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For centuries, progression of labor has been evaluated by vaginal examination (VE),
describing dilation, effacement, consistency and position of the cervix and descent of the
fetal head. Interobserver variability of VE is large, and it is a traditional but unreliable
method.1–4 Furthermore, the vaginal examination can be experienced as intimidating and
uncomfortable by a woman in labor. In recent years, intrapartum ultrasound has become
increasingly popular. During labor, ultrasound can be performed by transabdominal, translabial and transperineal way. Measurements for dilation, effacement, position and descent
of the fetal head have been developed.2,3,5,6 Ultrasound during labor has been proven to be
able to predict labor outcomes in primiparous women with prolonged first stage of labor.7
Moreover, intrapartum ultrasound evaluation is superior to VE in terms of identifying the
correct fetal head position.4 The symphysis–head distance (SHD) and the angle of progression (AOP) have been the most studied measurements by transperineal ultrasound.7–10
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Introduction: Vaginal examination (VE) is known to be subjective in interpretation and is
considered uncomfortable by many women. Intrapartum ultrasound aims to be more objective
and less invasive. The purpose of this study was to evaluate the acceptability of introducing
intrapartum ultrasound to both midwives and parturients. Furthermore, we wanted to evaluate the reproducibility of different measurements when introduced de novo among operators
without prior ultrasound experience.
Subjects and methods: This study determined intra- and interobserver variability of intrapartum ultrasound in nulliparous women in labor. Ultrasound examinations were performed
independently by a midwife and a gynecologist. The symphysis–head distance (SHD) and the
angle of progression (AOP) were measured by translabial ultrasound. Structured questionnaires
were given to midwives and parturients. Intraclass correlation coefficient (ICC) and limits of
agreement (LA) were calculated to evaluate variability.
Results: A total of 33 patients were included; of whom, 28 filled in the questionnaire. A total
of 19 midwives working on a delivery ward were asked to respond to the questionnaire, and
13 returned the forms. Midwives clearly continued to prefer VE over ultrasound, the majority
evaluated translabial ultrasound as easy to use, but some declared to be unable to use it. The
majority of patients, 71%, preferred ultrasound over VE. Reproducibility of intrapartum translabial ultrasound was good; ICC for interobserver variability was 0.603 (p=0.001) for SHD,
and ICC for intraobserver variability was 0.844 (p0.001) and 0.914 (p0.001) for SHD and
AOP, respectively.
Conclusion: Patients prefer ultrasound over VE; midwives tend to stick to trusted VE. Reproducibility of intrapartum ultrasound in non-experienced operators is good.
Keywords: intrapartum, ultrasound, labor
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was to examine the acceptability of parturients and the
viewpoint of the midwife when introducing intrapartum
ultrasound. Furthermore, we evaluated the intra- and
interobserver variability of intrapartum sonographic measurements performed by midwives without ultrasound
experience.

Subjects and methods

Figure 1 SHD is measured by drawing a line through the symphysis (A) and from
the end of the symphysis a second line perpendicular to the fetal skull (B); the last
line is the SHD.
Abbreviation: SHD, symphysis–head distance.

The SHD is the distance between the under border of
the symphysis to the fetal skull measured perpendicular
to the axis of the symphysis (Figure 1). This distance has
been shown to be predictive for the outcome of labor,8 its
measurement has been described as reproducible and a negative correlation exists with the AOP.6 The AOP is the angle
between the axis of the symphysis and the line drawn from
the under border of the symphysis tangential to the fetal skull
(Figure 2). This angle is considered a reproducible indicator
to evaluate fetal descent during labor.9,11
Studies that have compared ultrasound and VE have
repeatedly demonstrated ultrasound to be more accurate; patients experience ultrasound as less invasive and
less painful.1,2,4
In some countries, ultrasound during pregnancy and
labor is performed by midwives; in Belgium, ultrasound
is not part of midwife competencies. The aim of this study

Figure 2 AOP is measured by drawing a line through the axis of the symphysis to
the lowest point of the symphysis (A); next, from this point, a line is drawn at the
anterior border of the skull (C); the angle between these two lines is measured (B)
and it is the AOP.
Abbreviation: AOP, angle of progression.
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Women and midwives were recruited from an academic
(Antwerp University Hospital, Universitair Ziekenhuis
Antwerpen) and a nonacademic (Klinieken Noord Antwerpen
Hospital) maternity department. The study was approved by
the ethics committee of both institutions. Written informed
consent was obtained from women during labor and from
midwives performing the ultrasound.
End points are inter- and intra-observer variability and
acceptability by parturients and midwives. A convenience
sample was used. Women included were nulliparous in
spontaneous labor, with a singleton term pregnancy and
cephalic presentation.
Ultrasound was performed with the machine as available on the delivery ward, Voluson P6, with convex 4C-RS
transducer (GE Medical Systems, Zipf, Austria) in UZA
and Aloka Prosound Alpha 6 and with convex UST-9115-5
transducer (Hitachi Ltd., Tokyo, Japan) in KLINA.
Measurements were standardized and performed by
translabial way. All midwives who took part in the study
received a 1-hour training consisting of a slideshow presentation and one supervised measurement. Engagement
of the head differed between parturients between Hodge 2
and 3. Urinary bladder was emptied before measurement.
Ultrasound gel was placed on the transducer that was then
covered by a glove; gel was put on the glove. The patient
was put in a semi-recumbent position with legs flexed. The
transducer was placed in a midsagittal plane, and the fetal
skull and maternal symphysis were visualized.
To evaluate the interobserver variability, two operators
performed measurements independently, and they had no
access to the measurement of the other. To estimate the
intraobserver variability, one operator performed three
repetitive measurements.
Symphysis–head distance (SHD) was performed as
described by Youssef et al8 The distance from the under
border of the symphysis to the fetal skull was measured
perpendicular to the length axis of the symphysis (Figure 1).
The AOP was defined as the angle between the length axis
of the symphysis and a line from the inferior border of the
symphysis tangential to the fetal skull (Figure 2).
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Acceptability of ultrasound examination for women in
labor was tested by presenting statements to the patients, at
least 2 hours after delivery. For each statement, the possible
answers were as follows: strongly agree, agree, neutral,
disagree and strongly disagree, resulting in a 5-point Likert
score. For each ultrasound, a written informed consent was
signed. Patients who entered neutral for VE did not remember
if an explicit informed consent was asked, but they did not
feel forced to undergo the examination in any way.
Statements were subdivided into categories, concerning
VE (12 statements, eg, I experienced the vaginal examination as being painful), translabial ultrasound (14 statements,
eg, I experienced this ultrasound as painful) and the conditions under which the examination was performed (five
statements, eg, during ultrasound examination, I prefer my
partner to be in the same room). The questionnaire was based
on similar studies on vaginal ultrasound.12,13 In addition, a
Visual Analog Score for pain during the examination was
performed. Pain scores were evaluated at rest (between uterine contractions) and were compared with the pain scores of
previous VE (with or without epidural anesthesia).
A similar questionnaire was developed for the midwives
including 18 statements on ultrasound technique (eg, the technique was easy to learn for me) and 11 statements concerning
vaginal examination versus translabial ultrasound (eg, vaginal examination provides more clear results than ultrasound).
The questionnaire was based on a similar example.14
SPSS 24.0 (IBM Corporation, Armonk, NY, USA) was
used for statistical analysis. Interobserver and intraobserver
variability was examined using intraclass correlation coefficient (ICC; two-way mixed absolute agreement single measures). ICC0.70 is considered good correlation; ICC0.3 is
reported as low correlation and ICC between 0.5 and 0.7 are
scored as moderate correlation.15 To visualize results, Bland–
Altman plots and limits of agreement (LA) have been used.
To analyze acceptability, the 5-point Likert scale was
coded in three groups: agree, neutral, not agree. Fisher’s
exact test was performed with p0.05 accepted as significant.
Wilcoxon signed-rank test was used for the comparison of
Visual Analog Score results between groups.

Intrapartum ultrasound: viewpoint

Table 1 Characteristics of study population
Women in labor (n=33)
Hospital
KLINA, n (%)
UZA, n (%)
Age, median (IQR)
BMI, mean (SD)
Gestational age (mean weeks; SD)
Dilation by vaginal palpation at the moment of US
Median (cm, minimum, maximum)
Epidural anesthesia at the moment of US
Yes, n (%)
No, n (%)
Midwives trained (n=13)
Hospital
KLINA, n (%)
UZA, n (%)
Years of experience as midwife, median (IQR)
Actually performed intrapartum US
Yes, n (%)
No, n (%)

30 (90.9)
3 (9.1)
27 (24–29)
24.6 (5.5)
39.3 (1.0)
5 (3–7)
19 (57.6)
14 (42.4)

10 (76.9)
3 (23.1)
10 (6.5–27)
11 (84.6)
2 (15.4)

Abbreviations: BMI, body mass index; IQR, interquartile range; US, ultrasound;
UZA, Universitair Ziekenhuis Antwerpen; KLINA, Klinieken Noord Antwerpen.

measure AOP in every patient, and SHD was not measured
in four patients because the fetal head did not yet reach to
the under border of the symphysis.
Questionnaires were given to 33 women in labor, the
questionnaires were always given after the ultrasound examinations and 28 women returned the questionnaire. All 19
midwives who received the training also received the questionnaire for midwives, and 13 returned the questionnaire.
Table 2 presents the ICCs for interobserver variability,
and Figures 3 and 4 illustrate Bland–Altman plots for interobserver variability. Table 3 presents ICCs for intraobserver
variability.
A total of 20 of the 28 patients (71.4%) preferred intrapartum ultrasound over VE; the other eight patients (28.6%)
had no preference. Table 4 presents the results of the different
statements concerning women in labor.
Table 5 presents the answers to the statements that were
given to the midwives who have been performing ultrasound for this study. The majority of midwives considered
ultrasound as easy to use (63.7%) with an advantage for
the patient. As to be expected, midwives who have been in

Results
A total of 19 midwives received the training for intrapartum
ultrasound, of these 11 midwives actually performed the
examinations and filled in the questionnaire. Table 1 presents
characteristics of this population. From the 33 included
women, three were excluded because ultrasound imaging was
not performed according to the protocol. It was possible to
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Table 2 ICC for interobserver variability
Measurement

n

ICC

95% CI

p-value

SHD
AOP

26
30

0.603
0.755

0.285–0.801
0.549–0.875

0.001
0.001

Abbreviations: AOP, angle of progression; SHD, symphysis–head distance; ICC,
intraclass correlation coefficient.
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Measurement

n

ICC

95% CI

p-value

SHD
AOP

28
30

0.844
0.914

0.732–0.919
0.849–0.955

0.001
0.001
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Figure 3 Bland–Altman plot for interobserver variability between two observers
for SHD.
Note: Red line represents mean; green lines represent ±1.96 SD.
Abbreviation: SHD, symphysis–head distance.

practice for several years felt more at ease with VE as compared with intrapartum ultrasound after minimal training.

Discussion
Concerning interobserver variability after minimal training
in intrapartum ultrasound as in this study, moderate agreement between measurements was reached for SHD. For
AOP, a good agreement between different observers could
be reached. The results that have been published in previous
studies were conflicting and mainly obtained with observers who had previous ultrasound experience. The study by
Duckelmann et al9 presented an ICC of 0.72, comparable to
our results. In the same study, it was examined whether a
difference in previous ultrasound experience influenced variability. Observers with more experience demonstrated larger
ICC and a smaller confidence interval, and this was confirmed
in other studies.16 In addition, the presence of uterine contractions can influence differences in the ICC.8,17
Intraobserver variability in our study is good for both
SHD and AOP, and the results are comparable to those from
other studies.16

6' 
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Figure 4 Bland–Altman plot for interobserver variability for AOP.
Note: Red line represents mean; green lines represent ±1.96 SD.
Abbreviation: AOP, angle of progression.
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Table 3 ICC for intraobserver variability

Abbreviations: AOP, angle of progression; SHD, symphysis–head distance; ICC,
intraclass correlation coefficient.
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When preparing this study, it became clear that midwives in the Belgian context of not receiving any formal
ultrasound training during training are not very motivated to
introduce intrapartum ultrasound in their practice. Although
the majority of midwives declare not to be able to perform
intrapartum ultrasound autonomously and correctly (72.7%);
at the same moment, they considered the technique easy to
use and perform. Almost all midwives have experienced
learning intrapartum ultrasound as an agreeable expansion
of their activities. Midwives do find ultrasound an advantage
for the patients but not for themselves. This discrepancy and
the lack of personal advantage can hinder the introduction
of intrapartum ultrasound in clinical practice.
Women in labor seem to prefer the noninvasive translabial intrapartum ultrasound over VE; the difference in pain
between both types of examination is remarkable resulting
in a significantly different visual analog pain score. To the
best of our knowledge, this is the first study that compares
women’s experiences of digital VE with translabial ultrasound; all previous studies have compared VE with transvaginal ultrasound.12
A major bias of this study is that the technique that
midwives have been using for several years in daily work,
and feel very much at ease with, is compared with something
they have learned very recently and in a very short time.
To introduce intrapartum ultrasound in daily midwifery
practice, one needs more than a short training. Eventual
advantages for women in labor have to be put against getting
used to new technical skills.

Conclusion
This small study demonstrates acceptable intra- and interobserver variability for both SHD and AOP. Women in labor
seem to prefer translabial ultrasound over VE; more: intensive training of midwives will allow for eventual introduction
of intrapartum ultrasound in clinical practice. Intrapartum
ultrasound for the evaluation of labor progress could be a
supplementary tool for active management and may reduce
the use of unnecessary VE during labor and improves obstetric and neonatal outcomes. This study can be considered as
a preliminary study; a larger prospective study is needed to
verify our results.
International Journal of Women’s Health 2018:10
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Table 4 Answers by women in labor on statements concerning VE and translabial ultrasound
Statement n=28

Opinion

VE, n (%)

Translabial
ultrasound, n (%)

p-value

I experienced this as painful

Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Agree
Neutral
Not agree
Median
IQR

19 (67.9)
1 (3.6)
8 (28.6)
26 (92.9)
2 (7.1)
0
24 (85.7)
4 (14.3)
0
28 (100)

28 (100)

0.004

28 (100)

0.001

28 (100)

0.00

28 (100)

1.000

27 (96.4)
1 (3.6)
0
2 (7.1)
6 (21.4)
20 (71.4)
11 (39.3)
7 (25)
10 (35.7)
1 (3.6)
3 (10.7)
23 (82.1)
12 (42.9)
7 (25)
9 (32.1)
1 (3.6)
2 (7.1)
25 (89.3)
4 (14.3)
5 (17.9)
19 (67.9)
4
2–6

28 (100)

0.001

0
2 (7.1)
26 (92.9)
25 (89.3)
1 (3.6)
2 (7.1)
1 (3.6)
0
27 (96.4)
1 (3.6)
0
27 (96.4)
0
1 (3.6)
27 (96.4)
28 (100)

0.180

0
0–0

0.001

Statement n=11

Agree, n (%)

Neutral, n (%)

Not agree, n (%)

Ultrasound technique was easy to learn
Ultrasound was easy to use
As a user, I feel intrapartum ultrasound has advantages for me as compared with manual VE
I think intrapartum ultrasound has advantages for the woman in labor
It is easy to recognize the anatomical landmarks
Introducing ultrasound in practice was easy
I feel able to do this ultrasound autonomously and correctly
I need more training to perform this ultrasound correctly
I want to continue using ultrasound in labor
I enjoyed learning a new technique
Classic VE still feels easier to perform than ultrasound
VE fits better in our workflow
For me as a midwife, vagina palpation has more advantages than ultrasound
By performing VE, I am able to provide more information to the patient
(N=10, one blank answer)
I feel more comfortable when performing VE than doing intrapartum ultrasound
I find it easier to find anatomical landmarks with VE
I feel able to “perform VE” autonomously and correctly

6 (54.5)
8 (72.7)
1 (9.1)
7 (63.6)
6 (54.5)
8 (72.7)
0
8 (72.7)
6 (54.5)
10 (90.9)
10 (90.9)
10 (90.9)
10 (90.9)
8 (80)

3 (27.3)
2 (18.2)
3 (27.3)
0
1 (9.1)
0
3 (27.3)
3 (27.3)
3 (27.3)
1 (9.1)
0
1 (9.1)
1 (9.1)
2 (20)

2 (18.2)
1 (9.1)
7 (63.6)
4 (36.4)
4 (36.4)
3 (27.3)
8 (72.7)
0
2 (18.2)
0
1 (9.1)
0
0
0

11 (100)
8 (72.7)
11 (100)

0
0
0

0
3 (27.3)
0
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I was well informed about what was going to happen

My consent was asked

The test was performed with respect for me

I felt my privacy was respected during the test

This kind of examination makes me feel ashamed

The test is “not” stressful

This test gives me a feeling of anxiety

The test was “less” comfortable than I expected

The information that is given to me after the test makes me feel anxious

I experienced this test as rude

Visual Analog Score for pain

0.787

0.984

0.501

0.107

0.001

Abbreviations: IQR, interquartile range; VE, vaginal examination.

Table 5 Answers to statements on VE and translabial ultrasound by midwives

Abbreviation: VE, vaginal examination.
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