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Effect of Patient Body Mass Index on Laparoscopic Surgical Ergonomics
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Abstract

Background Minimally invasive surgery may introduce new ergonomic challenges for surgeons. Increased patient body mass
index (BMI) may further add to this ergonomic stress.

Objectives The objective of this study was to quantify the ergonomic impact of patient BMI on surgeons during laparoscopic
surgery.

Setting University Hospital, USA.

Methods This prospective cohort study analyzed five minimally invasive surgeons during 24 laparoscopic procedures. Each
subject’s muscle stress was assessed by recording surface electromyography (EMG) data from eight upper body muscle groups
during laparoscopic procedures. EMG data was normalized against the maximal voluntary contraction (MVC) of each muscle
measured before the start of surgery to create a percentage of the MVC value (%MVC). Subject workload was assessed through
the NASA Task Load Index (NTLX). Statistical analysis was used to determine significance between surgeons operating on
patients with or without obesity for %MVC and NTLX scores.

Results There was no significant difference (p > 0.05) in both the average muscle activation of all eight muscle groups and NTLX
scores during laparoscopic surgery in surgeons operating on patients with BMI > = 30 compared with patients with a BMI < 30.
Conclusions We detected no differences in ergonomic stress or workload for surgeons operating on patients with or without
obesity. For surgeons, the laparoscopic approach may offer an additional advantage over open surgery in patients with obesity.
This advantage may be due to an “equalizing effect” of laparoscopy—that surgical ergonomics are less affected by the BMI of the
patient when using laparoscopic tools.
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Introduction

As techniques for laparoscopic procedures have evolved over
the past 20 years, minimally invasive surgery has become the
mainstay for many surgical procedures. Compared with open
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surgery, minimally invasive surgery offers significant clinical
benefits including lower perioperative morbidity, enhanced
postoperative recovery, and improved cosmesis [1]. As a re-
sult, laparoscopic surgery has become the standard of care for
many common procedures including hernia repairs [2—5], bar-
iatric surgeries [6], and cholecystectomies [7].

The widespread acceptance of minimally invasive surgery has
been accompanied by surgeons experiencing new patterns of
discomfort during laparoscopic procedures. The laparoscopic ap-
proach has new ergonomic challenges that are not present during
open surgery. Previous studies have shown that even experienced
laparoscopic surgeons often suffer from significantly increased
upper extremity muscle discomfort and physical work. Park et al.
reported 87% of surgeons who regularly perform minimally in-
vasive surgery suffer from ergonomic-related occupational injury
[1]. Several factors contribute to the surgeon’s musculoskeletal
stress, including prolonged static head and trunk posture, a
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greater amount of shoulder and upper arm movements using
laparoscopic instruments, and poor mechanical design of laparo-
scopic instruments [8]. These factors could prolong surgery du-
ration and increase muscular and mental fatigue that could lead to
work-related injuries.

Our group has sought to quantify the effect of various fac-
tors on surgical ergonomics. We have previously demonstrat-
ed the role of operative approach on ergonomic stress, such as
robotic vs. laparoscopic and laparoscopic vs. open approaches
[9, 10]. We have also studied the effect of surgical team factors
including primary vs. assistant surgeon [11].

The aim of this study is to quantify the impact of patient
BMI on surgeon ergonomics during laparoscopic surgery. We
hypothesize that operating on patients with obesity will in-
crease the minimally invasive surgeon’s muscular stress in
some or all of the upper body muscle groups (including bicep,
tricep, deltoid, and trapezius) and lead to greater mental and
physical workload.

Materials and Methods

Following approval by the institutional review board, five
attending surgeons with expertise in laparoscopic surgery (>
500 laparoscopic procedures performed) were recruited from
the Department of Surgery and informed consent was obtain-
ed. Data was collected from a total of 24 laparoscopic surger-
ies across three broad categories—benign foregut, abdominal
wall, and general abdominal/solid organ (Table 1). Procedures
were grouped into these categories based on similar patterns
of trocar placement (e.g., upper abdominal and flank) and
complexity. Patient BMI was recorded from the anesthesia
pre-surgery evaluation. Obesity was defined as a BMI > 30.
A Trigno Wireless Electromyography (EMG) system was
used to quantify the activation of each upper body muscle
group. Prior to the beginning of each surgery, surface electrodes
were attached to the subject’s left and right biceps, triceps,
deltoid, and trapezius muscle groups. These muscle groups
were selected to provide continuity and reference points with
other surgical ergonomics studies, in which their activation was
studied [1, 12]. Static maximum voluntary contraction (MVC)
of each muscle group was recorded when the subject was in a
sitting position, which was used as a reference value for

Table 1 Distribution of procedures in study population

Surgical procedure type BMI<30 BMI>30
Benign foregut 12 10
Abdominal wall 3 5

General abdominal 1 1

BMI, body mass index
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calculation of relative muscle activation for each group. EMG
signals were collected simultaneously from all eight channels at
2000 Hz during the course of surgery from the attending sur-
geon. Data collection was terminated when the subject finished
the laparoscopic procedure. The average muscle activation for
each muscle group was calculated using Delsys EMG software
and then normalized as a percentage of the MVC value
(%MVC). This method of obtaining MVC values has been
used in previous studies of surgical ergonomics [11-14].

The surgeon’s physical and mental workload was assessed
following each case using the National Aeronautics and Space
Administration Task Load Index (NTLX) survey, a tool that
allows subjects to self-assess their performances on six sub-
scales including mental demand, physical demand, temporal
demand, performance, effort, and frustration.

Two-sided unpaired Student’s ¢ test were performed
to compare the normally distributed mean NTLX scores.
Two-sided unpaired Mann—Whitney U test was per-
formed to compare the non-normally distributed mean
muscle activation data. A power analysis using the
Gpower computer program indicated that a total sample
of 8 eight would be needed to detect large effects (d=
5) in the mean muscle activation data with 80% power
and alpha at 0.05. Standard error bars were used in the
figures for both the mean muscle activation and NTLX
scores. A p value of <0.05 was considered the thresh-
old for statistical significance.

Results

Roughly equal group sizes were chosen for the study—13 pa-
tients with obesity and 11 patients without obesity. Similarly,
categories and complexities of surgical procedures were com-
parable across groups (Table 1). There was no statistically sig-
nificant difference in %MVC calculated for any muscle group
between patients with vs. without obesity during laparoscopic
procedures: left bicep (4.7+1.4 vs. 2.9+0.8, p=0.08), left
tricep (3.2+1.0 vs. 3.5+ 1.0, p=0.73), left deltoid (4.8 + 1.5
vs. 3.7+ 1.0, p=0.33), left trapezius (11.1£3.4 vs. 9.8+£2.7,
p=0.73), right bicep (4.0£0.9 vs. 4.4+1.2, p=0.60), right
tricep (2.9+£0.9 vs. 4.3+ 1.2, p=0.42), right deltoid (5.2 + 1.6
vs. 5.4+ 1.5, p=0.41), right trapezius (10.1+3.0 vs. 12.6
3.5, p=0.13) (Fig. 1). Similarly, there was no statistically sig-
nificant difference in subjective workload in any of the six
scales of the NTLX between laparoscopic procedures on pa-
tients with vs. without obesity: mental demand (46.1 +8.3 vs.
48.2+6.2, p=0.84), physical demand (48.0+7.9 vs. 52.2+
5.6, p=0.15), hurried or rushed (27.5+5.8 vs. 37.7+3.5, p=
0.37), degree of failure (15.3+£4.0 vs. 20.8+4.6, p=0.37),
effort required (51.2 £8.9 vs. 52.3 £ 6.2, p = 0.88), and insecure
or discouraged (26.6 £6.9 vs. 25.9+ 5.2, p=0.26) (Fig. 2).
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Fig. 1 Mean muscle activations for each muscle group expressed as mean %MVC compared between patients with and without obesity
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Discussion

As laparoscopic procedures become more prevalent, it has
become of increasing importance to address the ergonomical-
ly associated pain and discomfort that affects surgeons utiliz-
ing laparoscopic techniques. Surgical ergonomics has been
pioneered by a series of methodologic and dry-laboratory
studies [12, 14, 15] and subsequently used to analyze multiple
aspects of surgery, including personnel, operative approach,
and training methods [10, 11, 16]. This work is broadly appli-
cable as it utilized routine operative cases and a normal patient
population to identify differences related to the BMI of pa-
tients as the USA continues to see increasing rates of obesity.
This study adds to the growing surgical ergonomics literature
by examining one patient characteristic as a contributor to
surgical stress.

In addition to patient BMI, there are other factors to con-
sider related to the patient, operative approach, and surgical
team, that may contribute to differences in ergonomic stress.
For example, patient body mass index (BMI) has subjectively
been described as adding to the difficulty of a procedure.
Patients with obesity are encountered with increasing frequen-
cy in clinical practice with a concomitant increase in the num-
ber of surgical procedures on patients with obesity [17].
Multiple studies have shown a marked clinical benefit of the
laparoscopic approach compared to the open approach for
patients with obesity [18-20]. However, there has been little
consideration on the effects of laparoscopic procedures for
patients with obesity on surgeons. Potentially, minimally in-
vasive surgeons must exert greater torque and alter their posi-
tioning when operating on patients with obesity. To date, there
has been no published ergonomic literature that describes the
association between operating on patients with obesity and the
laparoscopic surgeon’s muscle stress.

Interestingly, contrary to our hypothesis, our study does not
reveal any significant difference in ergonomic stress or phys-
ical and mental workload for surgeons operating on patients
with vs. without obesity. There are several possible explana-
tions for this finding. Laparoscopic surgery may reduce the
potential difficulties of operating on patients with obesity
through less of a need for gross manipulation of tissue. The
fulcrum effect in laparoscopy created by the relatively fixed
pivot location of the trocar insertion sites may be less affected
by obesity than retraction of incisions in patients with obesity.
Furthermore, the posture and distance of the surgeon from the
operating table may be similar for patients with vs. without
obesity in laparoscopy more than it would be for a similar
comparison in an open procedure. In effect, laparoscopic sur-
gery could have an “equalizing effect” on surgical procedures
in patients with obesity—the surgical ergonomics of laparos-
copy are less impacted by the BMI of the patient than they
might be in a comparable open procedure. This difference
could indicate a further benefit of laparoscopic surgery
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compared to open surgery in patients with obesity, not just
to patients but to surgeons as well. To further explore this
aspect, we plan future studies examining the ergonomic stress
of surgeons when performing equivalent procedures utilizing
the open vs. laparoscopic approach in patients with obesity.

A potential limitation of our study was that surgeon
ergonomics was measured clinically for a variety of types
of laparoscopic procedures. These procedures involved
varying surgical maneuvers and have different durations.
Furthermore, other potential patient characteristics (e.g.,
degree of adhesions and revisional surgery) were not corrected
for. In addition, our study focused on collecting data from the
primary operating surgeons and did not study the surgical
assistant. The role of the attending surgeon versus the surgical
assistant could act as a potential confounding factor. Potential
future study would be to compare ergonomic stress in both
surgeons and surgical assistant during open and laparoscopic
procedures in patients with obesity.

Conclusions

This study adds to the growing literature on surgical ergonom-
ics in different operative settings, types of technology, and
now, for different types of patients. Our study indicated no
difference in ergonomic stress or mental and physical work-
load for surgeons performing laparoscopic procedures on pa-
tients with vs. without obesity. A potential equalizing effect is
seen in laparoscopy where the BMI of the patient does not
impact surgical ergonomics. We believe this is an advantage
of laparoscopic surgery compared to open surgery.
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