermethod, interobserver and
intraobserver percentage differences. Paired-sample t-tests
were used to evaluate differences between the means of
sets of measurements and to compare the time spent
performing volumetry using the two methods.

Proportionate Bland–Altman analyses ((Measurement
1 – Measurement 2)/Measurement 1 × 100, plotted
against ordered means of Measurements 1 and 2) were
performed to determine the agreement between the two
methods (Measurement 1 = VOCAL; Measurement 2
= multiplanar), two observers (Measurement 1 = first
measurement of the first operator; Measurement 2 =
measurement of the second operator) and different
measurements made by the same operator. Bias was
defined as the mean percentage difference between two
measurements, and limits of agreement were defined as the
mean ± 1.96 SD of the percentage difference. CI values
for the limits of agreement were also calculated7,8.

To assess repeatability (intraobserver variation) and
reproducibility (defined in this study as interobserver
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variation), Bland–Altman analysis, as well as intraclass
correlation coefficients (ICCs) (one-way and two-way
random models, respectively, with measurement of abso-
lute agreement), were used. The ICC is a parameter of
reliability that relates the magnitude of the measurement
error in observed measurements to the inherent vari-
ability in the underlying level of the quantity between
subjects8–11. For both repeatability and reproducibility
analyses, good reliability was defined when the value of
the ICC was greater than 0.8010.

Construction of birth weight-predicting models and
assessment of accuracy

Using birth weight as the dependent variable, linear
stepwise regression analysis up to the third order was
performed to generate one equation for thigh volume cal-
culated using the VOCAL technique (ThiV) and another
using thigh volumetry calculated using the multiplanar
method (ThiM). No other predictor variable was tested
in the regression analysis. For both derived formulas,
Kolmogorov–Smirnov tests demonstrated normal distri-
butions of standardized residuals.

The accuracy of each formula was analyzed by
calculation of the signed error, signed percentage error,
absolute error and absolute percentage error. Paired-
sample t-tests were used to detect statistically significant
differences between the accuracies of these equations,
as well as significant differences between predicted and
actual birth weights. Bland–Altman analyses were also
performed to determine the agreement between weights
predicted by the two methods.

The data were analyzed using the statistical software
SPSS 16.0 (SPSS, Chicago, IL, USA) and Excel for
Windows 2007 (Microsoft Corp., Redmond, WA, USA).
A two-tailed P-value of less than 0.05 was considered
statistically significant.

RESULTS

Among the 182 women initially recruited for this study,
153 fulfilled the entry criteria. The reasons for the
exclusion of 29 patients were delivery more than 49 hours
after the scan was performed for acquisition of 3D
volumes and delivery in other hospitals.

Fetal thigh volumetry was not possible in three (2%)
patients as a result of poor image quality of the 3D
datasets. The final statistical analysis was therefore
performed on data obtained from 150 patients for
whom fetal thigh volumetry was successfully performed
using both methods. Among these patients, 40 (27%)
were evaluated by both operators for assessment of
repeatability and reproducibility of measurements, 63
(42%) were only evaluated by the first operator
and 47 (31%) were only examined by the second
operator. All 150 patients were used for evaluation of
the agreement between the VOCAL and multiplanar
techniques and for the construction of birth weight-
predicting models.

Mean maternal and gestational ages at the time of the
scan were 26.5 (SD, 6.3; range, 15–43) years and 38.4
(SD, 2.2; range, 29.7–41.7) weeks, respectively. Mean
birth weight was 3125 g (SD, 617; range, 1445–4500)
and the mean time from the scan to the birth was 18.0 h
(SD, 14.6; range, 0.7–48.6). The distribution of birth
weights is shown in Figure 3.

Kolmogorov–Smirnov tests showed normal distribu-
tions of measurements performed using the multiplanar
and VOCAL techniques, as well as normal distributions of
percentage differences between measurements performed
using different methods, by different observers and by a
single operator.

A Bland–Altman plot produced using the results
from the 150 patients revealed that the mean per-
centage difference between measurements performed
using the VOCAL and multiplanar techniques was
−0.04 and the 95% limits of agreement were −8.17
(95% CI, −8.46 to −7.89) and 8.09 (95% CI,
7.80–8.38) (Figure 4). A paired-sample t-test showed
no statistically significant difference between the means
of measurements performed using these two methods
(P = 0.885).

The intraobserver and interobserver mean percent-
age difference and 95% limits of agreement for pairs
of measurements obtained using the VOCAL technique
(Figure 5) and the multiplanar method (Figure 6) are
shown in Table 1. Paired-sample t-tests showed no
significant differences, and intraclass correlations were
good between measurements performed by the same
operator and by different observers with both methods
(Table 1).

There was a statistically significant difference between
time spent for volume calculation using the VOCAL
(mean, 159.1 s; SD, 62.4 s) and multiplanar (mean,
211.5 s; SD, 45.9 s) techniques (P < 0.001) in the 40
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Figure 3 Frequency histogram demonstrating distribution of actual
birth weights.
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Figure 4 Bland–Altman plot of percentage differences between
fetal thigh volumes measured using Virtual Organ Computer-aided
AnaLysis (VOCAL) and multiplanar techniques.

patients used to evaluate intraobserver and interobserver
variation.

The best-fit formulas for predicting birth weight
(BW) using fetal thigh volumetry by the VOCAL
and multiplanar techniques were, respectively: BW =
1025.383 + 12.775 × ThiV (SD of predicted values,
570.6299; r = 0.926; r2 = 0.857; P < 0.001); and BW
= 1033.286 + 12.733 × ThiM (SD of predicted values,
566.521; r = 0.919; r2 = 0.845; P < 0.001). There was
no significant difference between the accuracies of these
formulae in the prediction of birth weight (Table 2).
Bland–Altman analysis demonstrated that the mean
percentage difference between weights predicted using
these two models was −0.05% (SD, 2.72). The 95%
limits of agreement of percentage differences were
−5.38 (95% CI, −5.76 to −5.00) and 5.30 (95% CI,
4.89–5.66).

DISCUSSION

The data from this study demonstrate good agreement
between the VOCAL and conventional multiplanar
techniques for assessment of total fetal thigh volume,
as well as good repeatability and reproducibility
of measurements performed using both methods. In
addition, this study showed that there is no significant
difference in the accuracy of these methods for predicting
birth weight.

The main advantage of the multiplanar method for
fetal organ volumetry is that it allows measurements
in sequences of axial or longitudinal views, which are
commonly used during obstetric scanning. In order to
respect the whole contour of the structure, however, the
high number of planes needed for volume calculation may
result in a procedure that is exhaustively time-consuming.

The VOCAL technique allows volumetry by rotation
of an organ around a fixed axis. This procedure
requires the observer to grow accustomed to oblique
planes, which are not commonly seen during obstetric
ultrasound examinations. Although this can theoretically
jeopardize the accuracy of the method, it can be a faster
procedure, depending on the selected rotation angle. In
the present study, we used a 30◦ rotation step for fetal
thigh volumetry. Owing to the regular shape of the
thigh, we considered it unnecessary to test the other
rotation angles available in the VOCAL program. In
addition to comparing the agreement between the VOCAL
and multiplanar techniques, we sought to investigate
whether the rotational method using a larger angle would
permit a faster procedure and thus perhaps facilitate
the incorporation of fetal thigh volumetry into routine
clinical practice. In fact, we demonstrated that fetal thigh
volumetry using a 30◦ rotation angle is significantly faster
(P < 0.001) than volumetry by the multiplanar method
using a 3-mm gap between planes. Despite statistical
significance, however, we believe that a difference of less
than 1 min in time spent for thigh volume calculation
is not clinically relevant. Also notable is the difference
between our results and those of other authors. Chang
et al.1 reported that it took 10 to 15 min to perform
a complete assessment of thigh volume. Liang et al.2

reported that, in general, each measurement of upper-
arm volume took 10 min using the multiplanar technique.
In the present study, an average of 3.5 min was spent
on calculating thigh volume using this method. We have
no explanation for this divergence, but many sources of
variation (e.g. differences between characteristics of the
equipment, operators and structures that were measured)
are probably involved.

Another issue regarding 3D ultrasound volumetry that
merits discussion is the possible difficulty arising as a result
of the inadequate identification of the surface of the organ
to be assessed. Lee et al.5 described technical limitations
for volumetry of the entire thigh as a result of acoustic
shadowing that can obscure the soft tissue margins in its
extremities. To overcome this problem, the calculation
of fractional limb volume was proposed to eliminate the
extremities of the thigh from the volumetry process. In
addition, it was stated that the new technique was faster
than the conventional multiplanar method and allowed
measurements to be made in just a couple of minutes. In
the present study, we calculated the fetal thigh volume
from one end to the other of the femur diaphysis for
both the multiplanar and VOCAL techniques. We did
not have any difficulty identifying the surface of the thigh
close to the hip or knee as a result of acoustic shadowing,
as described by Lee et al.5. Moreover, we hypothesized
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Figure 5 Bland–Altman plots of percentage differences between fetal thigh volumes measured by the same (a) and by different (b) observers
using the Virtual Organ Computer-aided AnaLysis (VOCAL) technique. Obs., Observer.
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Figure 6 Bland–Altman plots of percentage differences between fetal thigh volumes measured by the same (a) and by different (b) observers
using the multiplanar technique. Obs., Observer.
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Table 1 Intraobserver and interobserver variability of fetal thigh volume measurements obtained using Virtual Organ Computer-aided
AnaLysis (VOCAL) and multiplanar ultrasound techniques, as assessed using intraclass correlation coefficients (ICC), mean percentage bias
and limits of agreement (LOA)

Ultrasound
technique ICC (95% CI) Mean bias (%) P*

Lower LOA
(% (95% CI))

Upper LOA
(% (95% CI))

VOCAL
Intraobserver 0.997 (0.994–0.998) −1.10 0.113 −7.67 (−8.59 to −6.75) 5.47 (4.55–6.38)
Interobserver 0.995 (0.990–0.997) 0.61 0.222 −7.68 (−8.84 to −6.52) 8.91 (7.75–10.07)

Multiplanar
Intraobserver 0.995 (0.990–0.997) 1.03 0.064 −6.35 (−7.38 to −5.31) 8.41 (7.38–9.44)
Interobserver 0.990 (0.981–0.995) −0.68 0.368 −11.42 (−12.92 to −9.92) 10.06 (8.55–11.56)

n = 40 for all paired comparisons. *Paired samples t-test.

Table 2 Accuracy of prediction of birth weight by equations obtained using fetal thigh volumes measured using Virtual Organ
Computer-aided AnaLysis (VOCAL) and multiplanar techniques

Parameter ThiV ThiM Paired-samples t-test

Error (g) 0.08 ± 233.21 0.04 ± 243.02 0.996
Percentage error (%) 0.69 ± 7.64 0.73 ± 7.99 0.853
Absolute error (g) 184.02 ± 142.46 194.92 ± 144.27 0.074
Absolute percentage error (%) 6.05 ± 4.70 6.40 ± 4.81 0.070
Predicted birth weight (g) 3124.75 ± 570.65 3124.72 ± 566.53 0.997*; 0.998†
Actual birth weight (g) 3124.67 ± 616.5

Values in second and third columns are mean ± SD. n = 150 for all measurements and paired comparisons. *Comparison of ThiV with
actual birth weight. †Comparison of ThiM with actual birth weight. ThiM, fetal thigh volume measured using the multiplanar technique;
ThiV, fetal thigh volume measured using the VOCAL technique.

that the extremities of the femur diaphysis would provide
easy landmarks to identify using both methods; this could
facilitate comparison between techniques.

As both the multiplanar and VOCAL techniques carry
advantages and disadvantages and are gradually being
accepted as useful tools in obstetric ultrasound, it would
be helpful if they could be used interchangeably for fetal
thigh volumetry. The present study demonstrated that
agreement between both methods for this purpose is good,
with a mean percentage difference between measurements
of −0.04 and 95% limits of agreement from −8.17% to
8.09%. To reinforce the idea that these methods can be
used interchangeably, birth weight-predicting formulas
were derived using thigh volumes obtained by both
methods as independent variables, and accuracies for
the prediction of birth weight were tested. The equations
showed a striking similarity, suggesting a lack of difference
in the accuracy of their birth weight predictions. We are
aware that our models need to be validated and that a
comparison of their performances with those of previously
published formulas would be interesting. However, these
are subjects discussed in another study12 as a continuation
of the results of the present study.

Two of the main subjects addressed in this paper
were the repeatability and reproducibility of fetal thigh
volumetry measurements made using the VOCAL and
traditional multiplanar techniques. To date, the conven-
tional multiplanar approach has been the only method
used for total fetal thigh volumetry in the prediction
of birth weight1–4. Although its role in improving the

accuracy of birth weight estimation has been proven,
intraobserver and interobserver variation of these mea-
surements have been poorly investigated. If fetal thigh
volumetry using the multiplanar and VOCAL techniques
is to be incorporated into routine clinical practice, it is
reasonable to test, in detail, the repeatability and repro-
ducibility of these measurements. So far, most authors
who have worked with the conventional multiplanar
technique have either evaluated intraobserver variation
alone or have used a small number of patients to ana-
lyze intraobserver and interobserver variability. None of
these studies used Bland–Altman tests in their analysis,
which are important statistical tools for the assessment
of agreement between measurements. Moreover, it is not
clear whether previous studies on fetal thigh volumetry
addressed the importance of the acquisition process of
the 3D volume as a source of variation in fetal thigh
volumetry.

Chang et al.1 tested intraobserver and interobserver
variations of fetal thigh volumetry using paired-sample
t-tests in a subset of 20 patients and found no statistically
significant differences between the means of the measure-
ments obtained. Schild et al.3 used paired-sample t-tests
and correlation coefficients to evaluate intraobserver
variations in upper arm, thigh and abdominal volume
calculations; no statistically significant differences were
found between measurements, and high correlations were
reported. To date, the only study to use Bland–Altman
analysis for the assessment of repeatability and repro-
ducibility of fetal thigh volume measurements was that
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of Lee et al.13, using 40 acquired datasets. They found
mean biases (95% limits of agreement) for intraobserver
and interobserver agreement of 2.0% (−6.3 to 10.3) and
−2.0% (−12.5 to 8.6), respectively. In the present study,
the mean percentage differences between measurements
performed by the same observer or by different observers
using both methods were close to zero, with 95% of the
percentage differences lying between −10% and 10%.
These values may be considered acceptable, and these
results are very similar to those reported by Lee et al.13.

In conclusion, this study reinforces previous findings
regarding the repeatability and reproducibility of fetal
thigh volumetry measurements made using the traditional
multiplanar method and confirms acceptable intraob-
server and interobserver variations of measurements
performed using the VOCAL technique. It also demon-
strates good agreement between these two methods, which
should allow them to be used interchangeably.
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