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Abstract
Introduction and hypothesis We compared hands-on manual
perineal protection (MPP) and hands-off delivery techniques
using the basic principles of mechanics and assessed the
tension of perineal structures using a novel biomechanical
model of the perineum. We also measured the effect of the
thumb and index finger of the accoucheur’s dominant-
posterior hand on perineal tissue tension when a modified
Viennese method of MPP is performed.
Methods Hands-off and two variations of hands-on manual
perineal protection during vaginal delivery were simulated
using a biomechanical model, with the main outcome mea-
sure being strain/tension throughout the perineal body during
vaginal delivery.
Results Stress distribution with the hands-on model shows
that when usingMPP, the value of highest stress was decreased
by 39 % (model B) and by 30 % (model C) compared with the

hands-off model A. On the cross section there is a significant
decrease in areas of equal tension throughout the perineal body
in both hands-on models. Simulation of the modified Viennese
MPP significantly reduces the maximum tension on the inner
surface of the perineummeasured at intervals of 2mm from the
posterior fourchette.
Conclusions In a biomechanical assessment with a finite
element model of vaginal delivery, appropriate applica-
tion of the thumb and index finger of the accoucheur’s
dominant-posterior hand to the surface of the perineum
during the second stage of delivery significantly reduces
tissue tension throughout the entire thickness of the per-
ineum; thus, this intervention might help reduce obstetric
perineal trauma.
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Introduction

Vaginal delivery can lead to perineal trauma, which can cause
pain [1] and infection [2] in the short term and pelvic organ
prolapse (POP) and stress urinary incontinence (SUI) [3] in the
long term. A number of measures have been explored to
avoid/reduce such trauma, including episiotomy [4] and peri-
neal support. In the past, perineal support during the time of the
delivery of the fetal head was standard practice. Several differ-
ent guiding techniques for protecting the perineum during the
second stage of delivery have been suggested, but no consen-
sus for definition of manual perineal protection exists. Manual
perineal protection can be understood as the use of either one
or two hands when the fetal head is crowning. Flexion or
extension techniques have been suggested for the accoucheur’s
left-anterior hand. Three main procedures were described in
1889 [5] to support the perineum using the accoucheur’s right-
posterior, dominant hand: the central perineal support [5], the
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Viennese method [5], and Ritgen maneuver [6]. In the central
support, the palm is firmly applied to the perineum in the
midline, with no coordinative work mediated by fingers [5].
In the Viennese technique, the fingers are placed alongside the
fourchette and vaginal opening [5]. In the Ritgen maneuver,
the tips of four fingers are placed on the posterior perineum,
behind the anus, and execute a forward pressure on the fetal
chin to extend the fetal head [6]. In some countries, the practice
of routine manual perineal protection has fallen out of favor
and seems to have disappeared in recent years.

In the USA, evidence-based guidelines for managing the
second stage of labor do not recommend routine perfor-
mance of MPP [7]. In the UK, both the hands-on MPP or
the hands-off delivery techniques are considered appropriate
for facilitating spontaneous vaginal delivery [8, 9], and a
recent survey showed that a majority of junior midwives
prefer the hands-off delivery technique [10] based on results
of two randomized trials [11, 12]. These randomized studies
compared different MPP techniques and showed no benefi-
cial effect on the rate or degree of perineal injury. However,
the hands-on technique was insufficiently defined [11–13].
The studies failed to describe whether the purpose of the
light pressure (executed by the anterior hand) was merely to
slow down the passage of the fetal head through the perineal
structures or if it should, in addition, maintain flexion [11,
12]. The terms “guarding” and “supporting” the perineum
(executed by the right-posterior hand) were not defined or
explained in detail [11, 12].

Lacking a technical tool to measure changes in perineal
tissue tension during delivery has made it difficult to evaluate
the effects of usingMPP. Recently, an analytical study showed
that the maximum perineal transverse strain is more than four
times higher than the highest maximum anteroposterior strain
and that 1 cm of the perineal tissue at the fourchette is
transversely stretched to 2.77 cm in the final phase of the
second stage of delivery [14]. Derived from the principles of
mechanics, reduced perineal tension can be achieved by
redistributing and spreading maximum tension over a larger
area. A biomechanical model allowing depiction of displace-
ments and stresses in tissue is being developed to measure
alterations on perineal tissue tension during the simulation of
vaginal delivery.

The aim of this study was to evaluate whether the modified
Viennese method with fingers applied to perineal skin can
reduce perineal tension throughout the entire thickness of the
perineum when compared with the hands-off delivery tech-
nique. The goal of this testing was to evaluate the role of the
thumb and index finger of the accoucheur’s dominant-
posterior hand during the modified Viennese method of
MPP. This study is a part of a larger project: Perineal
Trauma Prevention, Evaluation, Education, and Recognition
Study Group: Perineal Protection Program Incorporating the
Principles of Physics (PEERS 5P’s project).

Methods

Developing the biomechanical model

To design this model, the initial geometry of the female
pelvic floor at the beginning of the second stage of labor
was based on available data from previous experimental,
clinical, and biomechanical studies. The following anatom-
ical and mechanical parameters were chosen to define the
biomechanical model in order to correspond more accurately
with dynamic changes in perineal anatomy during the final
stage of labor: location and dimensions (length, thickness,
angle) of the perineal structures (e.g. pubis, subpubic angle,
inferior pubic rami, genital hiatus, perineal body, anus), fetal-
head dimensions, trajectory of fetal head passage, location of
the thumb and the index finger on the perineal surface, area
of contact between fingers and perineum, coordinated move-
ment between fingers, together with its vector and experi-
mental data obtained from previous clinical measurements
[15–28], and stereophotogrammetry performed during the
second stage of labor [14]. The initial perineal body length
(distance between the posterior margin of the hymen and the
anterior margin of the anus) was set at 3.7 cm [15, 16] with a
potential to stretch to 5.0 cm [17]. The thickness of the
perineal body (the craniocaudal diameter in the sagittal plane
in the midline) was set at 3 mm at the posterior margin of the
hymen and 14 mm at the site of the external anal sphincter
[18, 19]. The subpubic angle was selected at 90° [20–22].
The anteroposterior diameter of the pelvic outlet was 11.5 cm
[21]. The chosen intertuberous diameter was 11 cm [22]. All
these dimensions defined the length of the inferior
puboischial rami at 7 cm. The chosen diameter of the genital
hiatus was 3 cm. This was derived from the diameter of the
levator hiatus [23–26], the length of the genital hiatus [27],
and the circumference of the two fingers of the accoucheur
being used for the routine gynecological examination. The
chosen diameter of the molded fetal head was 9.5 cm [25,
28], and the chosen trajectory of fetal head passage through
the birth canal followed the curve of Carus. Based on the
available scientific data, a numerical finite element model of
the perineum was created. Model geometry and mesh were
created with HyperMesh software [29]; simulations were
performed using Pam-Crash software [30].

The 3D mesh was composed of 162,310 tetrahedral ele-
ments (elements composed of four triangular faces). The
mean edge size of the elements was 2 mm. Elastic, visco-
elastic, or hyperelastic material models are usually used for
soft biological tissue [31]. The perineal tissue undergoes
extremely large deformations during vaginal delivery [14].
Therefore an elastic material model was not suitable. The
finite element model was designed for slow and long pro-
cesses that can be performed by quasistatic simulations.
Response of viscoelastic materials is time dependent, but
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the final phase of the vaginal delivery takes minutes, which is
considered to be a long time. A hyperelastic material model
allows for large deformations and is not time dependent, which
allows for shortening of the simulation without compromising
the correct material response. Therefore, we used the quasi-
incompressible, transversely isotropic, hyperelastic Mooney–
Rivlin material model for soft tissue. Strain energy density
function for this material is:

W ¼ A⋅ I1−3ð Þ þ B⋅ I2−3ð Þ þ C⋅
1

I3ð Þ2 −1
 !

þ D⋅ I3−1ð Þ2;

where I1, I2, I3 are the invariants of the right Cauchy–Green
deformation tensor.

The 2nd Piola–Kirchhoff stress tensor is obtained as follows:

Sij ¼ ∂W
∂εij

;

where εij is the Green–Lagrange strain tensor.
Coefficients A and B are material parameters; coefficient

C=0.5A+B; coefficient D is a penalty factor that depends on
the equivalent Poisson’s ratio. If the material is close to being
incompressible, the value of I3 tends toward 1, and the penalty
factor, D, approaches infinity. In our model, the quasi-
incompressibility was obtained using Poisson’s ratio 0.49.
Coefficients A and B were set to 1 and 5 GPa, respectively.

The fetal head was modeled as a rigid body formed by
8,010 shell elements. Its trajectory was imposed so to move
as close as possible to the pubic rami to resemble the fetal
head movement along the curve of Carus during vaginal
delivery. Sliding contact was defined as being between the
fetal head and the soft tissue. Soft-tissue boundary condi-
tions were set with respect to the anatomy. The inner area
behind the pubic rami had fixed displacements to simulate
tissue connection to the bone. To fix the model in space, its
outer edge was fixed for all degrees of freedom. In hands-on
models, finger movement was simulated by the imposed

movement of nodes corresponding to the area of the fingers
in contact with the skin. In model B, the movement was
imposed in two directions and in model C in the posterior
direction only. Other degrees of freedom of the area of the
fingers remained free.

Testing MPP on the model

Vaginal delivery of the fetal head was simulated using the
model. The modified Viennese method described previously
[14] was used to simulate the hands-on MPP technique. The
area of contact between the fingers of the right-posterior hand
and the perineal skin was calculated from the experimental
measurements of finger imprints. The area covered by the
accoucheur’s thumb and index finger corresponded to 2.5 cm2

and 2 cm2, respectively. We calculated the exact timing and
location of finger application to the perineum and a coordinated
movement between thumb and index finger using experimental
stereophotogrammetric measurements from a pair of images
taken in two different positions at the same time. It was calcu-
lated that fingers were applied when the vaginal introitus was
dilated to 8 cm anteroposteriorly and 4 cm transversely. In the
model, the fingers were applied when the anteroposterior diam-
eter was 7 cm and the transverse diameter was 5.3 cm.

In model B, the thumb and index finger were placed
alongside the fourchette and vaginal opening 11 cm apart
and squeezed against the vector of the principal strain, 1 cm
medially toward each other and 1 cm posteriorly toward the
fourchette. Finger positions were not changed until expul-
sion of the fetal head was simulated (Fig. 1). In model C, a
weaker grip between thumb and index finger was tested. The
fingers were placed alongside the fourchette and vaginal
opening 11 cm apart, together moved the touched skin
1 cm posteriorly toward the fourchette, but were not moved
medially toward each other and remained 11 cm apart
(Fig. 1). Axial and sagittal planes of the fetal head and
perineal structures at the moment of fetal head expulsion,

Fig. 1 Application and
coordination of the thumb and
index finger of the dominant-
posterior hand. Model A: hands-
off; model B: hands-on (squeezed
1 cm medially toward each other
and 1 cm posteriorly toward the
fourchette, fingertips remain
10 cm apart); model C: hands-on
(squeezed 1 cm posteriorly
toward the fourchette, fingertips
remain 11 cm apart). Blue, soft
tissue; green, fetal head; yellow
dots finger location at the time of
application (first line) and final
location (second line)
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are shown with a color spectrum in multiples of stress units
in Figs. 2 and 3, respectively.

To facilitate comparison, perineal tissue tension was calcu-
lated in stress units, with the maximum measured tension in
the hands-off model at 100% and at rest at 0 %. The following
variables in all three models were evaluated: maximum peri-
neal tension for each model, size of areas of the proportionate
tension for eachmodel (in divisions of 20%, i.e., 0–20%, 20–
40 %, 40–60 %, 60–80 %, and 80–100 % of stress units)
(Table 1), size of areas with aggregate proportionate tension
for each model (in divisions of 20 %, i.e., ≥20 %, ≥40 %,
≥60 %, and ≥80 % of stress units) (Table 2), and maximum
tension on the inner surface of the perineum at each 2-
mm interval from the posterior fourchette (Table 3). No sta-
tistical analysis was performed due to the nature of the study.

Results

This study revealed that for the stress distribution with the
hands-off technique, the highest tension in the midline at the
time of fetal-head expulsion was at the fourchette. Stress
distribution with hands-on MPP showed the same location
of the maximum tension at the equivalent moment of fetal
head expulsion. Table 3 shows that using MPP, stress peak

decreased by 39% inmodel B and 30% inmodel C compared
with the hands-off technique. Cross sections through the mid-
line of the perineal body (Fig. 3) revealed that in the hands-off
method, the area of tissue tension >20, >40, and >60 units of
stress was significantly larger compared with the hands-on
techniques (Tables 1 and 2). Table 2 shows that in the hands-
off technique, nearly 30 % of the perineal area was exposed
to tension ≥20 stress units, whereas in the hands-on
technique used in model B, the exposed area of tension
≥20 stress units was only 10 % and in model C 15 %.

Discussion

The aim of this study was to assess whether MPP can reduce
perineal tension during delivery in comparison with the hands-
off technique. Simulating vaginal delivery on this biomechan-
ical model showed that according to the principles of mechan-
ics, appropriately performed MPP reduced the maximum ten-
sion in perineal structures by 39 %. This novel perineal model
allowed us to assess the effect of MPP on strain and stress on
perineal tissue during a simulated vaginal delivery. The simu-
lation focused on the correct positioning and coordination of the
thumb and index finger of the accoucheur’s dominant-posterior
hand in order to reduce the maximum principal—transverse

Fig. 2 Axial planes of the perineum and stress distribution in tissue, with
a color spectrum in multiples of stress units at the moment of fetal-head
expulsion.Model A hands-off;model B hands-on (squeezed 1 cmmedially
toward each other and 1 cm posteriorly toward the fourchette, fingertips

remain 10 cm apart);model C hands-on (squeezed 1 cm posteriorly toward
the fourchette, fingertips remain 11 cm apart). General view (first line),
details of the perineum (second line)

Fig. 3 Details of sagittal planes of the perineum and stress distribution
in tissue, with a color spectrum in multiples of stress units at the
moment of fetal-head expulsion. Model A hands-off; model B hands-
on (squeezed 1 cm medially toward each other and 1 cm posteriorly

toward the fourchette, fingertips remain 10 cm apart); model C hands-
on (squeezed 1 cm posteriorly toward the fourchette, fingertips remain
11 cm apart)
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(tangential) strain. Reduced strain in the posterior perineumwas
notable, and these results may help identify which manual pro-
cedures may reduce perineal injuries in clinical practice.

Perineal injuries are associated with many factors, and
protecting the perineum against tearing during vaginal delivery
is probably a multifactorial issue as well. More research is
needed to assess how the accoucheur’s nondominant left-
anterior hand and the remaining part of the dominant right-
posterior hand could be utilized. To categorize MPP into
hands-on, hands-poised, or hands-off techniques only is insuf-
ficient; more detailed description of the function of the accou-
cheur’s hands is needed to define MPP in an exact and under-
standable way that is reproducible and comparable with other
methods. Previous studies [11–13, 32, 33] did not find the
hands-on technique to be beneficial in reducing perineal trau-
ma. However, these studies could be criticized for an imprecise
methodological concept because the exact execution of
hands-on MPPwas neither described nor controlled, and hence
the results of these studies must be interpreted with caution.
In some other studies, MPP was found to be a protective
factor for anal sphincter tears [34–40]. Also, in two of them
[34, 35], the exact performance of MPP employed is missing.

In a retrospective study by Pirhonen et al. [36], MPP was the
only obstetric variable that significantly differed between two
countries with similar quality perinatal care and remarkably
different rates of severe perineal trauma. In studies by Laine
et al. [37–39], Hals et al. [40], and Stedenfeldt et al. [41],
several obstetric interventions were modified, resulting in a
radical reduction of anal sphincter tear rate in Norway.
Therefore, the exact role of MPP alone was difficult to assess.

Themain limitation of this study is the lack of data regarding
the material parameters of the perineal tissue. Therefore, vari-
ous parameters were tested and evaluated according to their
realistic behavior during the simulation. The shape of the
bulging perineum and the previous experimental data (dilation
of the vaginal introitus or change in perineal body length)
served for this evaluation. The authors are aware of the main
weakness, and so the study approach was based on general
biomechanical principles. Absolute stress values achieved dur-
ing simulations may differ with use of different material pa-
rameters and thus were not presented. The main message of
this simulation is that there was a significant decrease in
perineal tension when an adequate modification of MPP is
executed. Simulations with different tested material parameters
corresponding to much softer tissue showed a very similar
proportionate reduction for individual modifications of MPP.
At the moment, due to the lack of available data, results of this
study cannot be compared with other studies that evaluate the
behavior of the levator plate because the anatomic layout of the
levator muscle and type of levator deformation regarding
maximum strain is different than that of the perineal body.
Another limitation is that this simulation was not a clinical
study. There has yet to be a study on whether reducing max-
imum perineal tension, as shown in this computational study,
can lead to clinical reduction of adverse anatomical and func-
tional perineal outcomes. However, for future clinical evalua-
tion, study methodologies and MPP depiction and individual
clinical performance must be markedly improved to achieve
reliable and reproducible results.

Table 1 Sagittal plane through the perineal body at the moment of fetal
head expulsion, with redistribution of perineal tension range. Compar-
ison of proportionate areas of perineal body between models

Perineal tissue tension
[stress units]

Proportionate area of the perineal body [%]

Hands-off Hands-on

Model A Model B Model C

<20 70.2 89.9 84.8

20−40 23.3 8.5 12.7

40−60 4.7 1.6 2.3

60−80 1.4 0 0.2

80−100 0.4 0 0

Table 2 Sagittal plane through the perineal body at the moment of fetal
head expulsion, with redistribution of perineal tension range. Compar-
ison of aggregate areas of perineal body between models

Perineal tissue tension
(stress units)

Aggregate area of the
perineal body (%)

Ratio of
aggregate areas

Hands-
off

Hands-on Hands off/on

Model
A

Model
B

Model
C

Model
A/B

Model
A/C

<20 70.2 89.9 84.8 0.78 0.83

≥20 29.8 10.1 15.2 2.95 1.96

≥40 6.5 1.6 2.5 4.06 2.6

≥60 1.8 0 0.2 N/A 9

≥80 0.4 0 0 N/A N/A

Table 3 Maximum tension values on the inner surface of the perineum,
with tension measured at 2-mm intervals from the posterior fourchette

Distances from the
fourchette (mm)

Maximum tension (%)

Hands-off Hands-on

Model A Model B Model C

0 100 61 70

2 70 41 49

4 40 32 36

6 32 21 27

8 27 18 21

10 21 12 16

20 9 6 6
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Conclusion

In a biomechanical assessment with a finite element model of
vaginal delivery, appropriate application of the thumb and
the index finger of the accoucheur’s dominant-posterior hand
to the surface of the perineum during the second stage of
delivery significantly reduced tissue tension throughout the
entire thickness of the perineum. Thus, this intervention
might be beneficial in reducing the rate and/or degree of
obstetric perineal trauma.
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