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Abstract
Background  Women surgeons may experience more ergonomic challenges while performing surgery. We aimed to assess 
ergonomics between men and women surgeons.
Methods  Laparoscopic surgeons from a single institution were enrolled. Demographics and intraoperative data were col-
lected. Muscle groups were evaluated objectively using surface electromyography (EMG; TrignoTM, Delsys, Inc., Natick, 
MA), and comprised upper trapezius (UT), anterior deltoid, flexor carpi radialis (FCR), and extensor digitorum (ED). 
Comparisons were made between women (W) and men (M) for each muscle group, assessing maximal voluntary contrac-
tion (MVC) and median frequency (MDF). The Piper Fatigue Scale-12 (PFS-12) was used to assess self-perceived fatigue. 
Statistical analyses were performed using SPSS v26.0, α = 0.05.
Results  18 surgeries were recorded (W:8, M:10). Women had higher activation of UT (32% vs 23%, p < 0.001), FCR (33% 
vs 16%, p < 0.001), and ED (13% vs 10%, p < 0.001), and increased effort of ED (90.4 ± 18.13 Hz vs 99.1 ± 17.82 Hz). 
Comparisons were made between W and M for each muscle group, assessing MVC and MDF.
Conclusions  After controlling for surgeon’s height and duration of surgery, an increase in muscle activation was seen for 
women laparoscopic surgeons. Since poor ergonomics could be a major cause of work-related injuries, we must understand 
differences in ergonomics between men and women and evaluate which factors impact these variations.
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Surgeons across all specialties are faced with a high risk of 
debilitating musculoskeletal injury as a direct result of oper-
ating. Musculoskeletal injury is associated with the tasks 
unique to each medical profession, and has been described in 
specialties including urology, dermatology and gynecologi-
cal surgery [1–3]. Ergonomic challenges resulting in injury 
have been described according to surgical approach. Nev-
ertheless, all approaches (open, laparoscopic, and robotic) 
have high rates of work-related musculoskeletal disorders 
and injury [4–6]. Prevalence rates of musculoskeletal dis-
orders associated with surgical careers range between 23 
and 87%, depending on surgical specialty and approach [2]. 
This is suggestive of a highly prevalent, yet understudied 
problem among surgeons. The subsequent discomfort asso-
ciated with ergonomic difficulties can lead to pain, suffering, 
loss of surgical ability, and even worsen patient outcomes if 
uncorrected [5, 7].
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Majority of research groups have explored ergonomics 
within a single specialty. In urology, for example, studies 
have investigated whether different approaches may offer 
a solution to musculoskeletal injury [3]. Other studies 
have investigated level of training as it relates to ergo-
nomics, calling for an emphasis on ergonomics studies 
within surgical residency [8]. Little research has been done 
to investigate factors unique to the workforce itself, such 
as ergonomics impact by gender. One study investigated 
laparoscopic surgeons for gender differences in ergonom-
ics using a 23-item web-based survey [9]. The authors 
found that women surgeons experience more discomfort 
and receive more treatment for hand and wrist pain com-
pared to their men counterparts [9].

There is a body of anecdotal evidence lacking objective 
measurements addressing the issue of gender differences 
in the operating room. Given that women now make up 
over 50% of admitted students in medical school, it is far 
past time to ensure that barriers, such as additional ergo-
nomic challenges in the operating room, are not hindering 
their advancement or belonging in the surgical field [10]. 
Thus, we aimed to determine how self-perceived fatigue 
and objectively measured muscle activation and effort of 
the upper limb differ between men and women surgeons 
performing laparoscopic surgeries.

Material and methods

Study design

Surgeons performing laparoscopic procedures at a single 
institution from June/2017 to August/2017 were enrolled. 
At the time of the study, there were 77 surgeons and 20 
gynecologists associated with the university. Only sur-
geons who were currently performing laparoscopic pro-
cedure and those who were past their learning curve for 
laparoscopic procedures (more than 100 cases performed) 
were selected. Procedures performed by surgical residents 
and procedures that were converted to another surgical 
approach were excluded. Surgeons with current muscu-
loskeletal disorders of the upper limb were also excluded 
from the study. Surgical fields included general surgery, 
transplant, colorectal, obstetrics and gynecology, and urol-
ogy. Data were collected on surgeon’s age and height, gen-
der, hand dominance, specialty, years of practicing after 
residency, presence of musculoskeletal disorders in the 
upper limb, and average of case performed per month. 
Intraoperative data included type of surgical approach and 
operative time. This prospective study was approved by 
our Institutional Review Board and written consent was 
obtained for all participants.

Self‑perceived fatigue

Surgeons replied to the validated Piper Fatigue Scale-12 
(PFS-12) at the beginning and at the end of each surgical 
procedure [5]. This survey allows for the measurement of 
self-perceived fatigue and comprises five spheres: behav-
ioral, affective, sensory, cognitive, and overall self-per-
ceived fatigue. A higher score in PFS-12 is representative 
of increased self-perceived fatigue.

Muscle effort and activation

Objective muscle activation was assessed using the Trigno 
wireless surface electromyography (EMG; Delsys, Inc., 
Natick, MA, USA). The detailed protocol for the EMG 
technique was followed and described in our previous 
work [5]. Surface EMG sensors were affixed over the sur-
geon’s dominant upper limb during surgery. Data were 
collected on the following muscles: upper trapezius (UT), 
anterior deltoid (AD), flexor carpi radialis (FCR), and 
extensor digitorum (ED). Resting EMG and maximal vol-
untary contraction (MVC) were recorded before surgical 
scrub. These data were normalized to reduce inter-subject 
variability, and data were presented as a percentage of 
MVC (%MVC). Median frequency (MDF) was also used 
for the assessment of muscle fatigue during static force 
exertion. A higher %MVC is an indicator of higher mus-
cle activation, whereas a lower MDF is an indicator of 
increased muscle effort [5]. Surgeons’ muscle effort and 
activation were evaluated while surgeons performed sub-
tasks equivalent across surgeries: dissection, retraction, 
and suturing.

Statistical analysis

Surgeons were grouped according to their gender, women 
(W) and men (M), and comparisons were made between 
these two groups, controlling for the surgeon’s height. 
Self-perceived fatigue was compared before and after the 
surgical procedure within and between groups. However, 
%MVC and MDF were compared between groups. Each 
surgery was then divided into four quartiles, according 
to operative room time, and comparisons were made to 
evaluate fatigue levels over time (Q4 minus Q1), to control 
for duration of surgery. Data were presented as frequen-
cies for categorical data and mean ± standard deviation or 
median for the continuous data, according to normality. 
Pearson chi-square tests and repeated measures analysis of 
variance were used where appropriate. Statistical analyses 
were done using SPSS v26.0, with α = 0.05.
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Results

18 surgeries were recorded (W: 8, M: 10). All surgeons 
were right-handed, and no surgeon reported current injury. 
Mean age (W: 41 ± 6.2 years, M: 39 ± 6.2 years; p = 0.763) 
and mean height (W: 170 ± 9.5 cm, M: 163 ± 11.9 cm; 
p = 0.361) were similar between groups. Likewise, no dif-
ferences were seen for mean cases performed per month 
(W: 20 ± 11.9, M: 28 ± 10.4; p = 0.29) and mean years of 
practice (W: 6 ± 4.1 years, M: 5 ± 3.9 years; p = 0.543). 
The distribution of the surgeries recorded in this study was 
the following: five bariatric surgeries (W: N = 2, M: N = 3), 
six foregut-related procedures (W: N = 2, M: N = 4), four 
hernia repairs (W: N = 2, M: N = 2), two gynecological 
surgeries (W: N = 2), one hepatectomy (M: N = 1), and 
one kidney transplant (W: N = 1). Median operating room 
time was similar between W (204.5 [210–263] min) and M 

(204.5 [182.8–250] min), p = 0.600. There were no intra-
operative complications during the surgical procedures 
included in this study.

Self-perceived sensory (p = 0.026) and cognitive 
(p = 0.045) fatigue scores were higher among women sur-
geons at the end of the surgery, while no differences were 
seen in the M group (Table 1). Overall, no differences were 
seen between M and W groups for all four subscales evalu-
ated with PFS-12.

After controlling for surgeon’s height, EMG analysis 
performed for all subtasks combined revealed a statisti-
cally significant increase in %MVC for women surgeons 
in three muscle groups: UT (32% vs 23%, p < 0.001), FCR 
(33% vs 16%, p < 0.001), and ED (13% vs 10%, p < 0.001), 
when compared to men (Fig. 1). Likewise, women had 
increased muscle effort in ED (W: 90.4 ± 18.13  Hz, 
M: 99.1 ± 17.82  Hz). Nonetheless, male surgeons had 
increased muscle effort in UT (W: 63.5 ± 8.29  Hz, M: 

Table 1   Scores of PIPER Fatigue Scale (PFS-12) before and after surgery

Comparisons performed between and within gender
*The p-values between gender reflect comparison for the difference (after vs before surgery) between women and men

Women p-value Men p-value p-value 
between 
gender*Before surgery After surgery Before surgery After surgery

Overall Score 2.67 ± 1.12 3.35 ± 1.03 0.090 2.54 ± 1.79 2.56 ± 1.10 0.972 0.303
Subscales
 Behavioral 2.54 ± 1.16 2.95 ± 0.99 0.317 2.00 ± 1.18 2.40 ± 0.79 0.161 0.125
 Affective 3.25 ± 1.77 3.87 ± 1.56 0.288 2.93 ± 2.53 3.03 ± 1.85 0.817 0.387
 Sensorial 2.83 ± 1.27 3.58 ± 0.95 0.026 2.73 ± 2.36 2.63 ± 1.20 0.878 0.332
 Cognitive 2.08 ± 1.03 3.00 ± 1.37 0.045 2.50 ± 2.22 2.16 ± 1.05 0.662 0.688

Fig. 1   Muscle activation 
(%MVC) of muscles, between 
women and men surgeons. UT 
upper trapezium, AD anterior 
deltoid, FCR flexor carpi radia-
lis, ED extensor digitorum
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60.2 ± 10.43 Hz). Subsequently, analyses controlled for sur-
gery duration revealed similar findings, with muscle activa-
tion levels over time being higher in the W group for UT and 
ED, both p < 0.001 (Fig. 2). Conversely, no differences in 
muscle activation or effort were seen within each surgeon’s 
group over time, all p > 0.05.

Discussion

This study found that women surgeons had increased muscle 
activation of the upper limb and reported higher fatigue lev-
els while performing laparoscopic surgery when compared 
to their male counterparts. The main difference seen was on 
the increased muscle activation of shoulder and wrist muscle 
groups in the women group. Additionally, women reported 
higher rates of self-perceived fatigue after performing lapa-
roscopic procedures, specifically for the components of cog-
nitive and sensory fatigue. Men surgeons, on the other hand, 
reported no significant difference in self-perceived fatigue at 
the end of surgical procedure.

The transition to laparoscopic surgery is associated with 
numerous benefits to patients including reduced periop-
erative morbidity, enhanced postoperative recovery, earlier 
return to work, and cosmetic advantages [5, 11]. An often 
underappreciated cost of this approach, however, is injury 
and disability for surgeons resulting from poor ergonomics 
[5]. A systematic review of 16 articles found a 24% preva-
lence of musculoskeletal injuries among plastic surgeons, 
with the cervical spine being the most affected site [12]. An 
online survey study of 127 surgeons revealed that 44% of 
the cohort suffered from musculoskeletal disorders, while 
nearly a third of the respondents requiring medical leave due 

to this issue [13]. Another survey of 104 plastic surgeons 
demonstrated that over half of respondents had neck injury, 
followed by 32% who reported back injuries. Interestingly, 
only 22% reported having any type of ergonomic training 
during their career [14]. Our previous work indicated that 
performing laparoscopic procedures results in higher acti-
vation of the upper trapezius and extensor of the wrists of 
surgeons, which could lead to long-term musculoskeletal 
injuries [5].

Despite the accumulated knowledge for work-related 
injuries of laparoscopic surgeons, especially when assess-
ing only one surgical specialty, few studies have objectively 
evaluated the relationship between gender and ergonomics in 
the operating room. Especially considering that several stud-
ies evaluated plastic surgeons, which might not be the best 
representation of laparoscopic surgeons. Numerous stud-
ies have established that women surgeons experience these 
consequences at a higher rate than their men counterparts 
[9, 11, 15]. However, the vast majority of existing litera-
ture is based on self-reported responses to nonstandardized 
survey questions with results being significantly impacted 
by nonresponse bias [9, 15, 16]. Our study sought to inves-
tigate objective differences in ergonomics between men and 
women surgeons performing laparoscopic procedures.

A survey of nearly 300 laparoscopic surgeons found 
that a higher case volume was associated with increased 
reported symptoms of neck and upper and lower extremi-
ties. In addition, women reported increased symptoms in 
the upper extremities, whereas men in the lower [11]. In the 
current study, both men and women had similar average of 
cases performed per month, and we did find that women had 
higher activation of muscle groups in the upper limb. Addi-
tionally, surgeons did not report the same level of subjective 

Fig. 2   Fatigue levels (MDF) 
of muscles, between women 
and men surgeons. UT upper 
trapezium, AD anterior deltoid, 
FCR flexor carpi radialis, ED 
extensor digitorum
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fatigue when compared to their objective muscle activation. 
Another survey of 314 laparoscopic surgeons, still, although 
glove size was found to be significantly correlated with 
reported issues of the upper limb of laparoscopic surgeons, 
these studies did not evaluate among studies as a factor.

Given that nearly 60% might be only slightly or not aware 
of the recommendations made by the field of surgical ergo-
nomics [11], it is critical to not only provide objective data 
on the effect of ergonomics for informed decisions, but also 
to disseminate and implement policies that address those 
issues.

A recent web-based survey study conducted by Sutton 
et al. found that a similar percentage of men and women 
surgeons attributed physical discomfort to the laparoscopic 
approach. Compared to men wearing the same glove size, 
however, women are more likely to receive treatment for 
their hands (21 vs 3%, p = 0.016) and experience more neck, 
shoulder, and upper back discomfort (77 vs. 27%, p = 0.004). 
[9] After controlling for the surgeon’s height and duration 
of surgery, we also found women surgeons performing lap-
aroscopic procedures to have an overall increase in upper 
limb muscle activation, as measured by significantly higher 
%MVC.

Another large survey study by Berguer et al. eliciting 726 
responses from members of professional surgical societies 
found that 87% of women surgeons can be expected to expe-
rience significant difficulty using laparoscopic instruments 
based on hand size alone [15]. Smaller-handed surgeons 
experience more difficulties using laparoscopic instru-
ments since grip spans that are too large will decrease the 
maximum grip force during use [17]. Given that women’s 
median glove size is significantly smaller than men’s (6.5 
vs 7.5, p < 0.001), [18] the higher rates of muscle activation 
measured in our women group was expected in this study. 
Specifically, we found women surgeons to have significantly 
increased use of upper trapezius, flexor carpi radialis, and 
extensor digitorum muscles compared to men (UT: 32.29 
vs 23.12; FCR: 13.89 vs 10.19; ED: 33.03 vs 16.18; all 
p < 0.001). These findings corroborate with our previous 
publication stating that both UT and ED had the highest 
muscle activation in surgeons performing laparoscopic pro-
cedures. One hypothesis for the difference observed in ergo-
nomics between gender is related to laparoscopic staplers 
and scissors, which are reported to cause the most difficulty 
for smaller-handed and women surgeons [15]. Hence, rede-
sign of laparoscopic instrument handles and adjustment of 
surgical table heights offer the most promising solutions to 
these ergonomic challenges [9].

Regarding self-perceived fatigue, women surgeons 
reported increased cognitive and sensory fatigue compared 
to men peers at the end of surgical procedures in the cur-
rent study (p = 0.045 and p = 0.026, respectively). Cogni-
tive fatigue correlates to a feeling of patience, ability to 

concentrate, and to think clearly; however, sensory fatigue 
relates to the degree that the surgeon is feeling strong/weak, 
awake/sleepy, and refreshed/tired [5]. Our results indicate 
that women surgeons perceived a higher level of mental 
workload at the end of the surgery, whereas men surgeons 
did not. This is associated with the surface EMG objective 
measurements that showed increased muscle activation and 
poor ergonomics in the women group [5, 19].

Our small sample size is a notable limitation of this study. 
Given that we only recorded the first surgical case of the 
day, we are not able to assess the difference in fatigue levels 
after a full operative day. Additionally, we only evaluated 
the muscles of the upper limb and do not have information 
related to muscle groups of the back or lower extremities 
which also contribute to physical discomfort. We also did 
not include information regarding table height, use of steps, 
training level of the surgeon’s assistant, nor patient waist 
circumference, which could have impacted the evaluation 
of surgeon’s ergonomics in this study. Surgeon’s glove size 
was also not collected. Still, we were able to standardize 
the data analysis across all surgical procedures, including 
only common surgical subtasks, and considering the time 
of surgery. In fact, sub-analyses were performed between 
men and women for each surgical task, and similar results 
were found to the overall analyses. Therefore, we reported 
the overall analysis in the manuscript. Additionally, this is 
the first study that evaluated objectively measurements in the 
operating room between women and men surgeons perform-
ing laparoscopic surgeries across six surgical specialties. As 
we collect more data, sub-analysis of glove size, handgrip, 
and % body fat between men and women, as well as the dif-
ference in instrumentation could also be studied [5].

Conclusion

While there has been significant interest in this field over the 
last several years, most of the research has been limited to 
survey studies which elicit concern regarding several types 
of bias such as undercoverage, response, nonresponse, and 
voluntary response bias. Objective data captured using sur-
face EMG can be used to measure muscle effort and activa-
tion to better assess the long-term impact of work-related 
musculoskeletal injuries among surgeons. After controlling 
for the surgeon’s height and duration of surgery, our data 
revealed an overall increase in shoulder and wrist muscle 
activation for women performing laparoscopic procedures. 
Women reported increased self-perceived sensory and cog-
nitive fatigue at the end of the surgical procedure, while men 
did not. Results from this study could inform the creation 
of recommendations to improve ergonomics for women and 
men surgeons. Further studies are needed to evaluate which 
factors affect these variations in ergonomics between men 
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and women surgeons and to assess the long-term impact of 
muscle activation in work-related injuries. Long-term selec-
tive use of these different muscle sets may be correlated with 
different patterns of injury.
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