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Introduction

Shoulder dystocia is the obstruction between the anterior shoulder

Studying the Effects of Shoulder
Dystocia and Neonate-Focused
Delivery Maneuvers on Brachial
Plexus Strain: A Computational
Study

The purpose of this computational study was to investigate the effects of neonate-focused
clinical delivery maneuvers on brachial plexus (BP) during shoulder dystocia. During
shoulder dystocia, the anterior shoulder of the neonate is obstructed behind the symphysis
pubis of the maternal pelvis, postdelivery of the neonate’s head. This is managed by a series
of clinical delivery maneuvers. The goal of this study was to simulate these delivery
maneuvers and study their effects on neonatal BP strain. Using mapymo models of a maternal
pelvis and a 90th-percentile neonate, various delivery maneuvers and positions were
simulated including the lithotomy position alone of the maternal pelvis, delivery with the
application of various suprapubic pressures (SPPs), neonate in an oblique position, and
during posterior arm delivery maneuver. The resulting BP strain (%) along with the required
maternal delivery force was reported in these independently simulated scenarios. The
lithotomy position alone served as the baseline. Each of the successive maneuvers reported a
decrease in the required delivery force and resulting neonatal BP strain. As the applied SPP
force increased (three scenarios simulated), the required maternal delivery force and
neonatal BP strain decreased. A further decrease in both delivery force and neonatal BP
strain was observed in the oblique position, with the lowest delivery force and neonatal BP
strain reported during the posterior arm delivery maneuver. Data obtained from the
improved computational models in this study enhance our understanding of the effects of
clinical maneuvers on neonatal BP strain during complicated birthing scenarios such as
shoulder dystocia. [DOI: 10.1115/1.4064313]

of cases report no recovery and are diagnosed as Erb’s or Klumpke’s
palsy, which is permanent paralysis of various muscles of the

of the neonate and the symphysis pubis of the maternal pelvis [1-3].
It is an unpredictable event and is classified as an obstetric
emergency in which both the mother and neonate are at risk of
injury. Shoulder dystocia has a prevalence rate of 0.2 to 3% during
vaginal deliveries and is associated with risk factors such as fetal
macrosomia, multiparous mothers, prolonged labor, maternal
gestational diabetes, and high maternal body mass index (BMI) or
weight-to-height ratio [2,4,5]. Having one or more of the listed
factors can increase the risk of shoulder dystocia occurrence,
although with a low predictive value. Shoulder dystocia can lead to
overstretching of the brachial plexus (BP) causing neonatal brachial
plexus palsy (NBPP) [6-8], and occurs in every 1.5 in 1000 births.
While NBPP spontaneously recovers in 70-75% of cases; 25-30%
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affected arm [5,8—-11].

During complicated delivery scenarios, when shoulder dystocia is
diagnosed, clinicians have a very limited amount of time to alleviate
the obstruction before a severe injury to the infant or mother can
occur. Clinicians perform maneuvers sequentially, increasing in
difficulty and invasiveness, to achieve successful delivery. The
lithotomy position (treated as the baseline in this study) is typically
the starting birthing position where the mother is supine on the
delivery table with legs flexed and feet separated and elevated in
stirrups. When shoulder dystocia is diagnosed, a clinician first places
the mother in McRoberts’ position, with the thighs flexed and
abducted to rotate the pelvis and flatten the sacrum. They then apply
suprapubic pressures (SPP), in which forces are applied to the soft
tissue superior to the maternal symphysis pubis to adduct the
neonatal shoulders or rotate the shoulder away from the symphysis
pubis and alleviate the obstruction [12]. If shoulder dystocia persists,
rotational maneuvers are then performed, such as the Wood’s Screw
or Rubin’s maneuver. This approach allows the bisacromial
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diameter (i.e., width of the shoulder) to utilize the oblique diameter
(i.e., largest width) of the gynecoid pelvis [3,13,14]. If delivery
remains unsuccessful, posterior arm delivery is then attempted—in
which the clinician reaches inside the birth canal to adduct and bring
the posterior arm across the infant’s chest and out past the neonate’s
head, delivering the posterior arm of the neonate before the
shoulders. This effectively reduces the shoulder width, thereby
alleviating the obstruction and resulting in the delivery of the
neonate [15].

Previous studies investigating these maneuvers have reported a
high delivery success rate for the McRoberts maneuver when
performed with the application of SPP [16,17]. Another case study
reported oblique or posterior arm delivery maneuvers to be more
effective (in 74% of vaginal births) than McRoberts and SPP [18].
Furthermore, Leung et al. reported a reduction in BP strain with
rotational or oblique maneuvers [19]. While these studies offer some
insight into the effects of delivery maneuvers during complicated
birthing scenarios, additional studies are needed to further enhance
our understanding of the effects of these clinical maneuvers on
neonatal BP strain that leads to the observed NBPP injuries.

Ethical and technical limitations in performing investigational
clinical studies to better understand injuries sustained during
birthing complications increase reliance on surrogates such as
computational models [14]. These models can be used to study the
effects of various delivery maneuvers that are used to manage
shoulder dystocia and the biomechanical response of neonatal BP in
these complicated birthing scenarios [20]. While previous MADYMO
modeling studies have laid a foundation for such an approach, those
models have several limitations, including the model parameters
that were not representative of neonatal BP tissue, as well as the
limited simulations performed. The current study aims to fill these
research gaps by enhancing the biofidelity of existing MADYMO
models and further investigating the effects of shoulder dystocia and
clinically applied neonate-focused delivery maneuvers on neonatal
BP strain.

Materials and Methods

Mathematical Dynamic Models/mapymo (v2020.2, Siemens Inc.,
OR) is a computational modeling software package that combines
multibody systems and finite element modeling. Its most common
application is automotive crash safety testing, where parameters
such as position, force, velocity, acceleration, and coefficients of
friction can be inputs and outputs of the performed simulations. In
this study, MmapYMO was utilized to develop models of the neonate
and maternal pelvis, which were then used to simulate shoulder
dystocia and various clinical delivery maneuvers. The neonate and
maternal pelvis MADYMO model parameters including size, mass,
joints, contact surfaces, force vectors, and position in the reference
space to represent vaginal delivery were carefully defined from
available literature [21,22]. The force required for delivery and
relative elongation of the BP nerve (BP strain %) were recorded
from the mMapymo output file while simulating various clinical
maneuvers commonly utilized during complicated shoulder dysto-
cia delivery.

The neonate and maternal pelvis MaDYMO models used for the
application of shoulder dystocia were originally developed by
Zhang et al. in 2003 [23], using version 5.4 of the software. For this
project, version 2020.2 of mapymo was used, and all model
components were updated. The neonate model developed by Zhang
et al. (by scaling down the 9-month-old anthropomorphic test
dummy model obtained from the MmapYMO dummy database) was
revised such that the new neonate model’s weight (3.8 kg), height
(53 cm), shoulder breadth (14cm), chest breadth (12cm), head
circumference (36 cm), and chest circumference (35 cm) matched
the measurements reported by the Center for Disease Control (CDC)
[24]. The neonate model consisted of 32 ellipsoidal bodies that were
connected by kinematic joints, and the BP was modeled as a bi-linear
spring using the “belt” function in MabpYMo. This function outputs
force and length measurements that act on the belt throughout the
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simulation. The belt was defined by its original length of 7.5 cm, two
points of attachment (below the C5 vertebra and at the midpoint of
the upper arm), and stiffness. The maternal pelvis was created as a
separate multibody system using a computer-aided design based on
a computed tomography scan of a S0th-percentile female gynecoid
pelvis and had an obstetric conjugate of 12.5 cm [23].

Previously developed Mabymo models were carefully reviewed
when developing the MADYMO neonate and maternal pelvis models in
the current study. The previously developed neonate MADYMO model
reported a 90th-percentile neonate with a bisacromial diameter of
14.2cm. The bisacromial diameter is the largest width of the
neonatal shoulder and is measured between the outer shoulders [13].
The 90th percentile neonatal model was elected to offer a distinct
size discrepancy between the neonatal shoulders and maternal
pelvic inlet. This size discrepancy helped achieve the obstruction
between the neonatal and maternal pelvic models simulating
complicated shoulder dystocia scenarios. Figure 1 shows the
neonate and maternal pelvis models at the start of the simulations.
It is noteworthy that the acquired neonatal model, from the
previously reported study [12], measured a bisacromial diameter
of 12.4 cm, which is similar to that of a 50th-percentile neonate [23].
In this study, the neonate model was developed with a bisacromial
diameter of 14.0 cm, which is reported for a 90th-percentile neonate
[25]. This was achieved by scaling the neonate model by a factor of
1.13 such that the head-to-shoulder and head-to-body ratios were
maintained.

The previously developed neonatal MADYMO model also reported
that the origin of the neonate BP was between the C5 and C6
vertebrae; however, the acquired model had the BP originating
between the C4 and C5 vertebrae [23,26]. In the current neonate
model, the origin of the BP was between the C5 and C6 vertebrae and
thus replicated the anatomical accuracy [27].

The Mapymo interface requires force—displacement values as
inputs in the loading function to characterize the elastic properties of
the modeled BP. The neonatal BP in the previously reported model
included stress—strain data obtained from the rabbit tibial nerve
published by Rydevik et al. (1990) [28]. In the current study, we
improved the biofidelity of the neonate model by utilizing the
force—displacement values from the musculocutaneous (MSC)
nerve of neonatal piglets when subjected to tensile failure in vitro,
as published by Singh et al. [20]. The MSC BP force—displacement
values were scaled to be applied to the 7.5 cm long BP in the current
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Fig. 1 The neonate (orange) and maternal pelvis (light grey)
models in mabymo at the start of the simulation in the lithotomy
position
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Fig.2 Force vector for gravity applied to the center of gravity of
the neonate’s head and maternal force applied in line with the
neonatal spinal axis in the current mabymo models

model [26]. The BP was modeled as a one-dimensional bi-linear
spring (using “belt” mabpymo function) with force—displacement
values from the piglet nerve data to create a bi-linear load versus
displacement curve with two linear sections. The stiffness values
assigned to the first linear section was 227.65 N/m and the second
linear section was 251.81 N/m which were obtained from in vitro BP
tensile test [20].

Furthermore, unlike the previously developed models that applied
gravity using a function that applied an acceleration field to the
entire system [23], the current study utilized a body actuator
function in MADYMO, which better replicates the delivery simu-
lations. This function specifies the magnitude and direction of the
gravitational force with respect to the reference space. In the current
study, gravity was applied at the center of gravity of the neonate’s
head in the downward Z-direction, as shown in Fig. 1.

In addition to gravity, the neonate model in the current study was
also subjected to published maternal forces that simulated combined
maternal uterine contractions and Valsalva forces [14]. The
maternal force was applied to the center of gravity of the neonate’s
upper torso using the body actuator function, as described
previously. The previous MADYMO model applied maternal force
at the center of mass of the neonate’s torso at an angle of 25 deg
below the horizontal—aligned with the angle of the infant’s body
[23,26,29,30]. In the current model, the expulsive maternal force
was applied downward and outwards with respect to the birth canal
at a45 deg angle to follow along the axis of the neonate’s spine [26],
thereby resulting in a force direction between the negative Z and
negative Y axes (Fig. 2). Contact characteristics between the
surfaces of the maternal pelvis and neonate models were added and
defined in the current models so that the systems would not penetrate
each other when subjected to applied forces. This was achieved in

Midsagittal Plane

(@ (b)

Midcoronal Plane

SPP Force
Soft

Tissue

X

Fig. 4 Force vector of suprapubic pressure applied by the
clinician at magnitudes of 40N, 80N, or 140N

the MaDYMO software by defining rigid bodies as master and slave
surfaces which were then assigned loading functions to define low
elasticity and penetration of the rigid structures. The elastic load
values were determined by evaluating the simulations and
increasing the load until no penetration between the rigid bodies
was observed. Rigid structures of the maternal pelvis and neonate
were assigned friction coefficients of 0.2 and 0.6, respectively, as
defined in the original models [23,26].

All delivery scenarios for this study involved maintaining the
orientation of the maternal pelvis based on a lithotomy position—
with the angle between the symphysis pubis and the horizontal (X-Y)
plane being set at 45 deg. The initial position of the neonate model
was such that the anterior shoulder was in contact with the
symphysis pubis of the maternal pelvis, with the neonate head
already delivered shown in Fig. 3. The models were oriented such
that the midcoronal plane of the neonate was coplanar with the
midsagittal plane of the maternal pelvis, shown in Fig. 3.

To simulate the application of SPP force, a body actuator was
applied to a rigid body that was modeled to represent soft tissue
superior to the maternal symphysis pubis bone. A body actuator is a
MADYMO function that applies a concentrated load on a defined body
with a defined magnitude and direction [31]. Since MADYMO is
limited to rigid structures, soft tissue could not be accurately
modeled. However, the rigid structure was modeled with a
penetrative surface. The soft tissue of the mother was used to
transfer the force applied by the clinician to the neonatal shoulder.
The force was applied directly downwards in the Z-direction at 40N,
80N, or 140N, as shown in Fig. 4. The vector showing SPP force
indicates the body actuator that was simulated at three levels. The
next maneuver modeled was the oblique positioning of the neonate,
shown in Fig. 5. In previously published studies, the neonate model
was rotated by 15 deg in the counterclockwise direction anteriorly
with respect to the midsagittal plane of the maternal pelvis model
[23,26]. The current neonate model was rotated 30 deg clockwise
(posteriorly) with respect to the midsagittal plane of the maternal

(c)

Fig. 3 Maternal pelvis model (a) and neonate model (b) in mabymo and the initial position for lithotomy (c) with
the midsagittal plane of the pelvis and midcoronal plane of the neonate coplanar relative to each other
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Fig. 5 Lithotomy (baseline) position (top left) compared to the
oblique position (top right) of the neonate model and measure-
ments of pelvic diameters in these positions (bottom)

Delivery

Fig. 6 Posterior arm delivery maneuver model in which the
posterior arm was delivered prior to the anterior shoulder of the
neonate

(@)

Neonatal
Anterior
Shoulder

Maternal Pubic \
(=

Symphysis

pelvis as widely reported in the literature. Common clinical practice
includes rotational maneuvers where the obstructed shoulder is
rotated until the neonate faces toward the posterior of the mother
[12,13]. Utilizing the oblique diameter offers approximately 2 cm of
additional space for the neonatal shoulders [32]. Finally, for
simulating the posterior arm delivery maneuver, the posterior arm
of the neonate model was positioned extending out of the birth canal
at the start of the simulation (Fig. 6).

During each simulation, the maternal endogenous force applied to
the neonate’s upper torso was incremented by SN until delivery was
achieved, starting from ON. Delivery was defined as when the
neonate’s anterior shoulder cleared the maternal symphysis pubis,
indicating alleviation of the obstruction, which was visually
identified in MADPost, the software’s postprocessor (Fig. 7) [26].
For each simulated condition, the minimum delivery force and the
maximum BP strain, defined as BP strain in this study, was recorded.
BP strain was calculated as the percent change in length of the BP
(Al relative to the initial length of the BP, /;, (i.e., 7.5 cm) as shown
in Eq. (1) [26]

Al
BP strain % = T x 100 (D

1

The sensitivity analysis was performed to understand the effects
of variations in BP stiffness on the resulting BP strain. BP stiffness
was changed by =10% in the lithotomy alone position (without any
additional neonate maneuvers), and the minimum delivery force and
the maximum BP strain were recorded. Based on data from neonatal
piglet BP studies [20], the range of stiffness values did not vary more
than 10% of the average stiffness value for the MSC used in the
current model.

Results

MADYMO models of a neonate and maternal pelvis were used to
simulate the lithotomy position, application of SPPs (40N, 80N, or
140N), oblique position, and posterior arm delivery maneuvers. In
each simulation, the maternal delivery force was measured as the
minimum force required to achieve delivery. Delivery was
confirmed when the obstruction of the neonatal anterior shoulder
behind the maternal pelvis was alleviated. At the time of alleviation,
the resulting BP strain was also measured. Starting with ON of
delivery force applied to the torso of the neonate, simulating no
maternal expulsive forces through uterine contractions or Valsalva,
the force was incremented by 5N until delivery of the neonate’s
anterior shoulder was observed. Required delivery forces and the
resulting BP strain observed during various simulations are shown in
Table 1.

The force required for delivery and resulting BP strain was
dependent on the simulated maneuver. The lithotomy alone position

(b)
Maternal Pubic
Symphysis

Neonatal
Anterior
Shoulder

Fig. 7 The models at the beginning (a) and end of the simulation when delivery of the neonatal anterior

shoulder is achieved (b)
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Table 1 Required maternal delivery force and resulting brachial plexus strain for each maneuver simulation applied in the lithotomy

position and its comparison to previously reported study [26]

Current study

2010 study [26]

Required Reduction Required Reduction in
delivery Resulting in BP strain delivery Resulting BP strain
force BP strain from lithotomy force BP strain from lithotomy
Maneuver/position (N) (%) position (%) N) (%) position (%)
Lithotomy 140 19.22 — 75 135 —
SPP 40N 120 16.36 14.88 65 11.5 14.8
SPP 80N 80 16.27 15.35 55 10.8 20
SPP 140N 75 15.71 18.26 45 10.4 23
Oblique 30 11.11 42.20 40 10.5 222
Posterior arm delivery 5 8.39 56.35 15 3.9 71.1

Table 2 Sensitivity analysis investigating the effects of varying
BP stiffness (+/—10%) on BP strain during lithotomy alone
position

BP stiffness (N/m) Required delivery force (N) Resulting BP strain (%)

240.46 (—10%) 140 19.480
267.18 140 19.220
293.90 (+10%) 140 18.911

was treated as the baseline position and required 140N of maternal
force to deliver the anterior shoulder with a neonatal BP strain of
19.22%, as shown in Table 1. Each of the successive maneuvers
reported a decrease in both the required delivery force and resulting
neonatal BP strain. The three independent simulations of different
magnitudes of SPP forces (40N, 80N, or 140N) reported that as the
applied SPP force increased, the required maternal delivery force
and neonatal BP strain decreased. A reduction in both delivery force
and neonatal BP strain was also observed in the oblique position,
with a further decrease in the delivery force and neonatal BP strain
during the posterior arm delivery maneuver.

The percentage reductions in the neonatal BP strain during the
maneuvers when compared to the lithotomy alone are also
summarized in Table 1. SPP forces of 40N, 80N, or 140N resulted
in 14.88%, 15.35%, and 18.26% reduction in the BP strain,
respectively, when compared to the lithotomy position. The oblique
position led to a further reduction of 42.20% in BP strain, when
compared to the lithotomy position. The lowest BP strain was
observed during posterior arm delivery with a 56.35% reduction in
BP strain when compared to the lithotomy position. The required
delivery force also followed a similar trend.

The results of the sensitivity analysis investigating the effects of
varying BP stiffness on BP strain during lithotomy alone position are
shown in Table 2. The lithotomy position was simulated without any
additional neonate maneuvers. The stiffness of the modeled BP was
increased and decreased by 10% to demonstrate how sensitive the
models were to the BP biomechanical properties.

Discussion

When shoulder dystocia occurs, it is essential that it be managed
quickly, and carefully before serious injuries can occur to the mother
or the neonate. Investigational clinical studies that can improve the
clinical management of shoulder dystocia are not feasible due to
ethical limitations and technical challenges within the clinical
environment. Computational models like MADYMO serve as promis-
ing surrogates in providing predictive information about BP strain
while simulating delivery maneuvers that are utilized during
complicated delivery scenarios [20,26]. This study aimed to develop
highly biofidelic MaDYMO models of the neonate and maternal pelvis
by making significant improvements to previously developed
MADYMO models including the resizing and reorientation of the
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neonate model [23,26,29,30]. The model improvements included
the sizing and orientation of the neonate model, anatomical location
of the neonatal BP, force—displacement properties of the neonatal
BP that were obtained from neonatal piglet MSC BP nerve, and the
method of applying gravity to the models.

Furthermore, the study also aimed to report the BP strain
responses in an array of widely utilized clinical maneuver
simulations that are commonly employed and widely reported in
the management of shoulder dystocia. The sequential neonate-
focused maneuvers simulated independently in this study are
clinically relevant and have been developed, practiced, and
traditionally taught for the management of shoulder dystocia [3].
The simulated maneuvers demonstrated a trend between clinically
applied delivery maneuvers and the minimum required delivery
force and resulting neonatal BP strain. The lithotomy alone position
resulted in the largest force required to deliver the neonate’s anterior
shoulder and the greatest amount of neonatal BP strain. This
relationship between the applied maternal force and BP strain is
expected, as there is advancement of the spine-neck-head complex,
while the shoulder is restrained behind the maternal pelvis (Fig. 7).
When 40N of SPP was applied, the required delivery force
decreased, and neonatal BP strain was reduced by about 15%
compared to the lithotomy alone simulation. The reduction was due
to the downward force directly applied over the obstructed neonatal
shoulder that moved the shoulder toward the maternal spine and
under the symphysis pubis bone, thus alleviating the obstruction
[18,33]. A further reduction in both required delivery force and
neonatal BP strain was observed as the SPP force was applied.
Furthermore, an increase in SPP force applied above the shoulder
resulted in less interaction between the shoulder and the symphysis
pubis, causing the contact force-driven neonatal BP strain to
decrease [29,30]. The result of this simulation is shown in Fig. 8,

Maternal Pubic
Symphysis

Neonatal
Anterior
Shoulder

Fig.8 Delivery simulation of 140N of suprapubic pressure (SPP)
force applied above the neonatal shoulder
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where a noticeable downward trajectory is observed due to the
downward force applied by the clinician. A reduction in the required
delivery force was also observed as the applied SPP force increased.

In clinical scenarios, the oblique position of the infant can be
achieved when the clinician applies pressure to the anterior aspect of
the posterior shoulder (Wood’s screw) or the posterior aspect of the
anterior shoulder (Rubin II maneuver) to rotate the neonate in a
corkscrew-like motion by about 30 deg [3,12,34]. For this study, a
similar simulation was performed, where the neonatal model was
rotated 30 deg clockwise — moving the anterior shoulder toward the
posterior aspect of the maternal pelvis. In the current study, the
rotational maneuvers, modeled by the oblique positioning, reported
a further reduction in the required delivery force and neonatal BP
strain when compared to the application of SPP forces (32%
reduction from SPP of 40N, 29% reduction from SPP of 140N) and
lithotomy alone (42% reduction) simulations. The observed
reduction in the oblique position can be attributed to the alignment
of the neonate’s shoulder width, or the bisacromial diameter, with
the maternal pelvis’ oblique diameter [21]. The oblique diameter of
the maternal pelvis is the largest measurement of the diagonal space
between the left and right halves of the pelvis and is larger than the
obstetric conjugate, which is the smallest of the diameters of the
pelvis. In the simulations of the maneuvers in this study, except for
the oblique position, the bisacromial diameter of the neonate model
aligned with the obstetric conjugate of the pelvis model [1,6].

The posterior arm delivery maneuver simulation, in this study,
resulted in the smallest amount of required delivery force and
neonatal BP strain. This was due to the reduction in the effective
shoulder width after delivery of the posterior arm. Although this
maneuver is the most invasive clinically and has an increased risk of
neonatal humerus fracture, it effectively reduces the shoulder width
by about 2 cm that helps achieve delivery [13].

The trends in the required delivery force and BP strain reported
during various simulated maneuvers were similar between the
current study and Grimm et al. [26], which looked at the effect of
the maneuvers when clinician-applied, axial traction delivered the
infant. Both studies demonstrated a decrease in BP strain as the
magnitude of the SPP force increased [26]. The oblique maneuver
resulted in the second greatest reduction in BP strain with 22.2%
(maternal forces) and 42.2% (clinician-applied forces), in both the
previous studies as well as the current study, respectively, when
compared to delivery in the lithotomy alone position [26]. Finally,
the posterior arm delivery maneuver also resulted in the greatest
reduction in BP strain in both studies. Grimm et al. reported a 71.1%
decrease in BP strain with posterior arm delivery when compared to
the delivery facilitated by clinician-applied, axial traction in
lithotomy position [26]. The current study also resulted in a 56.3%
decrease in BP strain when maternal forces deliver the infant in the
posterior arm position. The findings of the current study are also
consistent with literature findings that report oblique and posterior
arm delivery maneuvers to be effective in managing shoulder
dystocia [17].

There are some limitations of the current study that are attributed
to all computational modeling approaches. Clinically, there is high
variability among cases including variability in anatomy, geometry,
size, and shoulder dystocia occurrence, which cannot be captured in
the computational models. Another limitation is the independently
modeled simulations, while it has been reported that the risk of
neonatal BP injury increases as the number of maneuvers performed
successively increases [17]. The current study is limited in its
approach and does not include the results of multiple sequential
maneuvers.

Despite its limitations, the improved models used in this study
offer useful insights into the effects of currently employed clinical
maneuvers that help manage shoulder dystocia during complicated
deliveries. Future studies can continue to utilize these models and
investigate additional maneuvers, including the McRoberts maneu-
ver, which is also commonly used during shoulder dystocia events.
The McRoberts maneuver considers the orientation of the maternal
pelvis and is therefore not a neonate-focused maneuver but should

021009-6 / Vol. 146, FEBRUARY 2024

be included in future modeling studies. The combination of oblique
positioning and SPP may also be simulated as literature has reported
a further reduction of BP strain when applied in conjunction
[12,13,35]. Studies can also focus on further enhancing the neonatal
model by including in vivo BP biomechanical properties of a
neonatal large animal model, thereby allowing the MADYMO model to
more closely replicate the human BP responses. The utilized BP data
reported in the Singh et al. study reported the in vitro BP properties
[26]. In vivo BP failure data are currently unavailable and may vary
from in vitro responses due to differences in loading and boundary
conditions between in vivo and in vitro environments. Furthermore,
future studies can correlate the obtained BP strain data with
functional and structural injury thresholds, thereby enhancing the
models’ injury prediction abilities [36—38]. These developed
computational models can serve as clinical investigational as well
as educational tools that guide the development and training of
delivery maneuvers that are effective in managing shoulder dystocia
[39-41]. Alternative modeling approaches including Finite element
(FE) modeling can also be beneficial in creating more robust neonate
and maternal pelvis models that include soft tissue structures that
play an important role in delivery mechanics and resulting BP strains
[22,42]. The mabYMO modeling software is limited in its ability to
define soft tissue properties which would more effectively be
defined using FE modeling. These FE models can also incorporate
patient-specific morphology as previous models were developed for
pediatric scoliosis [43—46].
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