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Abstract

Background There is a paucity of prospective data related to surgeon ergonomics, which affects career longevity. Robotic
surgical systems may mitigate pain and workload. We hypothesized that ergonomic outcomes would vary based on surgeon
height and gender, and the relative benefit of robotic surgery would vary based on these demographics.

Methods Surgeons received questionnaires to fill out immediately before and after surgery to enable calculation of pain
scores and task load. Surgeons who were <66 inches tall were considered “short”. Univariable and multivariable regression
analyses were performed where appropriate using Stata-MP version 14.2 (StataCorp LLC, College Station, TX).

Results There were 124 questionnaires given to 20 surgeons; 97 (78%) were returned, and 12 (12%) laparoscopic opera-
tions were excluded, leaving 85 (69%) questionnaires for further analysis: 33 (38%) from short surgeons, and 24 (28%) from
women, for 30 (35%) robotic and 55 (65%) open operations. There were 44/85 (52%) surgeons who reported worse pain after
surgery. Overall pain scores (1.1+2.6 vs 1.5+2.6, p=0.70) were similar for robotic and open operations. In multivariable
analysis, greater surgeon pain scores were significantly associated with short surgeons (p <0.001), male surgeons (p <0.001),
and long operative times (p =0.03). Physical demand was lower for robot vs open operations (median 10 vs 13, p=0.03).
When short surgeons (p =0.04) and male surgeons (p =0.03) were examined as sub-groups, lower physical demand dur-
ing robotic operations persisted, but was lost when only examining tall surgeons (p =0.07) and female surgeons (p =0.13).
Conclusions Short surgeons and male surgeons reported significantly more pain after both open and robotic operations but
had less physical demand when using the robotic system. Future work should focus on mitigation of surgeon height-related
factors and seek to understand ergonomic gender differences beyond height.
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Introduction

Surgeon ergonomics affects career longevity. Up to 40%
of surgeons report work-related musculoskeletal injures,
and approximately half seek treatment [1]. Injuries may
lead to missed work, fewer operations being performed,
and impaired performance in the operating room [2]. Thus,
while the surgical field has historically fostered a culture of
self-sacrifice [1], many surgeons believe this an important
subject to examine [3]. Robotic surgery is increasingly being
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used [4], and given an absence of data to demonstrate robotic
superiority [5] with additional concerns about cost [6], many
arguments in favor of robotic surgery are related to surgeon
comfort [7-9]. Prospective ergonomic data from surgeons
are sparse. Most surgeons report pain is greater during open
compared to robotic operations [10] given the ergonomic
advantages of robotic surgery. Namely, the operative surgeon
is sitting down un-scrubbed, performing surgery by look-
ing into a zoomed in three-dimensional video display, using
pincer hand controls and foot pedals. Beyond the ability to
sit and rest one’s arms during robotic procedures, discomfort
related to table height [3] and instrument size/weight [11]
are avoided. We therefore hypothesized that surgeon height
would affect surgeon discomfort related to operating, and
that ergonomic benefit from the robot would vary based on
surgeon height. Since female and male surgeons often have
different height [11], we further hypothesized that there
would be a differential ergonomic benefit from the robotic
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platform based on gender. To evaluate this, we prospectively
collected data from surgeons including demographics, body
discomfort before and after surgery, procedure-specific
information, and mental and physical task load related to
performing the surgery.

Methods

Over a one-month period, surgeons were provided with
questionnaires to fill out immediately before and after sur-
gery. Information regarding surgeon demographics, the sur-
gery performed, intraoperative ergonomics, and task load
during surgery were queried. All robotic operations were
performed using either the da Vinci Xi or Si robotic system
(Intuitive Surgical, Inc., Sunnyvale, CA). While individual
surgeons were noted as first time or repeat participants when
they were given blank questionnaires to enable a participant
count, there were no patient or surgeon identifiers on the
questionnaires, allowing for anonymous completion. Com-
pleted questionnaires were returned either to the first author
or placed in a locked box in the surgeon dictation room.

A. Body Part Discomfort Scale

f
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Score Pain level
0/blank [ No pain
1 Minimal pain
2 Moderate pain
3 Significant pain
4 Severe pain

A drop in questionnaire return rates was noted during the
study; this was addressed after 44 questionnaires had been
collected by giving surgeons a $5 gift card with the question-
naire as an incentive to complete and return.

Pain was ranked on the questionnaire before and after
surgery using the Body Part Discomfort scale [12] (Fig. 1A).
Pain was scored from O (no pain) to 4 (severe pain) to cal-
culate a pain score (pre-surgery minus post-surgery pain),
which was then categorized as better, the same, or worse
pain after surgery for the entire body, and for the following
body areas: neck/shoulders, upper back, lower back, arms,
and legs. Task loads were assessed on the questionnaire after
surgery using the National Aeronautics and Space Adminis-
tration (NASA) Task Load Index (Fig. 1B), which measures
mental demand, physical demand, temporal demand, per-
formance, effort, and frustration [13]. Raw scores for each
task load type range from 1 (no demand) to 20 (maximum
demand), and total task load ranges from 6 (no demand for
all task load types) to 120 (maximum demand on all task
load types). Surgeons who were <66 inches tall were con-
sidered short (below average adult height in the US [14]).
Obesity was defined by body mass index [15].

B. NASA Task Load Index

Mental Demand How mentally demanding was the task?

Lottty
Very high

Very low
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Very low

How physically demanding was the task?
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Temporal Demand How rushed was the pace of the task?
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How successful were you in accomplishing

Performance what you wanted to do?
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Perfect Failure

How hard did you have to work to accomplish

Effort your level of performance?
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How insecure, discouraged, irritated, stressed

Frustration or annoyed were you?
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Fig. 1 Metrics used in questionnaires. A The Body Part Discomfort Scale [12]. Circles represent joints and squares represent muscles. B NASA

Task Load Index [13]
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Chi-squared analysis, Z-score, Student’s T-test,
Mann—Whitney, Kolmogorov—Smirnov, univariable and
multivariable linear and logistic regression analyses with
and without interaction were performed where appropriate
using Stata-MP version 14.2 (StataCorp LLC, College Sta-
tion, TX). Initial selection of variables within models were
theory driven and optimized using Akaike and Bayesian
information criteria. This study was reviewed by the insti-
tutional review board (IRB) and determined to be exempt.
Per the IRB, all surgeons who were provided with a ques-
tionnaire were also provided with a form explaining their
implied consent by completing the survey and returning it.

Results

There were 124 questionnaires given to 20 surgeons;
97 (78%) were returned. Laparoscopic operations were
excluded (n=12), leaving 85 questionnaires for further anal-
ysis: 33 (38%) from shorter surgeons (< 66 inches tall), and
24 (28%) from women, for 30 (35%) robotic and 55 (65%)
open operations (Table 1). Robotic surgery was more often
used by surgeons age 41-50 years old (p=0.03), by sur-
geons with higher monthly operative volume (p =0.05), and
when surgery was performed in the lower abdomen/pelvis
(»<0.001). Surgical times were lower for robotic operations
(3.1+0.5vs4.2+0.7 h, p=0.04); however, median surgical
time for all operations was 3 h, and there were similar num-
bers of short (<3 h) and long (3 +hours) operations in the
open and robotic surgical groups (p =0.25). During robotic
operations, surgeons less often used a step stool (< 0.001),
and less often took a 5 min or longer break during surgery
(p=0.05). Additional characteristics including surgeon gen-
der, surgeon height, patient BMI, and estimated blood loss
were similar between captured robotic and open operations.

Surgeon pain scores

There were 44/85 (52%) surgeons who reported worse pain
after surgery. Overall average pain scores (1.1 +2.6 vs
1.5+2.6, p=0.70) were similar for robotic and open opera-
tions. Pain scores by specific body area were further com-
pared by height, gender, and operative approach (Fig. 2).
The primary affected body areas were the neck/shoulders
and lower back. Short surgeons had greater upper back
(p=0.01), lower back (p=0.04), lower extremity (p =0.04),
and neck/shoulder pain (p =0.001). There was also a dif-
ference in lower back pain for open versus robotic surgery
(p=0.006). Specifically, a greater number of surgeons had
increased lower back pain after performing robotic surgery
(40% vs 27%), but some surgeons conversely reported an
improvement in lower back pain after robotic surgery, a phe-
nomenon which did not occur after open surgery (13% vs
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0%). Of note, differences in hand/arm pain scores by group
were not observed.

Regression analysis was performed to compare overall
pain scores by surgeon and surgery variables (Table 2). In
univariable analysis, greater surgeon pain scores were sig-
nificantly associated with long operative times (p =0.02). In
multivariable analysis, greater surgeon pain scores were sig-
nificantly associated with short surgeon stature (p <0.001),
male surgeon gender (p <0.001), and long operative times
(»=0.03). While there were no tall women in the surgeon
cohort, pain differences by gender persisted when only
short surgeons as a sub-group were examined (p =0.002),
and when the model included an interaction between gender
and height (p <0.001), with no additional significant factors
identified.

Surgical task load

Task load histograms are presented in Fig. 3. The median
surgeon task load ratings for mental demand, physi-
cal demand, temporal demand, and effort were lower for
robotic compared to open operations, but this difference
only achieved statistical significance for physical demand
(robot median 10, range 1-16; open median 13, range 1-20,
p=0.03). When shorter surgeons (p =0.04) and male sur-
geons (p =0.03) were examined as sub-groups, lower physi-
cal demand during robotic operations persisted; this associa-
tion was lost when only examining tall surgeons (p =0.07)
and female surgeons (p =0.13).

Overall task load for robotic (median 48, range 6—-106)
and open (median 64, range 9-98) operations were simi-
lar. In multivariable analysis including gender, age, surgeon
height, operative time, operative approach, patient BMI, and
pain score, the only variable significantly associated with
above median overall task load was long operative time
(OR 3.2,95% CI 1.1-9.2, p=0.03). This association per-
sisted when only short surgeons were examined as a sub-
group (OR 15.9, 95% CI 1.2-217.1, p=0.04). Conversely,
when examining only tall surgeons, this association was lost
(p=0.34).

Discussion

The present study is a prospective evaluation of surgeon
task load and pain after performing surgery for 20 surgeons
who performed 85 operations. We found that surgeons <66
inches in height (short surgeons) reported significantly more
pain compared to their taller counterparts after both open
and robotic operations. Men also reported more pain than
women. While there were no tall women in the surgeon
cohort studied, this gender difference persisted in multivari-
able analysis and when only short surgeons were examined.
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Table 1 S.ufgeon a.nd surgery Open (n=55) Robot (n=30) P-value
characteristics for included

questionnaires (n=85) Surgeon characteristics

Surgeon height 0.76
Short, <66 inches (n=33) 22 (40) 11 (37)

Tall,> 66 inches (n=52) 33 (60) 19 (63)

Surgeon gender (n=_84) 0.25
Female (n=24) 18 (33) 6 (20)

Male (n=060) 37 (67) 23 (77)

Glove size 0.12
5.5-6 (n=9) 8 (15) 1(3)

6.5-7 (n=38) 26 (47) 12 (40)
7.5-8 (n=36) 19 (34) 17 (57)
85+ ((n=2) 24 0(0)

Surgeon age (years) 0.03
25-40 (n=5) 4(7) 1(3)

41-50 (n=58) 32(58) 26 (87)
50+ (n=22) 19 (35) 3(10)

Monthly operative volume 0.05

0-5(n=1) 1(2) 0(0)
6-10 (n=18) 16 (29) 27
11-15 (n=19) 13 (24) 6 (20)

15+ (n=47) 25 (45) 22 (73)

Surgery characteristics

Patient BMI (n=82) 0.16
Non-obese, <30 (n=53) 32 (58) 21 (70)

Obese,>30 (n=29) 22 (40) 7 (23)

Operative region <0.001
Head/Neck (n=11) 11 (20) 0(0)

Chest/back (n=14) 10 (18) 4 (13)
Upper abdomen (n=25) 20 (36) 5(17)
Lower abdomen/Pelvis (n=35) 14 (26) 21 (70)

Operative time, min (mean, SD) 252 (44) 185 (30) 0.04
Short,<3 h (n=42) 25 (60) 17 (40) 0.25
Long,>3 h (n=39) 28 (72) 11 (28)

Estimated blood loss (median, range) 100 (5-800) 75 (10-300) 0.14

Was a step stool used <0.001
Yes (n=31) 29 (55) 2(7)

No (n=52) 24 (45) 28 (93)

Did surgeon take > 5 min Break 0.05
Yes (n=15) 13 (24) 2(7)
bNo (n=68) 41 (76) 27 (93)

Additionally, the physical demand component of task load
was rated lower for robotic operations. In sub-group analysis
this finding persisted for shorter surgeons and male surgeons
but was lost for taller surgeons and female surgeons. Thus,
we did find that ergonomics in the operating room differed
by surgeon height and surgeon gender.

Our findings are comparable to previous survey-based
studies, in which more than two thirds of surgeons recall
pain related to performing surgery [1, 10]. There are, how-
ever, some differences. Lee et al. reported the results of
a survey given to general, urologic, and gynecologic sur-
geons, and found no specific demographic associated with
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Fig.2 Frequency of pain reported by body region for A Surgi-
cal approach, B Surgeon gender, and C. Surgeon height. “Better”,
“Same”, and “Worse” refer to the comparison of pain before perform-
ing surgery to pain after performing surgery. The left and right sides

increased pain during robotic surgery other than increased
low back stiffness for those who performed > 200 robotic
cases/year [16]. Plerhoples et al. surveyed robotically trained
surgeons, and found that taller surgeons more often attrib-
uted their pain to open surgery compared to robotic sur-
gery [10]. Sutton et al. surveyed members of the Society
of American Gastrointestinal and Endoscopic Surgeons and
similarly found that taller surgeons as well as male surgeons
more often reported lower back and lower extremity discom-
fort [11]. While the present study also showed increased
pain for male participants, we conversely found that shorter
surgeons experienced more pain and physical demand during
both open and robotic operations. A potential reason for the
difference in findings between survey-based studies and the
present study may be the influence of recall bias and/or the
inability to adjust for surgical time, which we also found sig-
nificantly influenced surgeon pain after performing surgery.

This work does have limitations. Its emphasis is on acute
pain and does not address chronic pain in surgeons present
before surgery that is believed to be work-related. This may
account for a substantial amount of pain experienced by sur-
geons while in the operating room, and is better addressed

@ Springer
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of each graph indicate the variables being compared. Bars extending
further from center indicate increasing percentage of surgeons with a
pain score in that group. Bold* = statistically significant

by longitudinal and survey-based studies [1]. It should also
be noted that we did not compare ergonomic results from
traditional laparoscopic surgery. The primary reason for this
is because our institution was an early adopter of robotic
technology [17] and continues to have a focus on robotic
surgery. As such, the number of operations performed with
traditional laparoscopy were too low to provide meaning-
ful comparisons. We have demonstrated previously that
institutional factors play a role in the use of robotic sur-
gery [18]. This is likely due to the upfront investment and
infrastructure required from the surgeons, operating room
staff, and the institution, which influences surgeon choice of
approach [19]. Survey studies show that surgeons attribute
occupation-related pain most often to laparoscopic surgery
[1, 9-11]. In contrast, prospective studies that evaluate pain
immediately after surgery are less conclusive. A study of
16 post-surgery questionnaires showed no significant differ-
ence in pain, stiffness, or numbness for surgeons performing
open and laparoscopic surgeries [20]. Another study that
performed workplace ergonomic risk assessments on 81 sur-
geons found similar values for those performing open and
laparoscopic operations [21]. Armijo et al. compared neck
and upper extremity electromyography (EMG) activations in
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Table 2 Surgeon pain scores compared by surgeon and surgery specific factors
Pain score (mean, Univariate Pain Score coef-  p-value Multivariable Pain Score p-value
SD) ficient (95% CI) coefficient (95% CI)

Surgeon height

Short, <66 inches (n=33) 2.0(3.5) 1.0 (— 0.18 to 2.18) 0.10 4.73 (2.99-6.47) <0.001

Tall, > 66 inches (n=>52) 0.9 (1.7) Reference Reference
Surgeon gender (n=84)

Female (n=24) 0.7 (3.1) Reference Reference

Male (n=060) 1.6 (2.4) 0.99(— 0.30 to 2.28) 0.13 5.46 (3.59-7.32) <0.001
Surgeon age (years)

50+ 1.5 (1.9) Reference Reference

41-50 1.1 (2.8) —0.33 (- 1.66 to 1.01) 0.16 —0.84 (- 2.11 t0 0.44) 0.20

25-40 342.7) 1.9 (- 0.74 to 4.54) 0.63 231 (—0.43t05.04) 0.10
Patient BMI (n=82)

Non-obese, <30 (n=53) 1.3 (2.8) Reference Reference

Obese, >30 (n=29) 1.2 (2.3) 0.16 (— 0.38 t0 0.71) 0.55 0.19 (- 0.27 to 0.66) 0.41
Operative time

Short,<3 h (n=42) 0.7 (2.2) Reference Reference

Long,>3 h (n=39) 2.13.0) 1.3 (0.2-2.5) 0.02 1.1 (0.1-2.1) 0.03
Surgical approach

Robotic 1.1 (2.6) Reference Reference

Open 1.5(2.6) 0.39 (- 0.83 to 1.62) 0.52 0.22 (- 0.93 to 1.37) 0.70
Total NASA-TLX

Low, <56 (n=43) (n, %) 1.3 (2.2) Reference Reference

High,>56 (n=42) (n, %) 1.4 (3.0) 0.1 (1.0-1.3) 0.83 0.2 (0.8-1.2) 0.70

CI confidence interval, NASA-TLX raw NASA Task Load Index, BMI Body Mass Index. Bold =significant

16 surgeons performing laparoscopic and robotic operations,
and demonstrated that muscle fatigue and self-reported
fatigue were similar [22]. Their work and others corroborate
our finding that robotic surgery is not always “pain free,”
and that further ergonomic optimization may be possible
[16, 22, 23].

To continue nationwide efforts in improving academic
medicine inclusivity [24, 25], future work studying surgi-
cal ergonomics should further examine mitigation of sur-
geon height-related factors. We found that more than 50%

of surgeons used a step stool during open operations; the
issue of table height as it pertains to surgeon ergonomics
has long been known and has been reported to affect both
men and women [11, 26]. Data related to step stool type and
availability, as well as number of steps used may be help-
ful. Additional work should also seek to understand why
male and female surgeon ergonomics might differ beyond
height [1].
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Fig.3 Histograms of the raw NASA Task Load Index components
and total raw NASA Task Load score comparing robotic to open
operations. The x-axis is the task load score, and y-axis is the num-
ber of respondents. Higher numbers on the x-axis indicate increased
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