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Abstract
Introduction: We conducted a randomized study to deter-
mine whether a training session on a dedicated simulator 
(IUSim™) would facilitate the midwives in learning the tech-
nique of transperineal intrapartum ultrasound. Methods: 
Following a 30-min multimedia presentation including im-
ages and videos on how to obtain and measure the angle of 
progression (AoP) and the head-perineum distance (HPD), 6 
midwives with no prior experience in intrapartum ultra-
sound were randomly split into 2 groups: 3 of them were as-
signed to the “training group” and 3 to the “control group.” 
The midwives belonging to the former group were taught to 
measure the 2 sonographic parameters during a 3-h practi-
cal session conducted on IUSim™ under the supervision of 
an expert obstetrician. In the following 3 months, all the 6 
midwives were asked to independently perform transperi-
neal ultrasound during their clinical practice and to measure 
on the acquired images either the AoP or the HPD. The so-
nographic images were examined in blind by the teaching 

obstetrician who assigned a 0–3 score to the image quality 
(IQS) and to the measurement quality (MQS). Results: A total 
of 48 ultrasound images (24 patients) from 5 midwives were 
acquired and included in the study analysis. A midwife of the 
“training group” declined participation after the practical 
session. Independently from the randomization group, the 
image quality score (IQS + MQS) was significantly higher for 
the HPD compared with the AoP (2.5 ± 0.66 vs. 1.79 ± 1.14;  
p = 0.01). In the training group, the MQS of either AoP (2.66 
± 0.5 vs.1.46 ± 1.45. p = 0.038) and the HPD (2.9 ± 0.33 vs. 1.87 
± 0.83 p = 0.002) was significantly higher in comparison with 
the control group, while the IQS of both measurements was 
comparable between the 2 groups (1.91 ± 1.24 vs. 2.25 ± 
0.865; p = 0.28). Conclusion: The use of a dedicated simulator 
may facilitate the midwives in learning how to measure the 
AoP and the HPD on transperineal ultrasound images.

© 2020 S. Karger AG, Basel

Introduction

In recent years, the use of ultrasound has been sug-
gested as an additional tool for the obstetrician in the 
management of labor [1–3]. In particular, intrapartum 
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ultrasound has been consistently demonstrated to be 
more accurate and reproducible than clinical examina-
tion in the diagnosis of fetal head station [4–10]. More-
over, transperineal ultrasound has been described by the 
laboring women as more acceptable and less intrusive 
than digital exploration [11, 12]. Among the different ul-
trasound parameters proposed, both the AoP and the 
HPD have gained much popularity and have been in-
creasingly used by the clinician in the management of ab-
normal labor course [13–16]. The ISUOG Guidelines 
have recommended their routine measurement in the 
prolonged second stage of labor or before considering or 
performing an operative delivery [1].

Although the midwives play a crucial role in the intra-
partum care, to date, ultrasound facilities have been 
mostly employed by the doctors who are claimed to take 
over when the labor course becomes abnormal and a clin-
ical decision must be taken [17–19]. However, due to its 
objectivity and to the high tolerability, the use of intrapar-
tum ultrasound has been recently proposed also in the 
management of physiological labor, and it is likely to ex-
tend also to low-risk cases that are routinely managed by 
the midwives. There is scarcity of data on the use of intra-
partum ultrasound by the midwives, and it would seem 

appropriate to encourage a specific training in order to 
improve their technical skills in transperineal scanning. 
A dedicated mannequin for intrapartum ultrasound sim-
ulation has been recently made available for such aim 
[20]. Simulation-based training provides the opportunity 
to acquire confidence and knowledge and to have an im-
mediate feedback without leading discomfort to patients 
[21]. The aim of this study was to assess whether a train-
ing session on a dedicated simulator for intrapartum ul-
trasound would facilitate the midwives in learning the 
technique of transperineal intrapartum ultrasound.

Material and Methods

This was a randomized study conducted in between June and 
October 2019 at the University Hospital of Parma, Italy. The study 
subjects were 6 midwives with no prior experience or exposure in 
intrapartum ultrasound who attended a 60-min multimedia pre-
sentation based on images and videos on how to measure trans-
perineally the angle of progression (AoP) and the head-perineum 
distance (HPD) on longitudinal and axial planes, respectively. The 
participants were then randomly split into 2 groups, 3 of them were 
assigned to the “training group” and the other 3 to the “control 
group.” The midwives belonging to the former group were taught 
how to measure the 2 sonographic parameters during a 3-h practi-

Fig. 1. The use of IUSimTM for the transperineal sonographic assessment of the fetal head station: the measure-
ment of the HPD on the axial plane. HPD, head-perineum distance.
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cal session conducted on IUSimTM (Intrapartum Ultrasound Simu-
lator; Accurate – Health and Learning, Cesena, Italy), a dedicated 
device developed for transperineal ultrasound simulation, under 
the supervision of an expert obstetrician. This simulator is com-
posed by a PC-based system displaying realistic ultrasound images 
and clips from a library of different clinical cases from which the 
fetal head position, station, and attitude can be assessed by placing 
a convex probe on radiofrequency sensors that are located in spe-
cific anatomic landmarks of the mannequin as shown in Figures 1 
and 2.

In the following 3 months, all the 6 midwives were asked to in-
dependently perform transperineal ultrasound during their clini-
cal practice and to measure on the acquired images either the AoP 
or the HPD. Each ultrasound examination was conducted by the 
midwife in the absence of the referring physician during the sec-
ond stage on a nonconsecutive series of low-risk women with nor-
mal labor course and ruptured membranes who agreed to be sub-
mitted to transperineal ultrasound without a clinical indication.

The sonographic examination was performed as previously de-
scribed using a portable machine equipped with multifrequency 
probe and for each patient both the measurement of the AoP and 
the HPD were obtained, stored in the hard disk as anonymized im-
ages and exported on a USB device. All the sonographic images 
were collected by a study collaborator (EDP) and provided to the 
teaching obstetrician who examined them in blind assigning a 0–3 
score to the IQS and to the MQS. The IQS and the MQS were based 
on the following parameters.

AoP-IQS
• View of the internal nucleus of the symphysis joint (1 point)
• Symphysis joint in horizontal position (1 point)
• Full skull with both anterior and posterior tabula visible (1 

point)

AoP-MQS
• Correct position of the caliper on symphysis (2 point)
• Correct position on the external contour of the fetal skull (1 

point)

HPD IQS
• Visualization of the entire fetal skull (1 point)
• Symmetric position of the fetal brain midline (1 point)
• Visualization of the choroid plexus (1 point)

HPD-MQS
• Correct position of the caliper on the fetal skull (2 points)
• Correct position of the caliper on the perineum (1 point)

Maternal and labor characteristics and mean IQS and MQS 
were compared between the 2 groups. The primary outcome of this 
study was to compare the AoP and HPD IQS and MQS between 
the midwives exposed to the practical training and the controls. 
This study was approved by the Ethics Committee of the Univer-
sity Hospital of Parma (registration number 0037091).

Fig. 2. The use of IUSimTM for the transperineal sonographic assessment of the fetal head station: the measure-
ment of the AoP on the sagittal plane. AoP, angle of progression.
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Statistical Analysis
Statistical analysis was performed using Statistical Package for 

Social Sciences (SPSS) v. 22 (IBM Inc., Armonk, NY, USA). The 
Kolmogorov-Smirnov test was used to assess the normality of the 
distribution of the data. Data were displayed as mean ± SD or as 
number (percentage). Categorical variables were compared using 
the χ2 or Fisher’s exact test. Between-group comparison of con-
tinuous variables was performed using the t test and the Mann-
Whitney nonparametric equivalent test. Two-sided p values were 
calculated, and p values <0.05 were considered as statistically sig-
nificant.

Results

Over a period of 3 months, a total of 48 ultrasound im-
ages (24 patients) from 5 midwives were acquired and 
included in the study analysis (Fig. 3). One of the mid-
wives belonging to the training group withdrew from the 
study before starting the acquisition of the ultrasound im-
ages due to health issues.

The baseline maternal and labor characteristics of the 
women who have been submitted to transperineal intra-
partum ultrasound by the midwives assigned to the 
“training group” and by those assigned to the “control 
group” were comparable and are shown in Table 1. The 
primary outcome was evaluated for 100% of the ultra-
sound images and is illustrated in Table 2.

Independently from the randomization group, the 
overall quality score (IQS + MQS) was significantly high-
er for the HPD compared with the AoP (2.5 ± 0.66 vs. 1.79 

± 1.14; p = 0.01). In the training group, the MQS of either 
AoP (2.66 ± 0.5 vs.1.46 ± 1.45. p = 0.038) and the HPD 
(2.9 ± 0.33 vs. 1.87 ± 0.83 p = 0.002) was significantly 
higher in comparison with the control group, while the 
IQS of both measurements was comparable between the 
2 groups (1.91 ± 1.24 vs. 2.25 ± 0.865; p = 0.28).

Discussion

Main Findings
Our data demonstrated that the use of a dedicated 

simulator may facilitate the midwives in learning how to 
measure the AoP and the HPD on transperineal ultra-
sound images. Conversely, the quality of the ultrasound 
images obtained at transperineal scanning does not seem 
to be positively influenced by the prior use of the IU-
SimTM device. Finally, we have shown that independent-
ly from the practical training, it is easier to learn how to 
obtain and how to calculate the HPD rather than the 
AoP.

Interpretation
The present study provides an insight into the poten-

tial usefulness of a dedicated intrapartum ultrasound 
simulator in teaching the beginners on how to perform 
transperineal ultrasound. Our observations seem to sug-
gest that a practical training session with these devices 
may help the caregivers with no prior experience in in-

Midwives declined
participation

(n = 1) 

Simulator training
(n = 2)

AoP images (n = 9)
HPD images (n = 9) 

AoP images (n = 15)
HPD images (n = 15) 

No simulator training
(n = 3) 

Midwives assessed for
eligibility
(n = 6) 

Frontal teaching lesson
(n = 6)

Fig. 3. Flowchart of the included cases. 
AoP, angle of progression; HPD, head-
perineum distance.
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trapartum ultrasound in becoming familiar with this 
novel imaging technique. We have decided to assess the 
efficacy of this training among our midwives who are 
generally not confident in intrapartum ultrasound since 
this investigation is commonly performed when labor 
course is abnormal by the attending physician. However, 
we may expect that a similar approach may be adopted 
with favorable results among the junior residents of ob-
stetrics who are starting their training in the labor ward 
management.

Not surprisingly, our data showed that the accuracy 
and the precision in measuring both the AoP and the 
HPD was increased following the practical part of the 
course while the quality of the ultrasound images ob-
tained at transperineal scanning was not better among the 
midwives who were exposed to the practical training on 
the simulator. This may be due to the fact that the IUSim-
TM simulator used for this study is composed by a PC sys-

tem displaying previously acquired transperineal ultra-
sound video clips from a library of different clinical cases 
from which the fetal head station can be measured [20]. 
Therefore, while extremely useful for the visual interpre-
tation of the ultrasound findings and for the practical cal-
culation of the AoP and the HPD, this type of simulator 
does not teach how to acquire the sonographic images on 
the correct plane. Finally, our observation that overall 
MQS and IQS are higher for the HPD than for the AoP 
independently from the type of training seems to confirm 
that a higher expertise is required to acquire the AoP on 
the midsagittal plane compared with the HPD on the ax-
ial plane and to measure an angle rather than a straight 
distance [22].

Previous Studies
Several studies have previously investigated the advan-

tages of a simulation-based training in order to acquire 

Table 1. Demographic and labor characteristics of the women submitted to transperineal intrapartum ultrasound 
by the midwives assigned to the “control group” and those assigned to the “training group”

Women (n = 15) 
examined by the 
control group

Women (n = 9) 
examined by the 
training group

p value

Maternal age, years 28.8±6.6 30.3±5.8 0.57
Pre-pregnant BMI, kg/m2 22.3±3.4 24.2±2.8 0.20
Weight gain, kg 13.3±3.8 12.8±2.8 0.77
Nulliparous 8 (53.3) 7 (77.8) 0.23
Gestational age at delivery, weeks 39.2±1.3 40.0±0.9 0.13
Length of first stage, min 214.2±162.0 186.7±156.0 0.70
Length of second stage, min 32.1±43.5 20.0±33.5 0.50
Neonatal weight, g 3,377.9±413.5 3,387.0±493.6 0.96

Data are expressed as (mean ± SD) or n (%).

Table 2. Primary outcome

Control group 
(n = 15)

Training group 
(n = 9)

Mean 
difference

p value

AoP-IQS 1.60±1.30 2.11±0.78 −2.47 ×10−5 0.44
AoP-MQS 1.46±1.45 2.66±0.5 −1.00 0.038
HPD-IQS 2.33±0.72 2.77±0.44 −1.71 ×10−5 0.12
HPD-MQS 1.87±0.83 2.9±0.33 −1.00 0.002

Data are expressed as (mean ± SD). AoP, angle of progression; HPD, head-perineum distance; IQS, image 
quality score; MQS, measurement quality score.
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competent ultrasound skills especially in performing 
transabdominal ultrasound [23–25]. A meta-analysis of 4 
studies by Osborne et al. [26] showed positive results with 
high-fidelity simulators in obstetric ultrasound training 
considering as outcome the accurate acquisition of fetal 
biometry and the ability of the participants to detect fetal 
anomalies. In the studies included in this meta-analysis, 
the participants were medical students or medical doc-
tors.

Gueneuc et al. [27] first tested the use of an ultra-
sound simulator on midwifery students by means of an 
objective and structured assessment score of ultra-
sound skills (OSAUS) to compare ultrasound skills be-
tween the groups that had been exposed to the training 
on the simulator, respectively, before or after the clini-
cal training on real patients. They demonstrated that 
ultrasound simulation-based training, as an adjunct to 
ultrasound clinical training, significantly improves ob-
stetrical ultrasound skills and that the best time to train 
on simulators seems to be prior to clinical training on 
real patients. Similarly, in a randomized study, Rosen 
et al. [28] demonstrated that the obstetric ultrasound 
simulator is an effective training tool and may hold ex-
tra benefits over real patient training particularly for 
those trainees with a minimal prior exposure to ultra-
sounds.

Fewer studies on simulation training have been con-
ducted on intrapartum ultrasound. Youssef et al. [29] 
demonstrated that a theoretical and practical course 
seems to improve the participants’ accuracy and preci-
sion in assessing the fetal head descendant by transperi-
neal ultrasound. Dückelmann et al. [30] in a study in-
volving midwives with no prior experience in intrapar-
tum ultrasound demonstrated that after a 15-min 
theoretical course, the measurement of the AoP on trans-
perineal ultrasound imaging is reliable regardless of the 
fetal head station or the level of ultrasound experience. 
However, differently from our study, they did not evalu-
ate the effects of a practical training on the measure-
ment’s quality. Furthermore, our study is the first which 
has been conducted with the use of a dedicated simulator 
for transperineal ultrasound. The potential usefulness of 
this ultrasound-friendly mannequin in the simulated 
management of intrapartum complications has been re-
cently highlighted [20]. The use of a simulator obviates 
the need of patient participation and avoids bedside live 
training which may either create discomfort to the wom-
an in active labor or embarrass the practitioner with a low 
confidence in transperineal ultrasound examination [24, 
25].

Clinical Implications
All midwives should be expected to gain confidence 

and competence in intrapartum ultrasound in the labor 
ward as the use of this method has been shown to support 
clinical skills not only in the management of abnormal 
cases but also in confirming the normal labor progres-
sion, thanks to a more objective and accurate diagnosis of 
the fetal head station and position. Moreover, transperi-
neal ultrasound has been reported by the laboring women 
as less uncomfortable than serial digital exploration [11, 
12], and in some settings such as prolonged rupture of 
membranes, repeated transperineal scans seem to pose a 
smaller risk of infection compared with frequent vaginal 
examinations [31, 32]. Furthermore, recent studies have 
demonstrated that the use of transperineal ultrasound 
during the active second stage of labor may improve the 
effectiveness of maternal pushing efforts. In 2 indepen-
dent studies, including a RCT, it has been actually shown 
that the visualization of the fetal head descent on the ul-
trasound screen may shorten the active phase of the sec-
ond stage of labor and increase the pushing efficacy as 
witnessed by a greater change in the AoP [33, 34]. For this 
latter approach, the use of intrapartum ultrasound may 
be conveniently left to the hands of the midwife who is 
expected to coach maternal pushing during the active sec-
ond stage.

Strengths and Limitations
Among the main strengths of this study are its ran-

domized design and the original use of a dedicated simu-
lator for transperineal ultrasound for midwives with no 
prior knowledge of ultrasound in labor. Furthermore, the 
blind assessment of the ultrasound images by the expert 
and the objective scoring system implemented for such 
evaluation may be considered as additional strengths of 
our work. The small size of the study group and more im-
portantly the reduced number of ultrasound images pro-
duced by the participants are to be acknowledged as ma-
jor weaknesses of our study.

Conclusion

Despite these limitations, our study has demonstrated 
that the use of a dedicated simulator for intrapartum ul-
trasound may facilitate the midwives in learning how to 
measure the AoP and the HPD on transperineal ultra-
sound images.



di Pasquo et al.Fetal Diagn Ther 2021;48:120–127126
DOI: 10.1159/000512047

Statement of Ethics

This study complies with the guidelines for human studies and 
has been conducted ethically in accordance with the World Medi-
cal Association Declaration of Helsinki. Subjects gave their written 
informed consent, and the study protocol has been approved by 
the Ethics Committee of the University Hospital of Parma (regis-
tration number 0037091).

Conflict of Interest Statement

The authors have no conflicts of interest to disclose.

Funding Sources

The authors did not receive any funding.

Author Contribution

Di Pasquo E., Ghi T., Kiener A.J.O., and Gobbi L.: substantial 
contributions to the conception or design of the work, the acquisi-
tion, analysis, or interpretation of data for the work. Di Pasquo E., 
Ghi T., Ramirez Zegarra R., and Dall’Asta A.: drafting the work or 
revising it critically for important intellectual content. Fieschi L., 
Cugini L., Copelli M., and Frusca T.: final approval of the version 
to be published. Frusca T. and Ghi T.: agreement to be accountable 
for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately in-
vestigated and resolved.

References

 1 Ghi T, Eggebø T, Lees C, Kalache K, Rozen-
berg P, Youssef A, et al. ISUOG practice 
guidelines:  intrapartum ultrasound. Ultra-
sound Obstet Gynecol. 2018; 52(1): 128–39.

 2 Tutschek B, Braun T, Chantraine F, Henrich 
W. A study of progress of labour using intra-
partum translabial ultrasound, assessing head 
station, direction, and angle of descent. BJOG. 
2011; 118(1): 62–9.

 3 Eggebø TM, Wilhelm-Benartzi C, Hassan 
WA, Usman S, Salvesen KA, Lees CC. A mod-
el to predict vaginal delivery in nulliparous 
women based on maternal characteristics and 
intrapartum ultrasound. Am J Obstet Gyne-
col. 2015; 213(3): 362–6.

 4 Hassan WA, Eggebø T, Ferguson M, Gillett A, 
Studd J, Pasupathy D, et al. The sonoparto-
gram:  a novel method for recording progress 
of labor by ultrasound. Ultrasound Obstet 
Gynecol. 2014; 43(2): 189–94.

 5 Barbera AF, Pombar X, Perugino G, Lezotte 
DC, Hobbins JC. A new method to assess fetal 
head descent in labor with transperineal ul-
trasound. Ultrasound Obstet Gynecol. 2009; 

33(3): 313–9.
 6 Iversen JK, Eggebø TM. Increased diagnostic 

accuracy of fetal head station by use of trans-
abdominal ultrasound. Acta Obstet Gynecol 
Scand. 2019; 98(6): 805–6.

 7 Sherer DM, Abulafia O. Intrapartum assess-
ment of fetal head engagement:  comparison 
between transvaginal digital and transab-
dominal ultrasound determinations. Ultra-
sound Obstet Gynecol. 2003; 21(5): 430–6.

 8 Dietz HP, Lanzarone V. Measuring engage-
ment of the fetal head:  validity and reproduc-
ibility of a new ultrasound technique. Ultra-
sound Obstet Gynecol. 2005; 25(2): 165–8.

 9 Ghi T, Farina A, Pedrazzi A, Rizzo N, Pelusi 
G, Pilu G. Diagnosis of station and rotation of 
the fetal head in the second stage of labor with 
intrapartum translabial ultrasound. Ultra-
sound Obstet Gynecol. 2009; 33(3): 331–6.

10 Tutschek B, Torkildsen EA, Eggebø TM. 
Comparison between ultrasound parameters 
and clinical examination to assess fetal head 
station in labor. Ultrasound Obstet Gynecol. 
2013; 41(4): 425–9.

11 Rizzo G, Aloisio F, Bacigalupi A, Mappa I, 
Slodki M, Makatsarya A, et al. Women’s com-
pliance with ultrasound in labor:  a prospec-
tive observational study. J Matern Fetal Neo-
natal Med. 2019: 1–5.

12 Usman S, Barton H, Wilhelm-Benartzi C, 
Lees CC. Ultrasound is better tolerated than 
vaginal examination in and before labour. 
Aust N Z J Obstet Gynaecol. 2019; 59(3): 362–
6.

13 Ghi T, Maroni E, Youssef A, Morselli-Labate 
AM, Paccapelo A, Montaguti E, et al. Sono-
graphic pattern of fetal head descent:  relation-
ship with duration of active second stage of 
labor and occiput position at delivery. Ultra-
sound Obstet Gynecol. 2014; 44(1): 82–9.

14 Bultez T, Quibel T, Bouhanna P, Popowski T, 
Resche‐Rigon M, Rozenberg P. Re:  Angle of 
fetal head progression measured using trans-
perineal ultrasound as a predictive factor of 
vacuum extraction failure. Ultrasound Obstet 
Gynecol. 2016; 48(1): 26–7.

15 Sainz JA, García-Mejido JA, Aquise A, Bono-
mi MJ, Borrero C, De La Fuente P, et al. Intra-
partum transperineal ultrasound used to pre-
dict cases of complicated operative (vacuum 
and forceps) deliveries in nulliparous women. 
Acta Obstet Gynecol Scand. 2017; 96(12): 

1490–7.
16 Sainz JA, García-Mejido JA, Aquise A, Bor-

rero C, Bonomi MJ, Fernández-Palacín A. A 
simple model to predict the complicated op-
erative vaginal deliveries using vacuum or 
forceps. Am J Obstet Gynecol. 2019; 220(2): 

193–e12.

17 Masturzo B, De Ruvo D, Gaglioti P, Todros T. 
Ultrasound imaging in prolonged second 
stage of labor:  does it reduce the operative de-
livery rate? J Matern Fetal Neonatal Med. 
2014; 27(15): 1560–3.

18 Dall’Asta A, Angeli L, Masturzo B, Volpe N, 
Schera GB, Di Pasquo E, et al. Prediction of 
spontaneous vaginal delivery in nulliparous 
women with a prolonged second stage of la-
bor:  the value of intrapartum ultrasound. Am 
J Obstet Gynecol. 2019 Oct 4; (19): 31211–6.

19 Chan VYT, Lau WL, So MKP, Leung WC. 
Measuring angle of progression by transperi-
neal ultrasonography to predict successful in-
strumental and cesarean deliveries during 
prolonged second stage of labor. Int J Gynae-
col Obstet. 2019; 144(2): 192–8.

20 Ghi T, Rizzo G;  EGEO Group. The use of a 
hybrid mannequin for the modern high-fidel-
ity simulation in the labor ward:  the Italian 
experience of the Ecografia Gestione Emer-
genze Ostetriche (EGEO) group. Am J Obstet 
Gynecol. 2020; 222(1): 41–7.

21 Chalouhi GE, Bernardi V, Gueneuc A, Hous-
sin I, Stirnemann JJ, Ville Y. Evaluation of 
trainees’ ability to perform obstetrical ultra-
sound using simulation:  challenges and op-
portunities. Am J Obstet Gynecol. 2016; 

214(4): 525–e8.
22 Youssef A, Ghi T, Awad EE, Maroni E, Mon-

taguti E, Rizzo N, et al. Ultrasound in labor:  a 
caregiver’s perspective. Ultrasound Obstet 
Gynecol. 2013; 41(4): 469–70.

23 Lewiss RE, Hoffmann B, Beaulieu Y, Phelan 
MB. Point-of-care ultrasound education:  the 
increasing role of simulation and multimedia 
resources. J Ultrasound Med. 2014; 33(1): 27–
32.

24 Chalouhi GE, Bernardi V, Ville Y. Ultrasound 
simulators in obstetrics and gynecology:  state 
of the art. Ultrasound Obstet Gynecol. 2015; 

46(3): 255–63.

https://www.karger.com/Article/FullText/512047?ref=1#ref1
https://www.karger.com/Article/FullText/512047?ref=1#ref1
https://www.karger.com/Article/FullText/512047?ref=2#ref2
https://www.karger.com/Article/FullText/512047?ref=3#ref3
https://www.karger.com/Article/FullText/512047?ref=3#ref3
https://www.karger.com/Article/FullText/512047?ref=4#ref4
https://www.karger.com/Article/FullText/512047?ref=4#ref4
https://www.karger.com/Article/FullText/512047?ref=5#ref5
https://www.karger.com/Article/FullText/512047?ref=6#ref6
https://www.karger.com/Article/FullText/512047?ref=6#ref6
https://www.karger.com/Article/FullText/512047?ref=7#ref7
https://www.karger.com/Article/FullText/512047?ref=7#ref7
https://www.karger.com/Article/FullText/512047?ref=8#ref8
https://www.karger.com/Article/FullText/512047?ref=8#ref8
https://www.karger.com/Article/FullText/512047?ref=9#ref9
https://www.karger.com/Article/FullText/512047?ref=9#ref9
https://www.karger.com/Article/FullText/512047?ref=10#ref10
https://www.karger.com/Article/FullText/512047?ref=11#ref11
https://www.karger.com/Article/FullText/512047?ref=11#ref11
https://www.karger.com/Article/FullText/512047?ref=12#ref12
https://www.karger.com/Article/FullText/512047?ref=13#ref13
https://www.karger.com/Article/FullText/512047?ref=13#ref13
https://www.karger.com/Article/FullText/512047?ref=14#ref14
https://www.karger.com/Article/FullText/512047?ref=14#ref14
https://www.karger.com/Article/FullText/512047?ref=15#ref15
https://www.karger.com/Article/FullText/512047?ref=16#ref16
https://www.karger.com/Article/FullText/512047?ref=17#ref17
https://www.karger.com/Article/FullText/512047?ref=18#ref18
https://www.karger.com/Article/FullText/512047?ref=18#ref18
https://www.karger.com/Article/FullText/512047?ref=19#ref19
https://www.karger.com/Article/FullText/512047?ref=19#ref19
https://www.karger.com/Article/FullText/512047?ref=20#ref20
https://www.karger.com/Article/FullText/512047?ref=20#ref20
https://www.karger.com/Article/FullText/512047?ref=21#ref21
https://www.karger.com/Article/FullText/512047?ref=22#ref22
https://www.karger.com/Article/FullText/512047?ref=22#ref22
https://www.karger.com/Article/FullText/512047?ref=23#ref23
https://www.karger.com/Article/FullText/512047?ref=24#ref24


Simulation in Obstetrics 127Fetal Diagn Ther 2021;48:120–127
DOI: 10.1159/000512047

25 Chalouhi GE, Quibel T, Lamourdedieu C, 
Hajal NJ, Gueneuc A, Benzina N, et al. La sim-
ulation pour améliorer l’apprentissage de 
l’échographie obstétricale chez les débutants :  
étude pilote et revue de la littérature [Obstet-
rical ultrasound simulator as a tool for im-
proving teaching strategies for beginners:  Pi-
lot study and review of the literature]. J Gyne-
col Obstet Biol Reprod. 2016; 45(9): 1107–14.

26 Osborne B, Parange N, Thoirs K. The effec-
tiveness of the use of high fidelity simulators 
in obstetric ultrasound training:  a systematic 
review. Australas J Ultrasound Med. 2015; 

18(3): 107–11.
27 Gueneuc A, De Garnier J, Dommergues M, 

Rivière M, Ville Y, Chalouhi GE. [Impact of 
sonography simulation in the training of mid-
wifery students]. Gynecol Obstet Fertil Senol. 
2019; 47(11): 776–82.

28 Rosen H, Windrim R, Lee YM, Gotha L, 
Perelman V, Ronzoni S. Simulator based ob-
stetric ultrasound training:  a prospective, ran-
domized single-blinded study. J Obstet Gyn-
aecol Can. 2017; 39(3): 166–73.

29 Youssef A, Kamel R. Ultrasound in labor:  im-
pact of a theoretical and practical course on 
caregiver’s perspective and accuracy. J Ma-
tern Fetal Neonatal Med. 2019: 1–7.

30 Dückelmann AM, Bamberg C, Michaelis SA, 
Lange J, Nonnenmacher A, Dudenhausen 
JW, et al. Measurement of fetal head descent 
using the ‘angle of progression’ on transperi-
neal ultrasound imaging is reliable regardless 
of fetal head station or ultrasound expertise. 
Ultrasound Obstet Gynecol. 2010; 35(2): 216–
22.

31 Alexander JM, Mercer BM, Miodovnik M, 
Thurnau GR, Goldenberg RL, Das AF, et al. 
The impact of digital cervical examination on 
expectantly managed preterm rupture of 
membranes. Am J Obstet Gynecol. 2000; 

183(4): 1003–7.
32 Lewis DF, Major CA, Towers CV, Asrat T, 

Harding JA, Garite TJ. Effects of digital vagi-
nal examinations on latency period in pre-
term premature rupture of membranes. Ob-
stet Gynecol. 1992; 80(4): 630–4.

33 Gilboa Y, Frenkel TI, Schlesinger Y, Rousseau 
S, Hamiel D, Achiron R, et al. Visual biofeed-
back using transperineal ultrasound in sec-
ond stage of labor. Ultrasound Obstet Gyne-
col. 2018; 52(1): 91–6.

34 Bellussi F, Alcamisi L, Guizzardi G, Parma D, 
Pilu G. Traditionally vs. sonographically 
coached pushing in second stage of labor:  a 
pilot randomized controlled trial. Ultrasound 
Obstet Gynecol. 2018; 52(1): 87–90.

https://www.karger.com/Article/FullText/512047?ref=25#ref25
https://www.karger.com/Article/FullText/512047?ref=25#ref25
https://www.karger.com/Article/FullText/512047?ref=26#ref26
https://www.karger.com/Article/FullText/512047?ref=27#ref27
https://www.karger.com/Article/FullText/512047?ref=28#ref28
https://www.karger.com/Article/FullText/512047?ref=28#ref28
https://www.karger.com/Article/FullText/512047?ref=29#ref29
https://www.karger.com/Article/FullText/512047?ref=29#ref29
https://www.karger.com/Article/FullText/512047?ref=30#ref30
https://www.karger.com/Article/FullText/512047?ref=31#ref31
https://www.karger.com/Article/FullText/512047?ref=32#ref32
https://www.karger.com/Article/FullText/512047?ref=32#ref32
https://www.karger.com/Article/FullText/512047?ref=33#ref33
https://www.karger.com/Article/FullText/512047?ref=33#ref33
https://www.karger.com/Article/FullText/512047?ref=34#ref34
https://www.karger.com/Article/FullText/512047?ref=34#ref34

	startTableBody
	startTableBody

