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Background: Minimally invasive surgery, in particular endoscopic surgery, 
has revolutionized the benefits for patients, but poses greater challenges for 
surgeons in terms of ergonomics. Integrating ergonomic assessments and 
interventions into the multi-stage endoscopic procedure contributes to the 
surgeon’s musculoskeletal health and the patient’s intraoperative safety and 
postoperative recovery.

Objective: The purpose of this study was to overview the objective 
assessment techniques, tools and assessment settings involved in 
endoscopic procedures over the past decade and to identify the potential 
factors that induce differences in high workloads in endoscopic procedures 
and ultimately to design a framework for ergonomic assessment in 
endoscopic surgery.

Methods: Literature searches were systematically conducted in the OVID, 
pubmed and web of science database before October 2022, and studies 
evaluating ergonomics during the process of endoscopic procedures or 
simulated procedures were both recognized.

Results: Our systematic review of 56 studies underscores ergonomic variations 
in endoscopic surgery. While endoscopic procedures, predominantly 
laparoscopy, typically incur less physical load than open surgery, extended 
surgical durations notably elevate ergonomic risks. Surgeon characteristics, 
such as experience level and gender, significantly influence these risks, 
with less experienced and female surgeons facing greater challenges. Key 
assessment tools employed include electromyography for muscle fatigue 
and motion analysis for postural evaluation.

Conclusion: This review aims to provide a comprehensive analysis and 
framework of objective ergonomic assessments in endoscopic surgery, 
and suggesting avenues for future research and intervention strategies. By 
improving the ergonomic conditions for surgeons, we can enhance their 
overall health, mitigate the risk of WMSDs, and ultimately improve patient 
outcomes.
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1 Introduction

With the advancement of science and technology, the terminology 
of “minimally invasive” has penetrated into various fields of surgical 
procedures. Endoscopic surgery, in particular, has the tremendous 
benefits of a smaller incision, little discomfort, and a quick recovery 
(1), which optimizes the enhancement of patients’ quality of life and 
recovery and significantly lessens patients’ suffering. However, a 
crucial participant in this successful change, the surgeon, has borne 
considerable unforeseen costs and ergonomic constraints (2). Surveys 
on laparoscopic surgery, for instance, have revealed that 73 to 100% 
(3) of surgeons who conduct standard laparoscopic surgery have 
WMSDs (Work-related Musculoskeletal Disorders), with a range of 
73 to 88% for complaints (4). This indicates a growing pandemic of 
patient benefit and physician misery. Unfortunately, endoscopic 
surgeons seldom come out to disclose injuries to their providers 
despite being aware of the higher physical demands and discomfort 
they encounter during surgery.

The development of WMSDs in endoscopic surgeons is complex 
and multifaceted. Unlike other occupations, several unique factors 
contribute to WMSDs in this group. Prolonged static positions 
commonly assumed during procedures lead to muscle fatigue and an 
elevated risk of WMSDs (5). The repetitive nature of endoscopic tasks, 
such as instrument manipulation and precise motor skills, can cause 
overuse injuries and musculoskeletal strain (6). Beyond physical 
strain, these procedures demand intense concentration and focus, 
leading to cognitive fatigue. This mental load can impair attention to 
proper body mechanics and temporarily mask muscle fatigue, 
contributing to a hazardous working environment. Furthermore, the 
interplay between physical and mental fatigue not only affects the 
surgeons but also poses a potential risk to patient safety. Fatigued 
surgeons operating in ergonomically challenging conditions are more 
likely to make errors, thereby compromising the safety of the 
procedures they perform (7). This connection underscores the urgent 
need for comprehensive strategies in healthcare that address both the 
physical and cognitive aspects of surgeon workload to enhance 
surgeon well-being and ensure patient safety.

Ergonomics is the scientific discipline which applies theory, 
principles, data and methods to design and optimize human well-
being (the overall health and quality of life) and overall system 
performance (8). In the past, ergonomic assessment and intervention 
studies have typically focused on industrial manufacturing, however, 
it has recently been discovered that surgeons tend to work in harsher 
environments and working conditions than some industrial 
workers (9).

For endoscopic surgery, ergonomics can be  integrated into all 
stages of the endoscopic surgery unit to provide a safe and comfortable 
ergonomic environment design for surgeons and patients (10), 
including preoperative surgeon scheduling, simulation training, and 
protocol planning; intraoperative layout and optimization of surgical 
instruments and patient position design; and postoperative safety care 
and interventions for occupational musculoskeletal disorders for 
endoscopic surgeons, as well as investment in construction of surgical 
instruments and surgical technology.

Ergonomics-based assessments assist in the early detection of 
environmental and individual potential factors on surgeons’ 
musculoskeletal health (11) and propose specific interventions. While 
workloads assessment has relied on paper-based subjective 

questionnaires over the years, with the development of information 
technology and human factors engineering, some objective assessment 
methods have emerged and have proven to be more thorough and 
sensitive to the identification of characterization of WMSDs (12). 
Motion analysis, force platform, and biochemical parameters such as 
surface EMG are beginning to be used in endoscopic surgery analysis 
of objective ergonomics for surgeons; and combined with subjective 
questionnaire collection to obtain high reliability assessment results.

Accordingly, given the explicit information extracted from the 
existing literature, the purpose of the work in this review is to analyze 
objective ergonomic assessment studies in endoscopic surgery to (a) 
ascertain the sources of heterogeneity and the threat of reproducibility, 
(b) identify and categorize the potential factors that induce differences 
in workloads, (c) summarize sound assessment frameworks, 
assessment instruments, assessment tools, and assessment settings, 
and (d) suggest future trends.

2 Methods

2.1 Search strategy and inclusion criteria

In order to achieve full coverage screening of the medical and 
scientific literature and to ensure that we capture a wide range of 
relevant research, literature searches were performed in the medical 
and engineering field, including pubmed, OVID databases of 
EMBASE, and Web of Science, for studies published from the earliest 
date until 2022, which ensures the reliability of included data by 
avoiding premature access to potentially unverified or incomplete 
research findings for 2023, safeguarding the robustness of our 
analysis while maintaining temporal consistency in our review 
process. Our search utilized a including of (1) Ergonomics, (2) 
Endoscopy, (3) Muscle strain, (4) workload, and (5) Surgeons as 
search strings. The inclusion and exclusion criteria of this review are 
listed as follows:

 1 Studies had to be published with an accessible full text and 
written in either English, German, or Spanish.

 2 The type of surgery involved in this review must be relevant to 
the surgical endoscopy and traditional open surgery and 
robotic-assisted surgery was not included in the review. When 
several different surgical procedures were performed in a study, 
at least one of those procedures is required to involve surgical 
endoscopy. For instance, it should be included when a study 
attempts to compare the ergonomic risk between endoscopic 
surgery and robot-assisted surgery.

 3 Studies had to conclude statement about objective indicators, 
evaluation techniques, and conclusions, which were relevant to 
posture, electromyography and other physiological parameters. 
Studies that only based arbitrary questionnaires 
were disallowed.

2.2 Data extraction

Two researchers independently conducted the literature search, 
screening, and data extraction. Any disagreements regarding 
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eligibility or data extraction were settled through discussion with 
an additional reviewer. A data extraction form was designed to store 
the data from the original literature, which included the following 
variables: publication year, sample characteristics (number of 
surgeons, age, and gender), type of surgery, study design, objective 
ergonomic risk assessment indicators, assessment sites and tools, 
Consolidation of subjective investigations and the outcome of 
the ergonomics.

3 Results

3.1 Literature search and selection

From our literature search, we  identified 1,470 titles and 
abstracts. These were then methodically examined against specific 
inclusion and exclusion criteria, tailored to align with our research 
questions and objectives. The criteria focused on aspects like study 
design, target population, measured outcomes, and their pertinence 
to the surgical practice being studied. This rigorous examination led 
to the selection of 428 articles, which were then subjected to a 
detailed full-text analysis to further evaluate their relevance and 
contributions to our research. The following considerations led to 
the exclusion of a total of 362 articles: (1) There was no objective 
assessment employed; (2) It was a review of the literature; (3) The 
research participants were not surgeons; (4) Endoscopy was not 
used during the procedure; (5) The paper was not available; and (6) 

Language. Ultimately, a total of 56 studies were included in this 
systematic review (Figure 1).

3.2 Characteristics of studies

This review included 56 studies in total, 34 (60.7%) studies 
were from North America and 15 (26.8%) studies were from 
Europe. The preponderance of the publication years were from 
2017 to 2022 (69.6%), with an upward trend. In addition, the 
number of surgeons participating were recorded with a 
median of 9.5.

Table 1 offers a summary of the studies that were included. Of all 
the endoscopic surgical techniques employed in the surgeries, 
laparoscopy was the most frequent (n = 45), followed by, colonoscopy 
(n = 4), nasal endoscopy (n = 3), shoulder arthroscopy (n = 1), 
laryngoscopy (n = 1), thoracoscopy (n = 2), and hysteroscopy (n = 1). 
The types of surgeries primarily included conventional endoscopic 
surgeries, robot-assisted endoscopic surgeries with endoscopy 
(n = 14). Some open surgeries were incorporated in order to engage in 
comparisons (n = 3).

Although the objective of this systematic review focused on 
ergonomics quantitative methods for endoscopic surgeries, up to 
62.5% (n = 35) of the studies used a conjunction analysis of 
subjective questionnaires to evaluate the ultimate results 
simultaneously. Eleven types of questionnaires were applied in these 
studies, consisting mainly of investigative questionnaires for 

FIGURE 1

Articles selection flowchart.
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TABLE 1 Summary characteristics of included studies.

First 
author

Year N Surgery type Country Subjective Experimental places Evaluation parameters

Reality Simulator Posture EMG Others

Liang (13) 2019 5 Laparoscopic surgery USA NASA-TLX x x

Sers (14) 2021 6 Laparoscopic surgery UK NI x x

Arrighi-Allisan 

(15)

2022 6 Functional endoscopic 

sinus surgery

USA NASA-TLX x x

Ramakrishnan 

(16)

2017 2 Functional endoscopic 

sinus surgery

USA NASA-TLX/

PDQ

x x

Lobo (17) 2019 6 Bilateral endoscopic 

sinus surgery

Spain NMQ/PDQ x x

Dalager (18) 2020 13 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

Denmark Borg CR-10 x x x

Armijo (19) 2022 18 Laparoscopic surgery USA PFS-12 x x

Kratzke (20) 2022 10 Laparoscopic surgery USA Custom survey x x

Rodrigues (21) 2020 26 Laparoscopic surgery USA PFS-12 x x

Zihni (22) 2016 1 Laparoscopic surgery USA NI x x

Thurston (23) 2022 5 Foregut laparoscopic 

surgery

USA NASA-TLX x x

Lowndes (24) 2019 17 Laparoscopic 

cholecystectome

USA NASA-TLX/

VAS

x x

Dalager (25) 2019 6 Robotic-assisted 

laparoscopic surgery

Denmark NMQ x x x

Lohre (26) 2020 2 Arthroscopic shoulder 

surgery

Canada NI x x

Shiang (27) 2022 27 Upper and lower 

endoscope

USA NI x x

Armijo (28) 2019 16 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA PFS-12 x x

Dalsgaard (29) 2020 12 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

Denmark NMQ/Borg 

CR-10

x x

Zárate (30) 2019 31 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NASA-TLX x x

Szeto (31) 2013 2 Robotic-assisted and 

laparoscopic rectal 

surgery

HK NI x x

Zihni (32) 2014 1 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NI x x

Monfared (33) 2022 20 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA BQ/TQ x x x

Hubert (34) 2013 11 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

France NASA-TLX/

Borg CR-10

x x x

Shergill (35) 2021 12 Colonoscopies USA Borg CR-10 x x

(Continued)
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TABLE 1 (Continued)

First 
author

Year N Surgery type Country Subjective Experimental places Evaluation parameters

Reality Simulator Posture EMG Others

Lee (36) 2010 4 Colonoscopies USA NI x x

Abdelrahman 

(37)

2016 1 Laparoscopic 

cholecystectomy

USA Surg-TLX x x x

Hallbeck (38) 2017 6 laparoendoscopic 

single-site surgery

USA NASA-TLX/

Borg CR-10

x x

Riggle (39) 2015 24 Laparoscopic surgery USA SURG-TLX/

Borg CR-10

x x x

Lee (40) 2014 13 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NASA-TLX x x

Yang (41) 2021 24 Laparoscopic and open 

surgery

USA NASA-TLX x x

Dai (42) 2021 1 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

China NASA-TLX x x

Wang (43) 2017 1 Laparoscopic and open 

surgery

USA NI x x

Pazouki (44) 2017 62 Laparoscopic 

cholecystectomy 

procedures

Iran NMQ x x

Hignett (45) 2017 42 Laparoscopic 

hysterectomy

UK Custom survey x x

Athanasiadis 

(46)

2021 20 Laparoscopic surgery USA Custom survey x x x

Bartnicka (47) 2018 NI Laparoscopic 

cholecystectomy

Poland NI x x

McCrory (48) 2012 24 Laparoscopic and 

laparoscopic single-site 

surgery

USA 6-Likert scale x x

Nieboer (49) 2013 26 Laparoscopic surgery NLD NI x x

Yu (50) 2016 8 Laparoscopic surgery USA NASA-TLX x x

Moss (51) 2020 4 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

UK NI x x x

Sánchez-

Margallo (52)

2014 50 Laparoscopy Spain NI x x

Pérez-Duarte 

(53)

2013 30 Laparoscopic dis-

section and suturing 

maneuvers

Spain NI x x

Yang (54) 2020 53 Surgeries across 

different specialties

USA Borg scale x x

Khan (55) 2020 30 Colonoscopy Canada NI x x

Baird (56) 2021 8 Flexible laryngoscopy 

and awake laryngeal 

surgeries

USA Verbally 

evaluation

x x x

Asadi (57) 2021 12 Laparoscopic surgery USA BQ/Likert 

scale

x x

(Continued)
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musculoskeletal disorders/discomfort, and immediate 
questionnaires to evaluate workload or fatigue.

NASA Task Load Index (NASA-TLX) was the most utilized 
questionnaire in these studies (n = 13) which allows users to perform 
subjective workload in mental demand, physical demand, temporal 
demand, performance, effort and frustration (68).

Objective assessment of ergonomics was based on 
electromyographic (n = 34) and motion analysis (n = 30). Four 
studies used other tools such as heart rate and salivary cortisol as 
ergonomics indicators and 12 studies combined more than 2 
instruments for the assessment of ergonomics study designs 
tended to be cross-sectional (n = 23) and cohort (n = 27), while 
RCT were utilized in 5 research and case–control was only 
employed in 1 interventional study.

3.3 Methodology of objective assessment 
in endoscopic ergonomics

3.3.1 Potential factors of ergonomic risk 
difference

Potential factors leading to a higher ergonomic risk were 
grouped into three categories: (1) Work task related factors; (2) 
Characteristics (surgeon and patient)-related factors; and (3) 
Environment-related factors.

3.3.1.1 Work task
The work task related load consists mainly of different types of 

surgeries, surgical equipment, assignment of surgical tasks, and 
duration and number of surgeries.

3.3.1.1.1 Surgery type
In the included literature, 20 studies focused on ergonomics 

differences between surgeons or surgeon teams due to different 
types of procedures, especially focus on the differences among 
open, endoscopic and robotic-assisted surgery. Among comparative 
studies of traditional open versus laparoscopic surgery, one study 
measured the activation of the upper body muscles during the 
laparoscopic and open phases of sigmoid colectomies and 
demonstrated that the laparoscopic surgery provides ergonomic 
benefits in several upper muscle groups compared to the open 
surgery (41). The average neck and trunk angle was shown to 
be  considerably higher for open surgery than for laparoscopic 
surgery in two studies (41, 54) And when compared to laparoscopic 
surgery, open surgery involved much longer time spent in the 
physically taxing torso position (54). In contrast to these views, a 
study explored the sagittal and rotational movements of the neck in 
laparoscopic surgery versus open surgery. The results of the study 
showed that laparoscopic surgery required significantly less skin 
stretching during flexion and rotational movements compared to 
open surgery, which demonstrated that laparoscopic surgery 

TABLE 1 (Continued)

First 
author

Year N Surgery type Country Subjective Experimental places Evaluation parameters

Reality Simulator Posture EMG Others

Yurteri Kaplan 

(58)

2018 27 Vaginal hysterectomy USA Borg CR-10 x x

Ordóñez-Ríos 

(59)

2017 7 Laparoscopic 

cholecystectomy

Cuenca NMQ x x

Steinhilber (60) 2017 57 Laparoscopic surgery Germany NI x x x

Yoon (61) 2016 1 Thoracoscopic 

pulmonary lobectomy

Korean NI x x

Zihni (32) 2014 6 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NI x x

Hardy (62) 2021 3 Laparoscopic and open 

surgery

Ireland NI x x

Shergill (63) 2009 3 Colonoscopy USA NI x x

Pace-Bedetti 

(64)

2019 13 Laparoscopic surgery Spain NI x x

Butler (65) 2013 6 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA VAS x x x

Lim (66) 2021 3 Thoracoscopic & 

laparoscopic surgery

Korea NASA-TLX x x x

Zhang (67) 2017 14 laparoscopic 

cholecystectomy

China NI x x x

N represents the number of surgeons; NI representative is not mention.
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requires a longer period of static neck position (62). Robot-assisted 
surgery can improve the flexibility of surgical operations, reduce 
tremors, and optimize the surgeon’s workload and physical strain 
based on ergonomic principles. Several studies have indicated 
superior performance in terms of postural stability (65), cumulative 
muscle strain (40), workload (34), and physical demands (29) for 
robot-assisted surgery compared to conventional endoscopic 
surgery. Notably, while robot-assisted surgery reduces postoperative 
discomfort and muscle strain in the upper extremity for the 
surgeon, it increases static neck positioning and back stiffness 
compared to endoscopy. Additionally, forearm muscles, particularly 
those that manage the ulnar offset movements of the wrist joint, 
exhibit a considerable level of muscle exertion during robot-assisted 
surgery (31).

3.3.1.1.2 Surgical equipment
A possible reason for the musculoskeletal symptoms reported by 

surgeons is the ergonomic limitations of the surgical handles designed 
for surgeon (69). All surgeons involved in such procedures are at risk 
for complications in the left and right wrist, right thumb, and left 
thumb. The left thumb and both wrists exceed the limits of movement 
and are at risk for repetitive motion injuries (63). Five studies explored 
handle settings in endoscopic surgery and examinations were included 
in this systematic review, and they focused on laparoscopic and 
colonoscopic handles. Some endoscopes that are more 
biomechanically compatible have been developed and have been 
shown to be beneficial in reducing the ergonomics on the surgeon (24, 
39, 50). It is worth noting that the angular configuration of the 
endoscope (50), the height difference between the endoscope and the 
table, and the area of the operating field (60) all contribute to the 
occurrence of ergonomic risk differences. Veelen et al. have identified 
the ideal relationship between surgeon height and patient abdominal 
wall (PAW) location (70). The anterior claw’s tip need to be positioned 
between 70 and 80% of the surgeon’s elbow height. The suggested table 
height is deduced from the fact that the abdominal sagittal depth is 
contained at intervals of 30 to 40 cm. Furthermore, a study confirmed 
that laparoscopic tools with adjustable handle angles decrease the 
ergonomic risk of musculoskeletal strain and allow alternating tasks 
between floor and ceiling positions without compromising surgical 
performance (50).

3.3.1.1.3 Duration of surgery
Colonoscopy procedures, thoracoscopic lobectomies, and a 

comparative study of open and laparoscopic surgeries all highlight the 
relationship between surgical duration and ergonomics. In 
colonoscopies, which average about 19.5 min, significant muscle loads 
in the forearms and excessive pinch forces can pose ergonomic risks, 
suggesting that even shorter surgeries can be  demanding due to 
repetitive tasks (63). Thoracoscopic lobectomies, lasting around 
99 min, show notable muscle fatigue, especially in muscles like the 
lumbar erector spinae due to prolonged static postures, highlighting 
the cumulative effect of longer surgeries (61). Furthermore, a 
comparative study of open and laparoscopic surgeries reveals that 
longer procedures in both types lead to increased self-rated fatigue 
and pain, particularly in the neck and lower back. Open surgeries pose 
a higher postural risk due to larger neck and torso angles (41). This 
underscores the need for ergonomic interventions in surgeries, as 
surgeons often maintain high-risk postures for extended periods, 

affecting various body parts irrespective of the surgery type 
or duration.

3.3.1.2 Characteristics (surgeon and patient)
A comprehensive review of fourteen studies revealed several key 

findings regarding the impact of surgeons’ characteristics on their 
physical and psychological loads. These studies identified gender 
disparities, with results showing that women surgeons experience 
more physical load and fatigue during surgeries compared to their 
male counterparts (19). Variations in surgical experience also 
influence ergonomic loads, as surgeons with less experience or fewer 
years in their career were found to face higher physical strain (15, 23, 
44). In addition, surgeon assistants and operating room nurses are 
subjected to severe ergonomic loads comparable to those experienced 
by surgeons (22, 44). The studies also examined the effect of surgical 
posture, revealing slight differences in ergonomic load between 
standing and sitting positions during endoscopic procedures. 
Specifically, in functional nasal endoscopy, surgeons face different 
workloads risks depending on whether they are standing or sitting, 
with sitting posing a greater risk to the upper extremity and standing 
to the legs (15, 16).

Furthermore, five studies investigated the relationship between 
patient characteristics and ergonomic load on surgeons. These studies 
focused on factors such as patient Body Mass Index (BMI) and 
positioning during surgery. It was found that performing laparoscopic 
surgery on patients with high BMI resulted in increased non-neutral 
postures and musculoskeletal discomfort for surgeons (14, 51). 
Contrarily, some studies reported no significant differences in 
ergonomic stress or workload when operating on obese versus 
non-obese patients (13). Additionally, the patient’s positioning during 
surgery was found to affect surgeon ergonomics, as demonstrated in 
a study where the lateral position during shoulder arthroscopy posed 
a higher ergonomic risk to orthopedic surgeons compared to the 
beach chair position (26).

3.3.1.3 Environment-related factors
Environment-related factors within the operating room (OR) 

significantly influence the ergonomic experience of endoscopic 
surgeons. The positioning of assistant surgeons, the arrangement of 
video displays, and the layout of surgical components and pedals are 
pivotal. Moreover, the height and design of operating beds and chairs, 
along with the ergonomics of surgical tools and handles, play a crucial 
role in surgeon performance and comfort (59). Head equipment, like 
headlamps and magnifiers, though essential, can contribute to 
musculoskeletal strain and ergonomic stress, necessitating careful 
design considerations to reduce the physical burden on surgeons 
during endoscopic procedures (3, 71).

3.3.2 Ergonomics assessment tools

3.3.2.1 Motion analysis-based
The optimum surgical posture aids in the optimization of the 

surgeon’s physical load and the evaluation and generalization of these 
postures lie under the purview of motion analysis. To objectively 
quantify postural load, 30 studies have tried to capture, track, and 
analyze surgeons’ actions intraoperatively, based on a perspective of 
motion analysis. Generally, intraoperative posture data acquisition 
relies on optical sensors and inertial sensors, the former including 
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conventional cameras, depth structured light cameras, and optical 
tracking systems. Using a standard camera to record a surgeon’s 
surgery or taking interval photos is one of the most archaic techniques. 
One representative of a structured light camera sensor is the Kinect. 
The most recent version of Azure Kinect is outfitted with an 
orientation sensor for sophisticated computer vision model 
development, a 12 megapixel full HD camera, and a 1 megapixel 
improved depth camera. It has body segmentation capabilities that can 
produce an anatomically accurate skeleton that contains either the 
entire or the parts of the body.

A study used an optical tracking system to compare the kinematic 
differences between surgeons with straight and curved instruments 
(38). Optical tracking systems typically require participants to wear 
passive mirror-reflective markers or active LEDs and operate with the 
aid of high-speed cameras to reconstruct the virtual human body as a 
real-time action.

By integrating dispersed IMUs (Inertial Measurement Units) into 
the wearable accessory, the inertial sensor—which is made up of an 
angle meter, an accelerometer, and a gravimeter—allows for the 
capturing of human motion. IMUs from APDM Wearable 
Technologies was most frequently employed among the included 
researches (n = 5), and Perception Neuron from Noitom was also 
be employed (n = 1).

For angular motion capture of particular locations, the inertial 
measurement unit can also be utilized by itself. In order to detect 
motion tracking and body angles in the surgeon’s upper body, 
Monfared and Athanasiadia positioned the IMU sensors on the 
surgeon’s torso, head, chest, low back, and right and left biceps (33, 46) 
(Table 2).

Ergonomic assessment tools such as electrogoniometers are also 
widely used when researchers are more concerned with localized high 
loads on the human body (n = 4). Furthermore, when exploring the 
effects of laparoscopic handles on surgeon physical loads, researchers 
typically focus more on surgeon forearm, elbow, wrist, and finger 
activities. Hence, it is also desirable to capture the surgeon’s hands 
motion utilizing data gloves (n = 1), which are consists of a series of 
conductive sensors with sensitive resistive flow that detects changes in 
bending and is capable of recording the relative angle of deflection of 
the hand.

Commonly analyzed indicators include joint angles and 
ergonomics rating scales. Ergonomics scales incorporate joint angles 
of body subcomponents (e.g., trunk, neck, legs, upper arms, lower 
arms and wrist) and are evaluated in conjunction with the parameters 
of force, coupling, and duration. Of the included literature, RULA 
(Rapid upper larms assessment) is the most frequently used 
ergonomics rating scale (n = 12), followed by REBA (n = 5) and LUBA 
(n = 1). RULA, as the most widely used ergonomic scale, is created 
exclusively for light labor and concentrates on the classification of 
postural risk for the upper limb (72). REBA is a postural analysis 
system that is sensitive to musculoskeletal concerns in a variety of 
occupations, particularly in the health care and other service 
industries (73). Unlike RULA, REBA divides the joint movements of 
the entire body into several groups. One study measured ergonomics 
based on the LUBA scale, which was selected for the presence of 
prolonged low-risk postures and intermittent high-risk postures in 
laparoscopic surgery, which is consistent with the properties of LUBA 
for medium-risk settings (74). In general, higher ergonomics scores 

often indicate greater risk exposure and alertness to the need for 
urgent change.

When the motion data is being analyzed, ergonomists or 
occupational therapists can use intraoperative video/image data 
captured by the camera to manually generate ergonomics scores. 
Additionally, certain recent computer vision-based techniques can 
be  utilized to extract human skeleton postures from videos and 
automatically determine ergonomic scores. A study was conducted to 
evaluate the body positioning of residents during laparoscopic surgery, 
and a computer vision algorithm based on Openpose and SMPL-X 
was designed for estimating the RULA score from 2D images/videos 
(20). To acquire the necessary joint angle data, the raw data captured 
by the inertial sensors typically needs to be filtered, smoothed, and 
denoised. These processes are carried out directly within the Matlab 
program, and some advanced IMUs solutions additionally offer 
software platforms for automated analysis. It is significant to mention 
that before any official measurements can be taken, all sensors must 
be calibrated beforehand in the environment.

3.3.2.2 sEMG-based
The endoscopic surgeon’s awkward posture, keeping the arm in an 

elevated position, and the use of high level strength instruments all 
cause an accumulation of muscle stresses that can cause microtrauma 
to the muscle tissues, leading to inflammation, pain, and ultimately, 
tissue damage. If the accumulated tissue damage exceeds the body’s 
ability to repair itself, it can lead to chronic musculoskeletal disease. 
Therefore, understanding muscle fatigue induced by surgical 
procedures in endoscopic surgeons can help guide the development 
of targeted interventions.

One of the important tools to measure muscle fatigue is 
electromyography (EMG), EMG signals are frequently used to assess 
muscle fatigue and ergonomics in occupational settings. Traditionally, 
invasive needle electrodes were used to obtain EMG signals, but recent 
advancements have made wireless surface EMG sensors the preferred 
method due to their convenience and accuracy.

EMG signals can be analyzed in both the time and frequency 
domains. Following signal acquisition, rectification, smoothing, and 
maximum voluntary contraction (MVC) normalization are typically 
performed. Commonly used metrics in the time domain include the 
integrated EMG value (iEMG) and root mean square (RMS). iEMG 
represents the intensity of muscle activity over a certain period, 
while RMS describes the average variation in surface EMG 
amplitude. In the frequency domain, median frequency (mDF) and 
mean power frequency (MPF) are commonly used metrics. MVC% 
is also a widely used EMG parameter that represents the percentage 
of actual EMG amplitude to the EMG amplitude at maximum 
voluntary contraction. Other metrics such as amplitude probability 
distribution function (APDF) and relative activation time (RAT) are 
also used.

Among the muscle groups involved in the included literature 
(Table 3), the most frequent EMG assessment regarding the trapezius 
muscle (n = 24) was followed only by the deltoid muscle (n = 19). In 
addition, the biceps, triceps erector spinae, radial wrist flexors, finger 
extensors, superficial finger flexors, cervical erector spinae, and wrist 
extensors were also frequently present. Interestingly, most of the 
included literature focused on Upper Extremity muscles, with only 1 
study on thoracoscopic lobectomy and mediastinal lymph node 
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dissection for lung cancer that included the rectus femoris and 
anterior tibialis muscles of the lower limb (61). A study quantifying 
and comparing surgeons’ ergonomic pressures during laparoscopic 
versus open access for sigmoid resection found that degree of surgical 
difficulty may have less impact laparoscopically compared to open 
access (43).Furthermore, a study to assess differences in physical load 
among surgeons with different surgical experience collected EMG 
activity of surgeons’ upper extremity muscles during laparoscopy, 
demonstrating higher RVC and MF levels intraoperatively for less 
experienced surgeons (23).

The muscle activation of the upper trapezius (UT), anterior 
deltoid (AD), and radial carpal flexor (FCR) muscles during the 
surgeon’s execution of the robot-assisted surgery phase showed a 
higher level of activation compared to performing a conventional 

laparoscopic procedure (28). In addition, one study found female had 
greater muscle effort than male in laparoscopic surgery (19).

3.3.2.3 Other tools-based
In addition to the feature of surface EMG signal as a biomarker of 

ergonomics, several other non-invasive biomarkers have been used to 
quantify the ergonomics of endoscopic surgeons. Previous studies 
have indicated that heart rate variability markers in the frequency 
domain, such as low frequency and high frequency, can give some 
indication of changes in physical and psychological loads. Moreover, 
mean heart rate and mean heart rate “cost” (intraoperative heart rate 
– resting heart rate) were also employed in a study to investigate the 
difference in workload between standard LAP and Robot-assisted 
surgery, and ultimately found that standard laparoscopic surgeons had 

TABLE 2 Posture and motion tracking-based ergonomic risk assessment.

First author Standard Posture capture and analysis tool

Sers (14) LUBA IMUs sensor (Noitom) & Kinect

Arrighi-Allisan (15) Ideal joint angles (from REBA) IMUs sensor (APDM Wearable Technologies)

Lobo (17) RULA Kinect

Dalager (18) RULA Manual observation and recording

Kratzke (20) RULA Video recording and analysis

Dalager (25) RULA Manual observation and recording

Lohre (26) Joint angles Video recording and analysis

Monfared (33) Ideal joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Lee (36) Joint angles Biaxial electrogoniometers

Hallbeck (38) Joint angles Raptor-12 Motion Camera

Riggle (39) Joint angle (wrist deviation) Goniometer (Biometrics SX230 and SG65)

Yang (41) Ideal joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Pazouki (44) RULA Video recording and analysis

Hignett (45) REBA AO

Athanasiadis (46) Ideal joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Bartnicka (47) Joint angle (wrist deviation) Wireless electrogoniometers (TEA CAPTIV T-Sens)

McCrory (48) Joint angles Biaxial electrogoniometers (Wrist and elbow angular)

Yu (50) Joint angles Raptor-12 Motion Camera

Moss (51) Amount of the movement IMUs sensors(6 Waseda Bioinstrumentation system)

Sánchez-Margallo (52) Hand and wrist positions & RULA Data glove (CyberGlove)

Yang (54) Joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Khan (55) RULA&REBA Video recording and analysis

Baird (56) RULA Photo documentation

Yurteri-Kaplan (58) Joint angles Video recording

Ordóñez-Ríos (59) REBA Video recording

Steinhilber (60) Wrist joint angles Twin axis goniometer

Hardy (62) Neck flexion, extension and rotation Wireless strain gauge monitor (SELS Bodyguard 105TM)

Pace-Bedetti (64) Joint angles and displacements Video recording

Butler (65) BESS Nondominant, single-leg stance

Lim (66) REBA Video recording

AO represents artificial recording and calculation.
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increased heart rates compared to robot-assisted surgery (34). Salivary 
cortisol levels, a stress hormone, were employed in two trials to 
measure the ergonomics on laparoscopic surgeons. At various points 
during the process, they collected surgeon saliva using collection aid. 
The samples were then frozen, and at the conclusion of the trial, they 
were thawed and examined (24, 37), and both studies ultimately found 
that surgeons’ salivary cortisol levels were significantly higher during 
single-incision laparoscopic cholecystectomy than during 
conventional laparoscopic surgery. Eye tracking data, especially 
pupillary dilation, are typically sensitive to task difficulty and workload 
(75), and Zhang measured the psychological load on participants 
during the procedure by recording the physiological parameters of 
their eyes through an oculomotor while performing the task in the 
laparoscopic simulator (67).

3.3.3 Evaluation places
The integrity and validity of ergonomic assessment outcomes hold 

profound significance in surgical practice, demanding meticulous 
consideration of the chosen assessment site. Notably, 64.3% of the 
studies conducted meticulous trials within real operating room (OR) 
settings, while 35.7% (n = 20) employed surgical simulators to explore 
ergonomic intricacies. The authenticity of real-life OR surgery exposes 
surgeons to genuine occupational challenges, thereby rendering 
assessment outcomes more robust and clinically applicable.

Nonetheless, real-life OR surgery is not devoid of challenges that 
necessitate attention. Intrusion of ergonomic data capture instruments 
may inadvertently divert the surgeon’s focus; wearable instruments 
could contribute to an additional physical burden; the stringent 
requirement of sterilization for OR instruments might jeopardize the 
integrity of sophisticated equipment; and patient reluctance poses 
another practical hurdle. To circumvent these intricacies, the 
implementation of cadaveric surgery emerges as an attractive 
alternative. Intriguingly, nasal endoscopy studies based on cadaveric 
surgery, instead of clinical surgery, have discerned ergonomic 
disparities related to surgeon posture, ultimately yielding reliable 
conclusions (16, 17). Cadaveric surgery, although akin to real-life OR 
conditions, offers an exceptionally high-fidelity replication of clinical 
surgery’s tactile and visual aspects. It’s noteworthy that cost 
considerations have motivated certain researchers to compare robot-
assisted laparoscopic surgery to traditional laparoscopic procedures 
using animal models (34, 42).

In parallel, surgical simulators emerge as instrumental tools, 
distinguished by their economic viability, controlled environmental 
factors, and ready accessibility. Within the realm of laparoscopy-
related investigations, open-up simulators, box simulators, and virtual 
reality simulators are recurrently employed, primarily for training and 
preoperative assessment purposes. Open-up simulators cater to 
fundamental tasks encompassing handle movement, object 
manipulation, suturing, and cutting. Progressively complex, box 
simulators replicate realistic surgical settings, encompassing cannula 
needles, light sources, and real-time visual feedback. Virtual reality 
simulators, harnessed by panoramic computer vision and force 
feedback, simulate abdominal images with remarkable realism akin to 
genuine OR scenarios, affording opportunities for intricate 
surgical simulations.

Delving into the clinical realm, distinctions in upper extremity 
fatigue are perceptible between laparoscopic and robotic surgical 
training environments (40). In the study’s scope, a laparoscopic box 

simulator was juxtaposed against a robotic surgical training simulator, 
emulating the da Vinci system. Furthermore, investigations addressing 
surgeon postural load and muscle strain within box simulators 
employing foam of varying thicknesses to mimic patient BMI 
underscore the clinical relevance of ergonomic research (14, 51). 
Beyond laparoscopy, specialized simulators for nasal endoscopy and 
colonoscopy have been developed, enhancing training and assessment 
precision (55, 56).

In evaluating the ecological validity of simulations used in 
ergonomic assessments, it is crucial to recognize both their strengths 
and limitations in mimicking real surgical environments. Simulations 
offer a controlled, replicable setting for detailed ergonomic analysis, 
allowing researchers to isolate and study specific variables in depth. 
This controlled environment is particularly beneficial for initial 
training and for studying the ergonomic impact of specific tasks or 
equipment under standardized conditions. However, the ecological 
validity of these simulations is inherently limited by their inability to 
fully replicate the dynamic and often unpredictable nature of actual 
surgical procedures. Real-life surgeries involve variables such as 
patient-specific anatomical challenges, intraoperative complications, 
and varying team dynamics, which are difficult to reproduce in a 
simulated setting (76). Moreover, the stress and pressures experienced 
by surgeons in actual operations, which can significantly impact 
ergonomic load and cognitive function, are often attenuated in 
simulated environments.

3.3.4 Proposed framework for endoscopic 
ergonomics research

The comprehensive framework developed in this study, as 
depicted in Figure  2, is grounded in the critical evaluation of 
ergonomic assessment methodologies analyzed in previous 
sections. It systematically organizes the findings into a cohesive 
structure aimed at enhancing ergonomic evaluations. The 
“Identification of Factors” component draws from the diverse 
variables discussed earlier, such as surgeon’s posture and patient 
BMI, and situates them within a broader context affecting 
workload. “Selection of Evaluation Setting” takes into 
consideration the detailed examination of various settings, from 
ORs to simulations, acknowledging their respective strengths and 
limitations. The “Data Collection Methodology” integrates the 
diverse data types, from subjective questionnaires to objective 
measures like EMG, discussed throughout the review. This 
meticulously crafted framework thus serves as a testament to the 
synthesis of our findings, presenting a pathway for deploying 
these insights into practical, real-world applications that address 
the ergonomic challenges identified.

3.4 Interventions to reduce workload

Ergonomic assessment forms the bedrock for effective 
interventions. Common intervention approaches predominantly 
hinge on ergonomics education, encompassing expert presentations, 
lectures, and video modules. Simulation-based ergonomics training 
courses showcase potential benefits in mitigating work-related 
musculoskeletal injuries. Furthermore, real-time biofeedback presents 
a promising avenue for intervention, as does postural alignment to 
circumvent non-neutral postures that exacerbate musculoskeletal 

https://doi.org/10.3389/fpubh.2023.1281194
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liu et al. 10.3389/fpubh.2023.1281194

Frontiers in Public Health 11 frontiersin.org

disorders. Emerging technologies like augmented reality glasses 
(ARG) and exoskeleton devices are indicative of the multifaceted 
approach required to address ergonomic challenges. In video-assisted 
surgery, the use of ARGs instead of conventional monitor devices can 
significantly reduce the surgeon’s workload and physical demands, 
especially for the upper body (66). Moreover, interventions like 
intraoperative targeted stretching micro breaks (TSMBs), which 
consisting of five standardized exercises for the neck, shoulders, upper 
back, lower back, wrists, hands, knees and ankles involving flexion, 
extension and lateral rotation (77), highlighting their potential in 
reducing surgeon discomfort while enhancing performance and focus. 
The current demand for ergonomic interventions signals the need for 
adequate supply, necessitating innovative integration of human factors 
engineering and human-machine interaction technologies for more 
effective and intelligent feedback mechanisms to optimize surgical 
safety (78).

4 Discussion

This review aimed to comprehensively synthesize the literature 
concerning the objective assessment and quantification of 
ergonomics in endoscopic surgery, with the goal of constructing a 
robust intraoperative assessment framework and extrapolating 
applicable evaluation techniques and settings. By categorizing and 
elucidating influencing factors, we  also evaluated the evidence 
linking these factors to elevated ergonomics in endoscopic surgery. 
This pursuit aligns with the domain of human factors engineering, 
wherein research endeavors strive to understand, evaluate, and 
optimize human-environment interactions to enhance system 
performance without compromising human well-being. Modern 
minimally invasive techniques, like endoscopy, afford patients the 
advantages of convenience, efficiency, and reduced invasiveness. 

However, for endoscopic surgeons, particularly given the prevalence 
of work-related musculoskeletal disorders (WMSDs), the associated 
physical health risks are paramount. Notably, these risks extend 
beyond the individual surgeon, as discomfort resulting from 
human-machine system variables can reverberate into the surgical 
performance and patient safety (79). Thus, discerning the impact of 
evolving human-system dynamics on ergonomics and exhaustively 
quantifying workload and ergonomic factors within the surgical 
specialty become paramount.

This review takes a comprehensive approach by encompassing 
various endoscopic specialties, addressing a significant gap in the 
literature. This expansion beyond the prevailing focus on 
endoscopic procedures allows for a deeper understanding of 
ergonomic challenges in diverse surgical domains, including 
laryngoscopy, nasal endoscopy, thoracoscopy, arthroscopy, and 
gynecologic endoscopy. In contrast to past studies, our review 
stands out in its primary focus on “objective” ergonomics 
assessment, a distinctive feature that has been absent in many 
previous discussions. Thirdly, we  categorize physical and 
psychological loads disparities into three overarching factors, 
providing a structured framework for understanding and 
addressing these issues, thus identifying specific areas for 
intervention. Fourthly, we underscore the integration of multiple 
assessment methods, such as motion analysis, surface 
electromyography, and heart rate variability, resulting in a multi-
faceted analysis of ergonomic risks that enriches the evaluation of 
ergonomic well-being. Finally, our discussion of intervention 
strategies, including ergonomics education, simulation-based 
training, real-time biofeedback, and emerging technologies like 
augmented reality glasses and exoskeleton devices, not only 
identifies potential solutions but also acknowledges the dynamic 
nature of the field. In sum, our article offers a holistic 
understanding of ergonomic challenges, provides a structured 

FIGURE 2

Structure of ergonomics assessment in endoscopic surgery.
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framework, and offers practical insights for addressing these 
issues, making a significant contribution to the field of endoscopic 
surgery ergonomics.

The prevailing landscape of objective ergonomic evaluations 
predominantly centers around general surgical applications 
associated with laparoscopic procedures. Nevertheless, a notable 
paucity persists in the comprehensive and unbiased quantitative 
exploration of other endoscopic specialties, including 
laryngoscopy, nasal endoscopy, thoracoscopy, arthroscopy, and 
gynecologic endoscopy. These domains warrant further 
investigation to foster a holistic understanding of ergonomic 
challenges. Challenges persist in task design, data collection, and 
analysis complexity, underscoring the need for rigorous 
investigations that transcend opportunistic research designs 
characterized by limited sample sizes and short observation 
periods. Enhancing generalizability and reliability mandates 
robust study designs with larger cohorts and extended 
observation windows, across a wider spectrum of endoscopic 
procedures to capture the intricacies of diverse 
surgical specialties.

Ergonomics disparities are primarily shaped by three 
overarching factors: the work task, characteristics related 
variables, and environmental influences. Existing literature 
suggests the superiority of laparoscopic surgery over traditional 
open procedures in terms of both surgical performance and 
surgeon well-being. Furthermore, robotic-assisted endoscopic 
surgery emerges as a means to alleviate physical demands on 
surgeons. The selection of surgery type should align with patient 
needs, financial considerations, and potential muscle injuries. 
Delving into surgeon-related factors, optimizing for risk factors 
such as surgical posture becomes vital, with implications for 
improved performance distribution and strategic allowances. 
Gender disparities in ergonomic risks, as evidenced by higher 
physical loads endured by female surgeons during endoscopic 
surgeries, underscore the need for tailored interventions like 
additional breaks and performance considerations. In considering 
patient-related factors, meticulous preoperative planning must 
factor in physiological attributes like position and BMI, striving 
to minimize additional physical stress on the surgeon. 
Environmental factors, amenable to manipulation, offer 
opportunities to optimize surgical team arrangement, bed height, 
instrument positioning, and related parameters through 
anthropometric principles (Table 3).

The assessment phase mandates comprehensive evaluation 
encompassing both physiological and psychological burdens on 
the endoscopic surgeon. Commonly employed methods for 
objective ergonomic quantification include motion analysis and 
electromyographic signals. While traditional photogrametry is 
surpassed by motion analysis, advanced human skeleton 
prediction techniques rooted in computer visiozn or inertial 
sensing find broad application. Electromyography (EMG) signals 
enable the assessment of ergonomic compliance, while quantifying 
the mental load during endoscopy, vital given its association with 
WMSDs, relies on indicators such as EEG, ECG, EDA, and eye 
movement. Harmonizing physical and mental load assessment, 
coupled with in-depth comprehension of their intricate interplay, 
holds the potential to enhance overall ergonomic well-being 

among endoscopic surgeons. It’s worth noting that in the context 
of assessing the psychological burden on endoscopists, our review 
identifies a significant gap: the predominant reliance on subjective 
questionnaires to measure mental load. This is despite 
acknowledging that such approaches may not capture the full 
spectrum of cognitive demands. Notably, only one study within 
our reviewed literature incorporated an objective indicator of 
psychological load—HRV (37). This highlights a critical 
deficiency in current research and underscores the potential for 
future investigations to employ objective methods such as 
HRV. Advancing this direction could yield more accurate 
assessments of the mental burden on endoscopists, informing 
targeted strategies to alleviate this burden and enhance overall 
patient care.

In our systematic review of ergonomic assessment methods in 
endoscopic surgery, we identified distinct strengths and limitations 
for each approach. Motion analysis stands out for its precision in 
tracking movements but is limited by its need for specialized 
environments and equipment (83, 84), potentially reducing its 
practicality in real surgical settings. Electromyography offers direct 
muscle exertion insights, yet is hindered by susceptibility to signal 
interference and the challenges of electrode placement in sterile 
conditions (85). Heart rate variability, while a useful non-invasive 
mental load indicator (86), lacks specificity to ergonomic stress due 
to its sensitivity to various factors (87). Similarly, salivary cortisol 
provides stress biomarkers but is affected by individual variability 
and diurnal patterns, limiting its immediate relevance to ergonomic 
assessment. Eye tracking technology, though valuable for measuring 
attentional focus, does not directly assess ergonomic load and 
requires careful calibration. These findings underscore the need for 
a multifaceted and practical approach in ergonomic assessment, 
integrating both objective measurements and subjective feedback 
to comprehensively address the ergonomic challenges in surgical 
environments. Table 4 summarizes the advantages, disadvantages, 
and limitations of these assessment tool.

Composite assessment methodologies integrating parameters like 
motion analysis, surface EMG, and heart rate variability have emerged 
as vital tools for ergonomic risk assessment. This multi-faceted 
analysis probes intraoperative ergonomics from diverse dimensions, 
enriching assessment comprehensiveness. While real-life OR surgery 
provides high reliability assessments, the associated surgical risks, 
including unpredictable intraoperative data collection and potential 
instrument damage, limit its feasibility. Similarly, while cadaveric 
surgery offers a high-fidelity assessment environment, practical 
constraints like expense and scarcity hamper its widespread 
application. Ergonomic evaluation within surgical simulator 
environments emerges as a viable alternative, albeit with a current 
focus on novice training rather than comprehensive ergonomic 
exploration. This gap warrants addressing for optimal integration into 
surgical practice.

5 Conclusion

The review identified three primary categories influencing 
ergonomic load in endoscopic surgery: environmental factors, 
characteristics-related factors and factors related to work task and 
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TABLE 3 Electromyography-based ergonomic risk assessment.

Study ID EMG sensors Muscle selection

Liang (13) Trigno Wireless EMG Left and right biceps, triceps, deltoid, and trapezius muscle groups

Ramakrishnan (16) Noninvasive surface Medial deltoid; upper trapezius; erector spinae; and biceps femoris

Dalager (18) Silver/silver, chloride Right extensor carpi ulnaris, right extensor carpi radialis, right flexor Digitorum 

superficialis and left upper trapezius

Armijo (19) Trigno Wireless EMG Upper trapezius, anterior deltoid, flexor carpi radialis, and extensor digitorum

Rodrigues (21) Delsys Trigno EMG Upper trapezius, anterior deltoid, flexor carpi radialis, and extensor digitorum

Zihni (22) Great Lakes Neurotechnologies Bilateral biceps, triceps, deltoids and trapezius muscles

Thurston (23) Delsys Trigno EMG Triceps, biceps, neck, shoulder, and lower back

Dalager (25) Silver/silver, chloride Trapezius muscles, the upper neck muscles, and the erector spinae muscles, upper neck 

extensor muscles

Shiang (27) Trigno Wireless EMG Flexor carpir adialis, palmaris longus, and flexor carpi ulnaris extensor carpi ulnaris 

and exten-sor digitorum

Armijo (28) Delsys Trigno EMG Upper trapezius, anterior deltoid, flexor carpi radialis, and extensor digitorum

Dalsgaard (29) MQ16, Marq-Medical Extensor carpiradialis/extensor digitorum, and flexor carpi radialis muscles, neck 

extensor muscles, the upper trapezius and erector spinae muscle

Zárate (30) sEMG electrodes Biceps, triceps, deltoid, and trapezius muscles

Szeto (31) The Noraxon MyoSystem The bilateral cervical erector spinae, upper trapezii and anterior deltoid muscles

Zihni (32) 8-channel Bioradio Bilateral biceps, triceps, deltoid, and trapezius muscles

Monfared (33) Model, DataLITE, Biometrics Trapezius and deltoid muscles

Hubert (34) Surface electrodes Flexor digitorum and extensor digitorum trapezius erector spinae

Shergill (35) FingerTPS Wireless Handing Sensing System/bipolar 

pre-amplified self-adhesive silver/silver chloride snap 

electrodes

Extensor carpi radialis and flexor digitorum super ficialis muscles

Riggle (39) Biometrics SX230 and SG65 The flexor digitorum super ficialis and extensor digitorum communis

Lee (36) DelsysTM EMG Biceps, triceps, deltoid, trapezius, flexor carpi ulnaris, extensor digitorum, thenar 

compartment, and erector spinae

Dai (42) BTS FREEEMG 300 wireless EMG Flexor carpi ulnaris, biceps, deltoid and trapezius

Wang (43) Trigno Wireless EMG Bilateral biceps, triceps, deltoid, and trapezius muscles

Athanasiadis (46) model DataLITE The deltoid and trapeziusmuscles

Nieboer (49) Porti 32, TMS International The trapezius and deltoid muscles and brachioradial and abductor pollicis brevis 

muscles

Moss (51) Wireless miniature low cost EMG sensor using gold 

plated dry electrodes

Shoulder muscles

Pérez-Duarte (53) Biopac Systems The right forearm flexors and extensors muscles

Baird (56) Delsys Trigno EMG Arm, shoulders, back, and legs

Asadi (57) model DataLITE The deltoid and trapezius muscles

Steinhilber (60) THUMEDI, Thum-Jahnsbach Musculus trapezius pars descendens, musculus deltoideus pars acromialis, musculus 

biceps brachii (BIC), musculus extensor digitorum, and musculus flexor carpi radialis

Yoon (61) TeleMyo 2,400 T DTS The splenius capitis, upper trapezius, middle deltoid, flexor carpi radialis, extensor carpi 

radialis, lumbar erector spinae, rectus femoralis and tibialis anterior

Zihni (80) 8-channel Bioradio Bicep, tricep, deltoid and trapezius muscles

Shergill (63) TeleMyo 2,400 T telemetric EMG system Extensor carpi radialis, the flexor digitorum superficialis, and the left abductor pollicis 

longus

Butler (65) Jamar hydraulic hand grip dynamometer Dominant hand

Lim (66) LXM 3208-RF EMG Sternocleidomastoid, trapezius pars descendens, brachioradialis, erector spinae 

longissimus

Zhang (67) Delsys Trigno EMG Trapezius, bicipital, brachioradialis and flexor carpi ulnaris muscles
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proposed an overall research framework. The studies revealed that 
ergonomic challenges are prevalent in real and simulated surgical 
environments, with a significant impact on workloads. Our analysis 
underscores the multifaceted nature of ergonomic risks in endoscopic 
procedures. It highlights the importance of considering the entire 
surgical ecosystem, including the surgical team, equipment, patient 
characteristics, and the specific surgical procedure, to effectively 
address these challenges. The findings from this comprehensive review 
serve as a pivotal guide for future ergonomic assessments and 
interventions aimed at enhancing surgeon well-being and patient safety 
in endoscopic surgery.
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