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ARTICLE INFO ABSTRACT

Keywords: Objectives: The aim of this study was to analyse influence of the fetal head position and the type of instrument

Perineal strain used (forceps, vacuum, OdonAssist™) on perineal deformation, during simulated vaginal deliveries monitored by

Biomechanic stereophotogrammetry.

gzr;izlsitsr:uma Methods: An exploratory study was conducted using mannequins simulating vaginal births. Fifty simulated de-

Vacuum liveries were performed with different fetal head positions and instruments: Pajot’s forceps, Kiwi-vacuum, and

Forceps OdonAssist™. Stereophotogrammetry measured perineal deformations called equivalent strains Ecq.

Stereophotogrammetry Results: Eeq during spontaneous deliveries were minimal, average, and maximal at 0.8 %, 5.8 %, and 11.6 %,
respectively. Assisted vaginal births (AVB) showed slightly higher strains compared to spontaneous deliveries. In
the occipito-posterior position (OP), strains were significantly higher (p < 0.05). Equivalent strain Eeq trend
towards higher mean (6.7 + 0.6 %) and maximum (12.3 + 0.8 %) with forceps compared to other methods in the
occiput anterior position (OA), especially against spontaneous (mean: 5.3 + 0.5 % and max: 9.9 £ 0.6; p = 0.06),
vacuum AVB (mean: 4.6 + 1.0 % and max: 9.4 + 0.1 %, p = 0.06) and OdonAssist™ AVB (mean: 3.8 + 0.9 %
and max: 8.8 + 1.0 %, p = 0.06). Forceps induced greater strains compared to vacuum and OdonAssits™. In OP
position, OdonAssist™ tend to lower mean equivalent strain E.q compared to spontaneous vaginal deliveries (4.9
+ 0.6 % vs 6.4 + 0.5 %, p = 0.06).
Conclusion: Results confirmed increased mechanical perineal stress for OP fetal position and for forceps assisted
deliveries compared to others devices. The OdonAssist™ may offer a less invasive alternative, reducing perineal
strains. Stereophotogrammetry provides valuable data on the mechanical effects of childbirth.

Introduction long term [7]. As such, preventing and managing these tears are critical

priorities for obstetricians. Several risk factors have already been iden-

Vaginal childbirth is a complex physiological process that can lead to tified, including the posterior fetal head position and instrumental de-

perineal tears, affecting approximately 9 out of 10 women [1,2].
Second-degree perineal tears are twice as likely to occur in primiparous
births, with a incidence of 40 % [1-3]. The incidence of obstetrical anal
sphincter injuries (OASIS) ranges between 1 % and 6 % in France, the
United States, the United Kingdom and the Nordic countries [1,3-6].
Perineal trauma of any grade can lead to significant physical and psy-
chological morbidity in both the immediate postpartum period and the

liveries [8-12]. According to the Cochrane 2021 review comparing
forceps and vacuum, forceps were more likely to achieve vaginal birth,
but were associated with a greater number of perineal tears, including
OASIS [13].

Among the instruments for assisted vaginal deliveries, a new device
has emerged: the OdonAssist™ device. The OdonAssist™ is a trade-
marked inflatable device (Maternal Newborn Health Innovations, PBC,
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Parsippany, NJ) designed for assisted vaginal births (AVB). It is intended
to be safer, easier to use, and more acceptable to women and obstetri-
cians compared to current instruments [14-16]. This innovative device
uses a circumferential air cuff that generates lower pressure on the fetal
head than forceps [17,18]. It combines three key mechanical princi-
ples—propulsion, flexion, and traction—to facilitate the progression of
the fetal head. According to Mottet et al., the OdonAssist device has
garnered increasing interest due to its potential to reduce perineal
trauma: 47 % of intact perineum, 36 % of first-degree perineal tear, 13 %
of second-degree, 2 % of third-degree (3A and 3B only) and no fourth-
degree, in a prospective cohort of 104 assisted vaginal deliveries using
the OdonAssist™ device [14].

From a biomechanical perspective, no study has assessed or
compared perineal stress induced by instruments, which could inform
the choice of instrument when necessary. Understanding perineal
behaviour is essential to understand perineal tears, but in vivo experi-
mentation raises ethical issues. Data concerning the mechanical prop-
erties of the perineum and fetal stresses during delivery are very limited
[19-24]. To address this gap, stereophotogrammetry offers an innova-
tive and non-invasive method for accurately measuring perineal de-
formations. This technique can be used in vivo or using mannequins
simulating childbirth [25].

The hypothesis of this work was that perineal deformation increased
when the fetal was in a posterior position and during instrumental de-
liveries, with forceps and vacuum in decreasing order. Indeed, perineal
deformation increases when the tissue undergoes a significant strain. It
could be correlated with higher incidence of clinically significant peri-
neal tears, including second-degree tears and OASIS. One interesting
advantage of the OdonAssist™ is the use of a soft air cuff inflated around
the fetal head. With the circumferential support of the air-cuff, we think
that perineal deformation could be better controlled and distributed,
providing a good perineal support during head crowning limiting risk of
perineal tears.

Therefore, the aim of this study was to analyse the influence of the
fetal head position and the type of instrument used on perineal defor-
mation, including the OdonAssist™ device, during simulated vaginal
deliveries monitored by stereophotogrammetry. This study aims to
identify instruments that induce the least perineal tension and improve
the dispersion of forces to minimize perineal trauma during assisted
delivery.

Methods
Simulation of operative vaginal births

An exploratory study was conducted in August 2023.The PROMPT
birthing simulator fetal mannequin was used with a PROMPT Flex
maternal mannequin birthing simulator (Limbs & Things Ltd, Bristol,
UK) for the simulation of vaginal births, which has been certified for ten
years and blinded to the measuremed data. All simulated vaginal birth
(instrumental or not) were conducted by a single obstetrician. The
PROMPT Flex® birthing simulator fetal mannequin has, an average size
head for a term fetus with a bi-parietal diameter (BPD) of 96 mm,
comparable to the 50th centile of 97 mm at 39-40 weeks’ gestation
[18,26]. Forty simulated vaginal deliveries were performed: 20 with a
fetus in occipito-anterior (OA) position and 20 with a fetus in occipito-
posterior (OP) position. Transverse positions were not studied. For both
head position, 5 were non-assisted deliveries, 5 Kiwi-vacuum AVB, 5
Pajot’s forceps AVB and 5 OdonAssist™ AVB.

For all deliveries, the maternal mannequin birthing simulator was
fixed on a table. The maternal and fetal mannequins were lubricated. All
vaginal birth were simulated on the same way. For vacuum AVB, a Kiwi
vacuum was used. Its cup was placed on the flexion point of the fetal
mannequin. For forceps AVB, a Pajot forceps was used. Regardless the
instrument, traction direction followed the umbilical-coccygeal axis.
The OdonAssist™ device consist of a plastic applicator and polyester
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sleeve (Fig. 1). The sleeve constrains a circumferential air chamber that
is inflated around the fetal head, providing the grip for the operator to
apply traction. When the head is crowding, the cuff is deflated and the
delivery ends as usual. Regardless the head position, vertex was always,
clinically, 2 cm below the ischial spines (station + 2 cm).

Stereophotogrammetry

Perineal deformation data were obtained with stereo-
photogrammetry (Fig. 2). The stereophotogrammetric system consists of
two digital stereovision cameras (Alvium 1800 U-508 with Sony IMX250
CMOS sensor, Allied Vision Technologies GmbH, Germany) (Fig. 3).

Stereovision cameras were installed on the right of the right-handed
operator, on a fixed articulated support, at a slight angle to provide an
optimal view of the posterior fourchette, the area of interest. The cam-
eras were parallel and 3 cm apart and at 50 cm from the region of
interest.

After installation, the first step was calibration to obtain an accurate
reconstruction of the geometry. A planar calibration object and then a
non-planar calibration object were used. The planar calibration object
was placed in various positions within the cameras’ field of view. The
number of rows and columns, as well as their spacing, had to be recor-
ded. Several images were simultaneously captured by both cameras. In
contrast, only a single image from each camera was needed for the non-
planar calibration object. In this case, a cylindrical calibration object
with known 3D positions in the real world was used. The 3D world co-
ordinates could be created using a script that included the calibration
object’s diameter, the number of rows and columns, the size of the
squares, and their spacing.

The next step was image acquisition. A speckle pattern with black
paint was applied to the skin surface of the porcine perineum. To do this,
a toothbrush was used to randomly project small droplets of paint,
creating a pattern of black dots on the surface (Fig. 4). This irregular and
random pattern was essential to facilitate deformation tracking during
digital image correlation analysis. The speckle application was carried
out before the simulation of spontaneous delivery or before the insertion
of instruments except for OdonAssist AVB. In fact, in order to facilitate
the procedure, the Odon device was placed on the foetus and then the
whole unit was placed in the pelvis. Then the speckle was applied.

The light sources were LED bars equipped with high-power LEDs and
polarizers, primarily used to eliminate glare. Thus, the obtained images
were polarized color images. The images from both cameras were syn-
chronized using internal or external triggers. The system uses Vimba-
Python, an open-source Python application programming interface, to
set camera parameters and synchronize acquisition using the Python
“multithreading” function (simultaneous execution of two tasks, i.e.,
image acquisition from both cameras in parallel).

The 3D reconstruction of the stereophotogrammetric system was
performed using the MultiDIC (Multi Digital Image Correlation) pro-
gram. MultiDIC is an open-source MATLAB toolbox for performing 3D
digital image correlation with multiple cameras. It integrates the open-
source Ncorr software, which, using several camera calibration algo-
rithms, can reconstruct 3D surfaces from stereophotogrammetric image
pairs.

The role of the speckle pattern was to facilitate the tracking of spots
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Fig. 1. The OdonAssist™ device with its aircuff (without the applicator).
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Fig. 2. Main steps of the procedure. OAB: operative vaginal delivery.

and to identify a displacement field from which the conventional strain
field was calculated. Rigid body movements could also be identified to
calculate deformations. Understanding the behavior would then allow
for the identification of stress fields. The following measurements were
taken at the end of traction and averaged afterwards [23]: equivalent
strains (Eeq) at the perineum. Deformation data were obtained at
expulsion of the head, at maximum stress. A region of interest (ROI) was
determined regarding the posterior fourchette (the blue square in
Fig. 4). The equivalent strain Eeq in the perineal plane is defined as:

Eeq = 24/(E? +E3 — E1E,), with E; as maximum principal strain, E;

minimum principal strain and E3 = 0 since it is in the same plane. The
strain values were presented with their minimum, mean, and maximum
among all the nodes of the ROL

Statistical analysis

Results are presented using descriptive statistics for distention data
in each scenario.

Initially, we analyzed the data on perineal deformations (Eeq) during
spontaneous vaginal deliveries, comparing anterior and posterior fetal
head positions. Subsequently, we extended this analysis to AVB. Data
were analysed using a Wilcoxon test or Kruskal-Wallis test according to
the number of groups that were compared. Then a Wilcoxon signed rank
test for pairwise comparisons was performed if p-value vas < 0.05 at the
Kruskal-Wallis test. A p-value < 0.05 was considered evidence of group
difference. Analyses were conducted using R software (4.3.2 version).

Results

Equivalent strains Eeq during spontaneous vaginal deliveries were in
minimum, in average and in maximum 0.8 % =+ 0.9, 5.8 % + 0.9 and
11.6 % = 2.0, respectively. Equivalent strains E¢q during AVB were in
minimum, in average and in maximum 0.5 % =+ 0.5, 5.9 % + 1.6 and
12.1 % =+ 2.5, respectively.

Mean and maximum equivalent strains Eeq during spontaneous
vaginal deliveries or AVB were statistically higher in the OP position
compared to OA position (Table 1). In the OA position, the mean and
maximum equivalent strains Eeq were significantly different across de-
livery methods, with p-values < 0.01 (Table 2). In the OP position, the
mean and maximum equivalent strains Eeq also showed significant dif-
ferences (p-values <0.01).

Overall, in Table 2 and 3, forceps tend to show higher equivalent
strain Eeq across both OA and OP positions (p = 0.06), while OdonAs-
sist™ generally showed lower strain values. Comparisons of equivalent
strain Eeq, forceps showed a trend towards higher mean (6.7 £ 0.6 %)
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and maximum (12.3 £ 0.8 %) equivalent strain Eeq compared to other
methods in the OA position: spontaneous deliveries (mean: 5.3 + 0.5 %
and max: 9.9 + 0.6; p = 0.06), vacuum AVB (mean: 4.6 + 1.0 % and
max: 9.4 £+ 0.1 %, p = 0.06) and OdonAssist™ AVB (mean: 3.8 + 0.9 %
and max: 8.8 + 1.0 %, p = 0.06) (Table 3). A trend of lower maximum
equivalent strain E.q was found with OdonAssist ™ AVB compared to
spontaneous vaginal deliveries in the OA position (8.8 1.0 % vs 9.9 +
0.6 %, p = 0.06). In the OP position, similar results were found. Com-
parisons of equivalent strain Eq, forceps showed also a trend towards
higher mean (7.8 + 0.6 %) and maximum (16.8 + 0.6 %) equivalent
strain Eeq compared to other methods in OP position: spontaneous de-
liveries (mean: 6.4 + 0.5 % and max: 13.2 + 1.4; p = 0.06), vacuum
AVB (mean: 5.3 + 0.8 % and max: 12.7 + 0.3 %, p = 0.06) and Odo-
nAssist ™ AVB (mean: 4.9 + 0.6 % and max: 12.3 + 0.6 %, p = 0.06)
(Table 4.). Vacuum AVB tend to induce a lower minimal equivalent
strain Eeq compared to forceps in OP position (0.3 £ 0.2 % vs 0.9 £ 0.3
%, p = 0.06). In the OP position, OdonAssist ™ tend to lower mean
equivalent strain Eq compared to spontaneous vaginal deliveries (4.9 +
0.6 % vs 6.4 + 0.5 %, p = 0.06).

In summary, OP position always increased equivalent strain Eeq
compared to the OA position: between 33 % and 40 % for the maximum
equivalent strain Eeq and between 15 % and 20 % for the mean equiv-
alent strain Eeq (Fig. 5). OdonAssist ™ and vacuum reduced equivalent
strain Eq compared to spontaneous vaginal deliveries regardless the
fetal head position. Forceps increased equivalent strain E.q compared to
spontaneous vaginal deliveries regardless the head position.

Discussion

Analysis of perineal equivalent strain Eeq in different fetal head po-
sitions and delivery methods using obstetrical mannequins provides
valuable insights into the perineal mechanical effects of childbirth. This
study showed an increased mechanical stress in the OP fetal head po-
sition during spontaneous vaginal births and AVB, regardless of the in-
strument used. The results are in accordance with the literature. It is
well-known that OP position are risk factor of perineal trauma during
vaginal births [9,12].

During AVB in either the OA or OP position, forceps tended to in-
crease the mannequin perineal equivalent strain E.q compared to the
vacuum and the OdonAssist ™. In vivo, forceps delivery has also been
described as a perineal risk factor [8,11,27]. The most recent Cochrane
review on AVB provided evidence that forceps may be more likely to
achieve vaginal birth but may be associated with a greater risk of peri-
neal trauma compared with vacuum [13]. From a biomechanical
perspective, forceps exert a load on specific contact points on the
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Fig. 3. Installation of stereophotogrammetry cameras (Alvium 1800 U-508
with Sony IMX250 CMOS sensor, Allied vision Technologies GmbH, Germany)
on an articulated support and themselves mounted by LED bars (Q2) (A) and its
cylindrical calibration object (B).

posterior perineum which is increased by traction and widening of the
vaginal canal.

In the OA position, OdonAssist ™ device reduced the maximum
equivalent strain on the mannequin perineum by 11 % and the mean
equivalent strain by 28 %. These results were similar for deliveries in the
OP position. These reductions in strain were greater with the OdonAssist
™ device than with the vacuum, but not statistically significant (p >
0.05), regardless of the head position. From a clinical perspective, these
results support those from the Besancon Assist study [14]. In their study
with a restrictive use of episiotomy (2.9 %), they manage to obtain a
proper assessment regarding the clinical effect of the OdonAssist device
on the perineum. In the study, the OASIS rate and intact perineum were
3.8 % and 44 % respectively. Perineal stress is likely to be reduced and
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Cur 1 (Cam 0 frame 1)

A. Anus, B. Posterior fourchette, C. Head, D. Right labia minora

Fig. 4. Region of interest in which the deformations (equivalent strain E.q)
have been studied (blue). Anus, B. Posterior fourchette, C. Head, D. Right
labia minora.

Table 1
Comparison of equivalent strain E.q between OA and OP position during spon-
taneous vaginal births or AVB.

OA position OP position p-value
Spontaneous vaginal births
Eeq min (%) 0.6 + 0.5 1.1 +£1.2 0.4
E.q mean (%) 5.3+0.5 6.4+ 0.5 0.02
Eeq max (%) 9.9 £ 0.6 13.2+ 1.4 <0.01
Vacuum AVB
Eeq min (%) 0.4 +0.2 0.3+0.2 0.8
Eeq mean (%) 4.6 +1.0 5.3+0.8 0.4
Eeq max (%) 9.4+0.1 12.7 £ 0.3 <0.01
Forceps AVB
Eeq min (%) 0.5+0.3 0.9 +0.3 0.1
Eeq mean (%) 6.7 + 0.6 7.8+ 0.6 0.03
Eeq max (%) 12.3 +0.8 16.8 + 0.6 <0.01
OdonAssist AVB
Eeq min (%) 0.3+0.1 0.4 + 0.2 0.5
Eeq mean (%) 3.8+09 49+ 0.6 0.06
Eeq max (%) 8.8+ 1.0 12.3 £ 0.6 <0.01

AVB: Assisted vaginal deliveries; E.q: equivalent strain; OA: occipito-anterior;
OP: occipito-posterior.

better distributed during head crowning with the OdonAssist™ aircuff.
We believe that the aircuff can mimic perineal manual support and help
to control the head progression to better distribute the pressure on the
perineum, preventing the initiation of tears. This concept is similar to
that published by Lavesson et al. for a perineal protection device
designed to protect the perineum during labor [28].

The results of this study complement those of O’Brien study [18].
They studied perineal distension from three fixed points on the maternal
mannequin during simulated operative vaginal births performed with
the OdonAssist™ device. They found that vacuum AVB and OdonAssist
™ AVB in the OA position induced similar maximum perineal disten-
sion, whereas forceps AVB was associated with higher maximum peri-
neal distension.

Stereophotogrammetry is an innovative, non-invasive and non-
destructive advanced image processing used to obtain biomechanical
properties. This technique has diverse applications across various fields,
including medical imaging, aerospace engineering, and industrial design
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Table 2
Comparative analysis of equivalent strain Eq in spontaneous and AVB versus AVB alone (Kruskal-Wallis test)“.
Spontaneous Vacuum Forceps OdonAssist p-value* p-value**

OA position
Eeq min (%) 0.6 £ 0.5 0.4 +£0.2 0.5+ 0.3 0.3+0.1 0.5 0.4
Eeq mean (%) 5.3+ 0.5 4.6 +1.0 6.7 + 0.6 3.8+ 0.9 <0.01 <0.01
Eeq max (%) 9.9+ 0.6 9.4+ 0.1 12.3 £ 0.8 88+ 1.0 <0.01 <0.01
OP position
Eeq min (%) 11+1.2 0.3+ 0.2 0.9+ 0.3 0.4 +0.2 0.3 0.02
Eeq mean (%) 6.4 + 0.5 5.3+0.8 7.8+ 0.6 49 + 0.6 <0.01 <0.01
Eeq max (%) 13.2+1.4 12.7 £ 0.3 16.8 + 0.6 12.3 £ 0.6 <0.01 <0.01

AVB: Assisted vaginal deliveries; Eeq: equivalent strain; OA: occipito-anterior; OP: occipito-posterior
P-value * compares spontaneous deliveries and each sub-group of AVB (including vacuum, forceps, and OdonAssist)
P-value ** compares the sub-groups of AVB (vacuum, forceps, OdonAssist) between themselves.

Table 3

Wilcoxon signed-rank test p-values for pairwise comparisons of equivalent strain
Eeq in spontaneous and assisted vaginal deliveries in OA position when the
Kruskal-Wallis test indicated significant differences (Table 2).

p-value Spontaneous Vacuum Forceps OdonAssist
Eeq mean

Vacuum 0.3 / 0.06 0.3
Forceps 0.06 0.06 / 0.06
OdonAssist 0.1 0.3 0.06 /

Eeq max

Vacuum 0.1 / 0.06 0.3
Forceps 0.06 0.06 / 0.06
OdonAssist 0.06 0.3 0.06 /

Eeq: equivalent strain; OA: occipito-anterior; OP: occipito-posterior

Table 4

Wilcoxon signed-rank test p-values for pairwise comparisons of equivalent strain
Eeq in spontaneous and assisted vaginal deliveries in OP position when the
Kruskal-Wallis test indicated significant differences (Table 2).

p-value Spontaneous Vacuum Forceps OdonAssist
Eeq min (%)

Vacuum 0.6 / 0.06 1
Forceps 1 0.06 / 0.1
OdonAssist 0.4 1 0.1 /
Eeq mean (%)

Vacuum 0.06 / 0.06 0.3
Forceps 0.06 0.06 / 0.06
OdonAssist 0.06 0.3 0.06 /
Eeq max (%)

Vacuum 0.6 / 0.06 0.3
Forceps 0.06 0.06 / 0.06
OdonAssist 0.2 0.3 0.06 /

Eeq: equivalent strain; OA: occipito-anterior; OP: occipito-posterior.

[29]. In the medical field, stereophotogrammetry has been used to
measure wound healing, facial volumes, and to compare facial scanning
systems [30-33]. Zemcik et al. used this technique to analyze defor-
mation of the perineum during spontaneous vaginal delivery in order to
identify clinical steps that might be beneficial when performing manual
perineal protection [23]. They proposed a modified “hands-poised”
technique for manual perineal protection in which the anterior hand
only slows down the expulsion of the fetal head, and the posterior hand
and its fingers are placed alongside the fourchette and vaginal opening
precisely at the precise moment of expulsion. This concept is also similar
to the aircuff concept of the Odon Assist ™ device and the Lavesson
perineal protection device [28].

This study is the first one to provide quantified stereo-
photogrammetry data on perineal strain during simulated spontaneous
and assisted vaginal deliveries. This information offers a more objective
and detailed understanding of the biomechanical stresses on the peri-
neum during childbirth. This is crucial as it moves beyond descriptive
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observations towards measurable data that can be used to refine clinical
practices. For clinical practice, the results suggested that although
assisted methods are necessary in some indicated clinical situations,
they may result in increased mechanical strain, especially with forceps.
However, the OdonAssist ™ may offer a less invasive alternative,
potentially reducing strain on the posterior fourchette. In this study,
perineal strains were obtained using a reproducible and valid technique
[25]. All simulations were performed by a single operator, which pro-
moted internal consistency of measurement and eliminated inter-
operator variability. However, there may be inherent limitations to
this strategy, in particular the possibility of repeated systematic error.
Another potential criticism of this study is the uncertainty whether our
results can be generalised to actual use of the AVB device in clinical
practice. However, the operator was well experienced with vacuum,
OdonAssist ™ and forceps devices. For practical reasons, we only
examined a small area of the perineum. It would be interesting to extend
this research to other areas of the perineum. In addition, we used the
PROMPT Flex maternal mannequin birthing simulator (Limbs & Things
Ltd, Bristol, UK) to simulate vaginal birth in this study. It would be
interesting to compare these results with other mannequin models. The
other possible biases are related to the stereophotogrammetry itself. For
example, the random application of speckle over the entire surface of the
perineal part of the mannequin introduced significant variability. The
number of speckle points was not consistent across the cohort, and the
location of the deformation points varied from one field to field. This
variability could affect the minimum, mean and maximum strain mea-
surements. To improve reproducibility and reduce variability between
samples, it would be beneficial to establish a precise pattern for the
location and number of speckle points.

It is important to recognise that these results are preliminary because
they are derived from a simulated environment using a mannequin
modelled from CT scan data. Although the simulations were performed
by an experienced obstetrician and the methods are rigorously
described, caution should be exercised in extrapolating these findings
directly into clinical recommendations requires caution. Further clinical
trials are needed to validate these findings in vivo. Furthermore, the
study focuses only on the biomechanical aspects of perineal strain. Other
important factors influencing perineal tears, such as maternal tissue
characteristics and the labour management, are not considered in this
model. Therefore, the results should not be interpreted in isolation but
as part of a broader understanding of perineal trauma.

Conclusion

Perineal strain measured by stereophotogrammetry during simu-
lated assisted vaginal deliveries was increased for fetal OP position or
during forceps AVB. However, OdonAssist™ may offer a less invasive
alternative, potentially reducing perineal strain. Further research is
needed to better understand obstetric and perineal biomechanics.



M. Lallemant et al.

-28%
-11%
Spontaneous VB OdonAssist AVB
OA position OA position
+21% +29%
o 0
+33% Spontaneous VB OdonAssist AVB T 40 %
OP position OP position
-23%
-7%
+26%
+24%
Spontaneous VB
+21% OA position
Evolution of mean ?
H H 0,
equivalent strain Eeq +33% Spontaneous VB
Evolution of maximal OP position
equivalent strain Eeq +22%

+27 %

European Journal of Obstetrics & Gynecology and Reproductive Biology 306 (2025) 14-20

-13%
-5%
Spontaneous VB Vacuum AVB
+21% OA position OA position 15 9o
+33% +35%
° Spontaneous VB OdonAssist AVB
OP position OP position
-17%
-4 %

Forceps AVB
OA position
P +16 %
0,
Forceps AVB +37%
OP position

Fig. 5. Changes in the mean and maximum equivalent strain (E.q) across spontaneous vaginal birth, different AVB methods and head position. AVB: Assisted vaginal

deliveries; Eeq: equivalent strain; OA: occipito-anterior; OP: occipito-posterior.
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