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Evaluation of force applied during deliveries complicated
by shoulder dystocia using simulation

Shad H. Deering, MD; Leslie Weeks, MD; Thomas Benedetti, MD

OBJECTIVE: We sought to objectively evaluate the amount of force ap-
plied during deliveries complicated by shoulder dystocia among differ-
ent providers.

STUDY DESIGN: Providers who do deliveries at our institution were ap-
proached for participation. The simulation exercise used a childbirth
mannequin that measures the amount of force the provider applies to
ihe fetal head during delivery. The amount of force applied and informa-
tion regarding the provider's level of experience, height, weight, and
gender was recorded. This study was approved by the hospital institu-
fional review board.

RESULTS: A total of 47 providers participated. The mean force applisd
during each situation was not associated with the provider's experi-
ence, height, weight, or gender.

CONCLUSION: Provider experience, gender, and body habitus were not
assoclated with the amount of force applied during delivery. We found
differences between family medicine and obstetrics/gynecology provid-
ers. In addition, a significant number of all providers (19/47, 40%)
pulled >100 N.
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houlder dystocia occurs when the

anterior fetal shoulder becomes im-
pacted behind the pubic symphysis. This
complication occurs in up to 2% of all
vaginal deliveries and may be associated
with significant long-term complica-
tions to include brachial plexus injuries,
clavicular fracture, hypoxic brain injury,
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neonatal death, and significant maternal
lacerations.'

There are several studies that have be-
gun to explore the forces applied to the
fetal head and neck during different de-
livery scenarios, both simulated and real,
in an effort to better understand and
manage the emergency of shoulder
dystocia. Albeit a rather arbitrary cutoff,
100 N has generally been accepted as the
maximum force that should be applied
during a delivery. This number comes
from a study done by Allen et al* that
demonstrated that 99.89 N of force re-
sulted in a brachial plexus injury and cla-
vicular fracturein 1 delivery complicated
by shoulder dystocia. A recent United
Kingdom study by Crofts et al® used a
mannequin to evaluate forces applied by
midwives and physicians during a simu-
lated shoulder dystocia scenario. Deliv-
ery, which in their study required deliv-
ery of the posterior arm, was achieved in
only 42.5% of the simulations prior to
training. Forces that exceeded 100 N
were used in two-thirds of the simula-
tions. This study would suggest that spe-
cific training in management of shoulder
dystocia might enable providers to use
maneuwvers rather than resorting to in-
creased forces to resolve a shoulder
dystocia.
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Because of the significant differences
between obstetric practice and providers
in the United States vs the United King-
dom, most notably the greater preva-
lence of midwives for routine deliveries,
we undertook this study to evaluate the
forces applied during spontaneous vagi-
nal delivery and those complicated by
shoulder dystocia in our provider popu-
lation. Qur study was also designed to
take into account additional variables
that could potentially influence the
amount of force applied to include a pro-
vider’s specialty, level of training, per-
sonal experience with this emergency,
gender, and body habitus.

MATERIALS AND METHODS
This protocol was approved by the hos-
pital institutional review board. Provid-
ers at Madigan Army Medical Center
who regularly perform deliveries, to in-
clude obstetrics and gynecology staff,
obstetrics and gynecology residents, cer-
tified nurse midwives, family medicine
staff, and family medicine residents,
were recruited for the study either dur-
ing normal departmental morning re-
port or scheduled academic time. In-
formed consent was obtained prior to
enrollment.

A commercially available childbirth
simulator (PROMPT birthing trainer;
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FIGURE 1 :
Force feedback model in use
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Limbs and Things Ltd, Bristol, United
Kingdom) was used, which measures the
force in newtons applied to the infant’s
head during delivery. This simulator and
the internal force measurement mecha-
nism have been described in detail in a
previous publication.®> The mannequin
was positioned on an examination table
either in clinic or on labor and delivery.
Prior to beginning the simulation, inves-
tigators recorded information about the
following for each participant: gender,
height, weight, body mass index (BMI),
nummber of deliveries performed, num-
ber of shoulder dystocias managed, prac-
tice specialty, and level of training.
Participants were allowed to sit or
stand as they usually do during a deliv-
ery; they were also allowed to adjust the
examination table to their preferred
height. The infant head was always
placed in the left occiput anterior posi-
tion (Figure 1). Participants were ad-
vised not to expect descent of the fetus or
resolution of the dystocia, as the purpose
of the study was not to achieve delivery
but to determine how hard they believed
they normally pulled on the fetal head
during the situations presented. Partici-

pants were instructed to pull as hard as
they usually do: (1) during a normal vag-
inal delivery, (2} to diagnose a shoulder
dystocia, {3} with application of McRob-
erts position and suprapubic pressure to
resolve a shoulder dystocia, and (4) prior
to abandoning attempts at vaginal birth
and performing the Zavanelli maneuver.
The peak force for each of these pulls was
then added together to calculate the total
peak force applied, which was included
to determine if there was any summative
difference that might not be seen be-
tween the individual pulls. These 4 sce-
narios were explained to participants
before starting the simulations. After
simulation was completed, feedback was
given to the participants regarding how
hard they pulled in each situation. An ex-
ample of the feedback output recorded
by the software can be seen in Figure 2.
Statistical analysis was then performed
using software (SPSS; SPSS Inc, Chicago,
IL) to evaluate how the above-men-
tioned personal identifiers affected force
applied during the 4 scenarios and
included both regression analysis as well
as the Student t test as appropriate.

A P value of = .05 was considered
significant.

RESULTS

We enrolled a total of 47 providers in-
cluding 15 obstetric staff (including 3
certified nurse midwives), 14 obstetric
residents, 8 family medicine staff, and 10
family medicine residents. See Table 1
for additional demographics to include
gender, height, weight, and BMIL. Of 47
participants, 32 (68%) had performed
>100 vaginal deliveries, and experience
with shoulder dystocia is represented in
Figure 3 divided by specialty.

When regression analysis was per-
formed, gender, height, weight, BMI,
number of deliveries managed, and
number of dystocias managed were not
significantly associated with the amount
of force applied during any of the 4 sim-
ulated delivery scenarios or the total
force applied. A post hoc power analysis
found that the current study had an ob-
served power between 0.85-0.88 to de-
tect a difference for the 4 different deliv-
ery scenarios and total force applied.

‘When the providers were divided by
practice specialty (family medicine vs
obstetrics) there were significant differ-
ences noted in the amount of force ap-
plied to the fetal head during a normal
delivery (38.4 vs 22.76 N, respectively;
P = 05) and for the diagnosis of shoul-
der dystocia as well (60.2 vs 38.3 N, re-
spectively; P = .05). There were no sig-
nificant differences noted in the amount
of force applied after initial maneuvers,
the maximum amount of force applied,
or the sum of the total peak forces ap-
plied during the simulation (Table 2).

With regard to the maximum amount
of force providers were willing to apply,
40% of providers {19/47) pulled at least
100 N at some point during the simu-
fated deliveries and nearly 15% (7/47)
pulled >150 N. When we looked at these
results by specialty there was not a signif-
icant difference (family medicine pro-
viders 44% [8/18] vs obstetric providers
38% [11/29]); P = .65) who were willing
to pull =100 N during the simulation.

Table 3 summarizes the amount of
force applied by all providers.
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FIGURE 2
Force feedback graph example
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COMMENT

Based on our study, gender, body habi-
tus, and provider experience were not
predictive of how much force a provider
applies on the fetal head during a simu-
lated vaginal delivery or shoulder dysto-
cia. Our study demonstrated that on av-
erage, family medicine providers pulled
slightly harder on the fetal head during
normal deliveries and to diagnose a

BT
Provider demographics
Demographic n
Male 22
Female 25
Mean height, in 67.8
Mean weight, Ib 161
Mean BMI, kg/m? 24
BMY, body mass index,
Deering. Force applied during simulated should

dystocia deliveries. Am J Obstet Gynecol 201 1.

shoulder dystocia than obstetrics and gy-
necology providers, but well below the
100 N cutoff for these situations. Addi-
tionally, we found that a significant
number of providers pulled >100 N
during the simulation, which is consis-

FIGURE 3

tent with previously published data from
the United Kingdom.”

Because one cannot accurately predict
when a shoulder dystocia will occur, it is
critical for delivering providers to be
proficient in managing this emergency

Number of shoulder dystocias managed by type of provider .

12

—_
o

Fam Med

& Obstet

Number providers

QO N MO @

0 1t0 3 4t06

Fam Med, family medicing provider; Obstel, obstefic provider.

Tto @ >10

Number managed

Deering. Force applied during simulated shoulder dystocia deliveries. Am J Obstet Gynecol 2011.

234.63 American Journal of Obstetrics & Gynecology MARCH 2011



www.AJOG.org

Obstetrics RESEARCH

TARLE 2

Comparison of family medicine and o_bstétric 'providers

Variable Normal delivery Diagnose dystocia Initial maneuvers Maximum for dystocia Total force
Family medicine providers (n = 18) 38.4 = 31N 60.2 - 38N 760+x41N 98.0 59N 2728 - 156 N
Obstetric providers (n = 29} 227 X 22N 383 + 38N 620 50N 89.1 = 52N 2122+ 148N
Pvalue .05 .05 .32 59 19

Deering. Force applied during simulated shoulder dystocin deliveries. Am J Obstet Gynecol 2011. )

to minimize tragic outcomes for mother
and baby. There is evidence in the litera-
ture that training for this complication
can not only improve resident perfor-
mance, but actually decrease the inci-
dence of brachial plexus injuries.5® With
access to new birthing simulators that
can measure force, current simulation
training may be augmented and feed-
back given. While traditional teaching
has largely been to attribute brachial
plexus injury to physician-applied force,
recent experimental and clinical data
bring this assertion into question.

There has been a significant amount of
controversy regarding what the maximum
amount of force that can be applied safely
during delivery should be. The cutoff of
100 N comes from the peak force recorded
by Allen et al* during an actual shoulder
dystocia that resulted in a transient neona-
tal brachial plexus injury. [t is probably an
unreasonable assumption that this single
reported value should be used as a stan-
dard to measure when “excessive” force is
applied during delivery. While the amount
of force used may be related to the inci-
dence of brachial plexus injury, more study
in this area is warranted given the fact that
a significant number of providers in the
studies done to date pulled >100 N. If
both our simulation and those reported by
Crofts et al® reflect actual clinical practice,
then when a shoulder dystocia occurs the

majority of infants (>60%) may be ex-
posed to >100 N of force while few have
recognizable injuries at birth and even
fewer have permanent impairment. Addi-
tionally, at least 3 recent reports have been
published where both transient and per-
manent brachial plexus injuries have re-
sulted from documented unassisted deliv-
eries and cesarean section.” !

Given these findings it is necessary to
consider additional variables when at-
tempting to determine what factors may
result in some babies having permanent
injuries while others do not. While the
potential for physician-applied force to
play a part in stretching the brachial
plexus cannot be ignored, other factors
such as prolonged exposure to labor, fe-
tal shoulder size, mechanical issues, and
even biologic variability in the propen-
sity for brachial plexus injury must be
considered. Another suggested possibil-
ity involves the rate at which force is ap-
plied rather than the amount of force
used.” When all of these factors are taken
into consideration, a simple cutoff for
how much force is used, such as the ar-
bitrary level of 100 N, is probably not
useful.

When considering why family medi-
cine physicians pulled harder for both a
spontaneous vaginal delivery and to di-
agnose a shoulder dystocia, it is possible
that this is because performing a cesar-

ean section is not within their scope of
practice. The lack of another option to
achieve delivery in a timely manner may
result in these providers applying more
force than an obstetrician who has the
additional ability to perform a Zavanelli
maneuver, which replaces the fetal head
back into the uterus and is then followed
by an urgent cesarean section to allow
delivery. Another potential reason may
be simply that this is how our staff train
their residents to perform deliveries at
our institution. Regardless of the reason,
it is very important to note that even
though family medicine providers pulled
harder than obstetricians for a spontane-
ous vaginal delivery and to diagnose a
shoulder dystocia, there was not a signif-
icant difference in either the maximum
or total peak amount of force that they
applied, and no difference in the per-
centage who pulled >100 N. In other
words, the mean force applied during
this simulated emergency situation was
still within the same range as the obste-
tricians with regard to peak forces used.

While we acknowledge that there are
limitations to this study, including the
fact that we only sampled providers from
a single institution, we believe that the
number of providers and their levels of
experience are representative of general
practice patterns within the United
States. In addition, we recognize that the

~

TABLEZ

Summary of forces appliéd n =47

Variable Normmal delivery Diagnose dystocia  Initial maneuvers Maximum for dystocia  Totat force
Mean force, all providers 287 £ 27N 476 + 38N 674 = 47 N 925 = 55N 2354 + 153N
No. of providers who pulled >100N 1 4 1 19 N/A

No. of providers who pulled >150N 0 1 2 7 N/A

/A, nonapplicable.

Deering. Force applied during si
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simutator and methods we used cannot
completely simulate or measure either
the actual forces applied to the fetal bra-
chial plexus or the stress encountered
during an actual shoulder dystocia.
However, because lateral flexion of the
head of the birthing fetus simulator does
increase the travel of the central internal
cable that measures forces, both lateral
and axial forces were measured by the
strain gauge. The force levels that we ob-
served were also comparable to those
seen in studies done with actual deliver-
ies.'* Strengths of our study include that
it was conducted in a prospective man-
ner and that the same investigators ran
all of the simulations in a standardized
fashion.

Although our study was conducted
somewhat differently than the study by
Crofts et al,” the equipment used was the
same and there are enough similarities to
make it reasonable to compare at least
some of the results of the 2 studies. In
reviewing their findings we noted some
potentially significant sirnilarities and
differences in comparing the amount of
force applied by our providers to that in
their study. For example, the mean max-
imum force applied before shoulder
dystocia maneuvers were used was 47 N
in their study vs 46.7 N in our popula-
tion. However, the percentage of provid-
ers who pulled >100 N during their sim-
ulated shoulder dystocia was 66% (75/
113), which was higher than the 40%
{(19/47) in our study. The difference may
be due to the fact that their study in-

volved a simulated drill complete with
evoked stress and adrenaline while ours
involved 4 distinct pulls in a more con-
trolled environment.

At our institution, it does not appear
that height, weight, BMI, or provider ex-
perience are related to how much force
providers exert during vaginal delivery
or during a delivery complicated by
shoulder dystocia. These findings are
also consistent with findings in a previ-
ous study by Allen et al'* that used a dif-
ferent type of simulator in a laboratory
and found that the amount of force ap-
plied was not associated with clinician
gender or experience. While a large
number of providers pulled >100 N,
there is controversy as to the significance
and validity of this cutoff with regard to
causing fetal injury. Further research in
this area is needed to better determine
what factors other than just the maxi-
mum physician-applied force may be re-
lated to brachial plexus injuries and if
there is a more reasonable cutoff that is
associated with fetal injury so that this
model may be used to better train physi-
cians in the management of shoulder
dystocia. B
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