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Abstract

Objective

Lack of ergonomic training and poor ergonomic habits during the operation leads to muscu-

loskeletal pain and affects the surgeon’s life outside of work. The objective of the study was

to evaluate the severity of ergonomic hazards in the surgical profession across a wide range

of surgical subspecialties. We conducted intraoperative observations using Rapid Entire

Body Assessment (REBA) score system to identify ergonomic hazards. Additionally, each

of the ten surgical subspecialty departments were sent an optional 14 question survey

which evaluated ergonomic practice, environmental infrastructure, and prior ergonomic

training or education. A total of 91 surgeons received intraoperative observation and were

evaluated on the REBA scale with a minimum score of 0 (low ergonomic risk <3) and a maxi-

mum score of 10 (high ergonomic risk 8–10). And a total of 389 surgeons received the sur-

vey and 167 (43%) surgeons responded. Of the respondents, 69.7% reported suffering from

musculoskeletal pain. Furthermore, 54.9% of the surgeons reported suffering from the high-

est level of pain when standing during surgery, while only 14.4% experienced pain when sit-

ting. Importantly, 47.7% stated the pain impacted their work, while 59.5% reported pain

affecting quality of life outside of work. Only 23.8% of surgeons had any prior ergonomic

education. Both our subjective and objective data suggest that pain and disability induced

by poor ergonomics are widespread among the surgical community and confirm that sur-

geons rarely receive ergonomic training. Intraoperative observational findings identified that

the majority of observed surgeons displayed poor posture, particularly a poor cervical angle

and use of ergonomic setups, both of which increase ergonomic risk hazards. This data sup-

ports the need for a comprehensive ergonomic interventional program for the surgical team

and offers potential targets for future intervention.
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Introduction

The operative tasks, which surgeons undertake every day, require not only mental sharpness,

concentration, hand-eye coordination and precise execution of movement, but also minutes to

hours of sustained posture with prolonged static exertion [1, 2]. While surgery is an inherently

dynamic environment, where conditions change in a split-second, a surgeon, more often than

not, assumes a poor, ergonomically limited postural position in order to ensure that the surgi-

cal area of interest is optimally exposed and accessed. Until recently, the medical field has

exclusively focused patient welfare, primum non nocere, neglecting the physician’s self-care

and well-being [3, 4].

Ergonomics is “the concept of designing the working environment to fit the worker, instead

of forcing the worker to fit the working environment” [5]. Recent studies have emphasized the

hazards of improper workplace ergonomics within the surgical field. Globally, between 23–

100% of surgeons across various subspecialties, report some degree of musculoskeletal (MSK)

discomfort stemming from poor ergonomics during work [6]. Lack of ergonomic training and

subsequent ergonomic practice during the operation leads not only to discomfort and pain but

also results in fatigue, and can affect surgical speed and stamina, as well as concentration [4, 7].

Furthermore, outside of work, surgeons report that occupationally-induced MSK pain leads to

disturbance in sleep, relationships, and has a negative effect on quality of life [7, 8].

While a recent meta-analysis of surgical ergonomics studies analyzed forty articles that

examined subjective MSK symptoms and ergonomic outcomes through surveys across various

surgical subspecialties [3], only a few studies have looked at objective body position measure-

ments as it relates to intraoperative ergonomics. One such study objectively assessed intrao-

perative ergonomics using Rapid Upper Limb Assessment (RULA) and observed that 0% (0/

275) of pediatric otolaryngologists were found to have a negligible level of ergonomic risk [9].

Other objective tools that are commonly used to assess ergonomics include the Ovako Work-

ing Analysis System, Posture, Activity, Tools, and Handling analysis, and the Rapid Entire

Body Assessment (REBA) [8].

The REBA is a standardized observational tool developed to enable quantitative measure-

ment of postural strain and discomfort. It does so by scoring overall ergonomics by evaluating

different body segments for muscle activity caused by static, dynamic, rapidly changing or

unstable postures [10]. The tool is available as an app, which enabled continuous real-time

assessments and documentation of the risk of ergonomic injury. Our group previously evalu-

ated REBA through observing Otolaryngologists at our institution and examining how objec-

tive and subjective scores correlated to ergonomic hazards [8]. Based on the success of the

initial study, we expanded the project to complete a cross comparison analysis between multi-

ple surgical subspecialties. This study aimed to explore the occupational risk to surgeons across

multiple surgical subspecialties by comparing objective and subjective measures of ergonomic

hazard. It set out to identify the prevalence of pain, prior ergonomic knowledge, and the influ-

ence of former ergonomic education on future OR behavior. Our manuscript is novel as it

assesses both objective and subjective intraoperative ergonomic hazards and severity of MSK

symptoms across multiple surgical specialties.

Materials and methods

Study design and participants

This was a prospective observational study of a cohort of surgeons in a tertiary hospital setting.

For enrollment, our team attended Departmental meetings, where the aim of the study was

explained, and surgeons were recruited at will and verbally consented for participation. For
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this study, 389 surgeons were invited to participate in the study from ten surgical programs,

including: Cardiovascular, General, Neurosurgery, Obstetrics and Gynecology, Ophthalmol-

ogy, Orthopedic, Otolaryngology, Plastics, and Vascular. Interventional Radiologists were also

included. Of the 389 surgeons invited, 167 (43%) responded to the anonymous survey. The

participants consisted of attending staff, residents, and fellows. No exclusion criteria were set

in place as there was an ongoing recruitment of willing participants. The study was reviewed

by the Stanford University Institutional Review Board, prior to commencement, and was

deemed as a quality assurance / quality improvement study.

Survey: Subjective ergonomic hazard evaluation tool

Stanford Healthcare’s Environmental Health and Safety Ergonomics Program, in collaboration

with the Stanford Department of Otolaryngology-Head & Neck Surgery conducted a study of

selected occupational health effects associated with the practice of surgery between 2016 to

2018. A 14-question survey evaluating self-reported (S1 Table) MSK discomfort, knowledge of

ergonomics, and availability of ergonomic equipment was generated using online software

(Survey Monkey, Palo Alto, California, USA) [8]. The survey also evaluated the number of

years the participant was from the initiation of surgical training. The survey was distributed by

e-mail to the faculty and surgical trainees across the ten surgical and interventional depart-

ments at Stanford Medical Center. The physicians were allotted one month to complete the

anonymous survey. Throughout this period, one reminder e-mail was sent. At the conclusion

of the survey, responses were collected and analysed.

Rapid Entire Body Assessment (REBA)—objective ergonomic hazard

evaluation tool

The objective evaluation of ergonomic injury risk was done using a validated ergonomic risk

assessment tool called Rapid Entire Body Assessment (REBA) after obtaining a verbal consent

[10, 11]. A complete description of REBA can be found in our previously published data and

briefly presented here [8]. As recorded in the app, the neck, trunk and leg position were evalu-

ated first and the total score for the evaluation provided at the end (Fig 1A). Upper extremities

were evaluated second, specifically the upper and lower arm as well as wrist position (Fig 1B).

Finally, the activity score, which accounts for the length of time in a position and the repetitive-

ness of activity, is given in Fig 1C. Then the final REBA score for our surgeon’s evaluation was

recorded and reported in our manuscript (Fig 1D). Observation of surgeons during surgery

took place over several months and covered a range of postures: seated and using microscopic

interventions, seated and conducting robotic surgery, standing open surgery and standing

endoscopic. The surgeons were verbally consented to participate in observation by the Ergo-

nomics team initially prior to observation and then on the day of the observation in the operat-

ing room. Observations of the participant were conducted on the availability of the Ergonomics

team as well as the surgeon on any given date. Not all of the participants that completed the sur-

vey were observed in the operating room setting. The REBA scores range from 0 to 15. Increases

in REBA stratifying scores indicates ergonomic injury risk and is interpreted as follows; low risk

(3 or less), medium risk (4 to 7), high risk (8 to 10), and very high risk (11 and above). On aver-

age Ophthalmology surgeries were 30 minutes or less, while the remaining subspecialties had

intraoperative observation done over 2 hours, at which point the observation was stopped.

Statistical analysis

A chi-square test and Fisher’s exact test were used to test the association between two categori-

cal variables. Chi-square was used when the expected number of subjects in every cell was five
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Fig 1. REBA app for intraoperative observation of ergonomic risk assessment severity. (A and B) REBA score for

limbs as well as for the head and neck evaluation. (C) Activity score. (D) The REBA final risk level assessment score

and recommendation, provided at the end of the assessment where the color represents severity risk as follows:

green = low risk (3 or less), yellow = medium risk (4–7), orange = high risk (8–10), red = very-high risk (11 and above).

https://doi.org/10.1371/journal.pone.0244868.g001
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or more. When the expected number of subjects in any cell fell below five a Fisher’s exact test

was applied. To compare REBA scores between different categories of covariates a t-test was

utilized. For analysis, our team used the SAS 9.4 (SAS Institute, NC) statistics software package

and a p value of less than 0.05 was considered statistically significant.

Results

Out of the 389 surgeons that received the survey, 167 (42.9%) responded across eight out of

ten programs that the surveys were sent to. The surgical departments participating in the sur-

vey comprised of Otolaryngology (n = 48, 28.8%), Ophthalmology (n = 26, 15.6%), Obstetrics

and Gynecology (n = 21, 12.6%), Cardiovascular (n = 15, 8.9%), Neurosurgery (n = 3, 1.8%),

General, Plastics, and Vascular surgery had only one respondent (0.6%) in each and 51

(30.5%) of the surgeons did not specify their subspecialty. In our cohort, 67 of the surgeons

were female (40.1%) and 100 (59.9%) were male. A third of the responders (29.0%) were in

their initial five years of surgical training.

Ergonomic knowledge and accessibility

There were 155 participants that responded to questions on ergonomics knowledge (Table 1).

Of those 155, 118 (76.1%) surgeons had no prior ergonomics training while 37 had some ergo-

nomics training prior to the study. Eight (5.2%) stated that training occurred during medical

Table 1. Responses to the ergonomics survey questionnaire.

Training prior to study N (%)

Never 118 (76.1%)

Residency 13 (8.4%)

Other 13 (8.4%)

Medical school 8 (5.2%)

Expert 3 (1.9%)

No access to ergonomic chair/stools

In operating room 47 (28.1%)

In clinic 26 (15.6%)

Position most commonly taken when operating

Standing

Open 87 (52.7%)

Endoscopic 27 (16.4%)

Microscopic 5 (3%)

Sitting

Microscopic 42 (25.5%)

Endoscopic 2 (1.2%)

Robotic 2 (1.2%)

Activity that causes the most back pain

Standing (surgery) 72 (55%)

None 29 (22.1%)

Sitting (surgery) 13 (9.9%)

Other 12 (9.2%)

Sitting (clinic) 5 (3.8%)

Significant discomfort while operating

No pain 51 (30.5%)

Both the lumbar and cervical 43 (25.8%)

(Continued)
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school, 13 (8.4%) received it while in residency, 3 (1.9%) obtained it from an expert consulta-

tion, while another 13 (8.4%) reported other means of receiving training.

In regard to ergonomic accessibility, out of 167 surgeons, 141 (84.4%) stated that they did

not have access to ergonomic chair/stools in their clinic. Furthermore,120 (71.8%) surgeons

reported no access to this equipment in the operating room.

Subjective ergonomic hazard assessment

As shown in Table 1, across the 167 responders, the most frequently assumed position during

surgery was standing, especially during open surgical procedures (n = 87, 52.7%). The standing

position was also the most common position leading to back pain (n = 72, 53.9%). A total of

69.4% of responders reported significant discomfort while operating, with the most common

location of discomfort occurring in both the lumbar and cervical regions (n = 43, 25.7%).

Overall, neck pain was the single most common area of pain reported (n = 35, 20.9%-cervical

pain only). A third of the participants (n = 51, 30.5%) reported no significant pain during sur-

gery. More than half of the surgeons reported experiencing pain at least once a week (51.7%),

with 20.0% of the responders indicating experiencing pain more than three times per week or

continuously. Using a numerical pain scale with 0 being no pain and 10 reflecting the most

severe pain, the average severity of MSK pain described either during surgery or in clinic was

2.9 across subspecialties, reflecting an underlying level of discomfort.

When comparing the years from initiation of surgical training, and levels of MSK pain

(Table 2), 87.7% of surgeons with less than five years of training, (43 out of 49), reported

experiencing pain. For those that had more than five years of training the percentage was still

high but was similar across groups: 22 out of 33 (66.7%) in those with 5–10 years, in 21 out of

36 (58.3%) from the group with 11–20 years, in 23 out of 37 (62.2%) in those with 21–30 years

of training, and in 7 out of 12 (58.3%) in those with greater than 30 years of training. The over-

all difference is statistically significant (p = 0.02).

Table 1. (Continued)

Cervical neck pain 35 (21%)

Limb 26 (15.6%)

Lumbar pain 12 (7.2%)

Frequency experiencing this pain

<once/week 61 (48%)

1–2 times 41 (32.3%)

> = 3 times 23 (18.1%)

Continuously 2 (1.6%)

Discomfort/pain affected work

Not at all 67 (52.3%)

Mildly 42 (32.8%)

Moderately 17 (13.3%)

Severely 2 (1.6%)

Discomfort/pain affected outside work

Not at all 53 (40.5%)

Mildly 49 (37.4%)

Moderately 26 (19.9%)

Severely 3 (2.3%)

Severity of MSK pain, mean (± S.D.) 2.9 (± 2.0)

https://doi.org/10.1371/journal.pone.0244868.t001
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Surgeons were further asked whether the pain affected their ability to work or perform

activities outside of work. Of those that responded, 61 (47.6%) stated that pain affected their

work (32.8% mildly, 13.2% moderately, and 1.6% severely), with 39 participants choosing not

to respond. More surgeons indicated that pain impacted their life outside of work (n = 78,

59.5%). They reported either mild 49 (37.4%), moderate 26 (19.8%), or a severe 3 (2.3%) effect

on outside activities. The rest of the responding surgeons 53 (40.5%) reported no affect, with

36 participants not responding to this question (See Table 1).

When comparing each subspecialty, neurosurgery, general, plastics, and vascular surgery

had the highest number of surgeons reporting pain (100.0%). This should be interpreted cau-

tiously as there were very few responders in each of those subspecialties (n = 3, 1, 1, 1 respec-

tively) (Table 3). In the rest of the subspecialties, 60.0–72.9% of the surgeons described pain.

Otolaryngologists (n = 15, 31.3%) and ophthalmologists (n = 8, 20.7%) noted experiencing dis-

comfort in the cervical neck region while operating. Cardiovascular surgeons and surgeons

who did not otherwise state their surgical subspecialty, reported experiencing both cervical

and lumbar pain during surgery (n = 5, 33.3% and n = 14, 27.4% respectively). Obstetrics and

gynecology surgeons most often experienced limb pain while operating (n = 7, 33.3%). How-

ever, the overall difference doesn’t reach statistical significance (p = 0.09).

Objective intraoperative ergonomic hazard assessment

The REBA scores were generated during intraoperative observations to evaluate the surgeon’s

risk of injury. A total of 91 surgeons were intraoperatively observed by REBA evaluations. The

lowest REBA score for a standing surgery was 1 with the highest being 10 (n = 71, mean 6.65,

S.D ±1.84). The lowest observed score for sitting operation was 0 with the highest being a 9

(n = 20, mean 3.35, S.D. ±2.39). The average difference in REBA scores for standing surgery

were significantly higher than those for sitting (6.65 vs. 3.35, p<0.0001). Intraoperative

Table 2. Correlation between MSK pain and years from initiating surgical training.

Years in surgical training Experiencing MSK pain

<5 years 43 (87.8%)

5–10 years 22 (66.7%)

11–20 years 21 (58.3%)

21–30 years 23 (62.2%)

>30 years 7 (58.3%)

https://doi.org/10.1371/journal.pone.0244868.t002

Table 3. Significant subjective reported discomfort while operating across subspecialties.

Pain location N (%)
Surgical Specialty Cervical Lumbar Both Limbs No pain Total

Cardiac 2 (13.3%) 0 (0%) 5 (33.3%) 2 (13.3%) 6 (40.0%) 15

General 0 (0%) 1 (100.0%) 0 (0%) 0 (0%) 0 (0%) 1

Neurosurgery 1 (33.3%) 0 (0%) 2 (66.7%) 0 (0%) 0 (0%) 3

OB/Gyn 2 (9.5%) 2 (9.5%) 2 (9.5%) 7 (33.3%) 8 (38.2%) 21

Ophthalmology 8 (30.8%) 0 (0%) 7 (26.9%) 2 (7.7%) 9 (34.6%) 26

Otolaryngology 15 (31.3%) 3 (6.2%) 11 (22.9%) 6 (12.5%) 13 (27.1%) 48

Plastic 0 (0%) 0 (0%) 1 (100.0%) 0 (0%) 0 (0%) 1

Vascular 0 (0%) 0 (0%) 1 (100.0%) 0 (0%) 0 (0%) 1

Not reported 7 (13.7%) 6 (11.8%) 14 (27.4%) 9 (17.7%) 15 (29.4%) 51

Total 35 (21.0%) 12 (7.2%) 43 (25.7%) 26 (15.6%) 51 (30.5%) 167

https://doi.org/10.1371/journal.pone.0244868.t003
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observations across subspecialties are summarized in Table 4. Ophthalmology had the lowest

mean observed REBA score of 0 (S.D. 0, n = 5), while neurosurgery had the highest at 8.57 (S.

D. 1.27, n = 7), corresponding to low and high ergonomic risk, respectively. The remaining

subspecialties fell into the medium intraoperative ergonomic risk hazard with mean scores

varying from 4.80 for interventional radiology (S.D. 1.30, n = 5) to 7.83 for orthopedic surgery

(S.D. 0.75, n = 6).

Discussion

To our knowledge, our study is unique; after a comprehensive search in the English literature,

we were unable to find a study that compared both objective and subjective correlation data of

MSK symptoms and intraoperative ergonomic hazard across multiple surgical subspecialties.

The MSK pain and injury suffered by surgeons is a frequent occurrence particularly in the con-

text of prolonged procedures which require the surgeon to operate in a static posture for an

extended period of time. This discomfort and the impact from poorly adapted ergonomics in

surgical practice was validated in our paper using both objective and subjective assessments.

Poor knowledge of ergonomics and lack of access to ergonomically

favorable furniture

Previous studies, examining knowledge of ergonomics have found that a third or less of

surveyed surgeons have any prior knowledge or training or proper OR ergonomics. A large

survey study among the North American otolaryngologist residents and facial plastic sur-

geons showed that only 33.2% (n = 125) of participants had prior knowledge of ergonomic

principles [12]. In line with this and other studies, our surgeon population had little knowl-

edge of ergonomics (23.9%) [12–14]. A significant factor that contributes to poor MSK out-

comes is the lack of awareness of ergonomics within the medical and more specifically, the

surgical field. While there is a substantial percentage of surgeons that report MSK pain

directly attributed to poor surgeon body position during surgery, a surprising 55–99% of

surgeons, across multiple subspecialties, report having no prior knowledge of ergonomics

principles [15].

Further compounding this issue, was that only 15.6% of the surgeons in our study had

access to ergonomically favorable furniture in the office and only 28.1% reported having access

to it in the operating room. In the US, the majority of studies focusing on occupational ergo-

nomics have centered around office space and computer use [3]. An entire industry has devel-

oped providing equipment designed to reduce the risk of injury from using a computer, while

Table 4. Intraoperative objective REBA observation scores across subspecialties.

Surgical Specialty N Min Max Mean (± S.D.)

Cardiac 6 6 8 7.0 (± 0.9)

General 9 3 9 7.0 (± 1.7)

Interventional Rad. 5 4 7 4.8 (± 1.3)

Neurosurgery 7 6 10 8.6 (± 1.3)

OB/Gyn 5 4 7 5.6 (± 1.1)

Ophthalmology 5 0 0 0.0 (± 0.0)

Orthopedics 6 7 9 7.8 (± 0.8)

Otolaryngology 38 1 9 5.4 (± 2.1)

Plastics 5 7 9 7.4 (± 0.9)

Vascular 5 6 8 6.8 (± 0.8)

https://doi.org/10.1371/journal.pone.0244868.t004
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the surgical field appears to be lagging behind. The main feature of such equipment is adjust-

ability, so that the overall workstation fits the user’s stature and posture, whether the individual

is sitting or standing. Adjustable chairs and stools, instrument tables, the operating table itself,

and lights were noted in the ORs surveyed in this study. Some, but rarely all, of these items

were adjusted to the attending physician’s stature. However, the number of adjustable features

varied, and many surgeons were unaware of the full range of adjustable features, while some

felt these features didn’t make much difference. They also did not have the training in ergo-

nomics that would allow appropriate risk assessment and a consideration of the cost and bene-

fit of not using the equipment to full advantage.

Musculoskeletal discomfort as reported across surgical subspecialties and

observed in the operating room

Given that this study was done across different surgical specialties, each using specialty-specific

surgical techniques, the level of ergonomic hazard was reflected both in the questionnaire and

the objective REBA scores. Standing was the most common position leading to back pain

(n = 72, 53.9%). However, the trend of MSK discomfort across specialties was the same, with

surgeons experiencing both lumbar and cervical (n = 43, 25.7%) pain, with cervical being the

most common site (n = 35, 21.0%). This is in line with a recently published meta-analysis that

examined a total of 5152 surveyed surgeons looking at reported pain across multiple surgical

subspecialties and finding that back (50%), neck (48%), and arm or shoulder (43%) pain was

the most common [3].

As with other ergonomic studies of MSK symptoms in surgeons, we found that pain was

associated with forward neck flexion, which is greatest when the surgeon is standing. This is

easily understood from both observation and the REBA scores. The surgeon’s head is bent for-

ward with the neck angle between 20 and 60 degrees, which translates to an increase in forces

on the cervical spine, from 10 to 12 lbs. in the neutral position, to 60 lbs. in the flexed position

[16]. Furthermore, this posture may be held for several minutes and, in rare cases, hours.

Holding the head in this position, together with other static postures, places the surgeon at

considerable risk of injury. Muscles become exhausted more quickly in static postures. The

pressure of completing the task often causes the surgeon to continue through the fatigue. This

strain can lead to acute and chronic MSK injury.

There is a clear trend that surgeries with longer OR times have increased ergonomic

risk. The issue of sitting and/or standing while performing work tasks has been investigated

extensively in recent years, primarily focused on postures for computer use [15]. We noted

during our REBA observation study that many surgeries, done from a seated position,

could easily adapt good ergonomic postures. This was often true for both open and micro-

scopic procedures in neurosurgery, otological surgery, and ophthalmic surgery. While

robotic assisted surgery clearly has superior ergonomics, further improvements could be

made according to our observations. The foot pedal location was fixed on the console mak-

ing it difficult for some to reach the pedals. Additional risks observed while using robotic

consoles included surgeons maintaining a sustained forward reach posture while maneu-

vering the controls and not resting the controls close to their core. Furthermore, prior to

performing the surgeries, the prep phase, albeit short in comparison, was often performed

with poor ergonomics. Overall, sitting was better than standing from an ergonomic per-

spective, across the specialties. The standing position alone, on average, added up to 3 lev-

els of risk (e.g., REBA score increased from 4 to 7) over seated REBA scores. Whether

standing or sitting, micro breaks of two minutes, every 20–40 minutes, appear to be a rea-

sonable addition to integrate for most surgical procedures [17].
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Poor ergonomics starts early in surgeons’ career

In our analysis, surgeons in their early years of training had a significantly higher number of

MSK complaints when compared to their senior colleagues. This is in line with a recent study

in surgical residents which showed that 82.3% of residents experience some form of MSK pain,

and16.3% of residents report having to scrub out of ongoing operating procedures or missing

work due to their symptoms [18]. It can also be speculated that the general culture of surgeons

leads to a bias toward under-reporting their own discomfort [19]. It is also possible that senior

surgeons represent a form of the “Health worker survivor effect”, whereby those who have sig-

nificant pain from operating have moved into other roles (e.g. administration, research or

early retirement), while the healthier surgeons continue to operate. Even so, nearly 60% of sur-

geons in our study across all years of expertise experienced MSK pain, with more than half

experiencing pain at least once a week (51.7%). Another explanation for higher rate of MSK

symptoms among residents is that the ergonomic settings are usually adjusted to the senior

surgeon’s specification, while the junior surgeon is expected to adapt. Overall, these numbers

are high and alarming. MSK pain and poor ergonomics are also problematic for those consid-

ering surgery. A recent study conducted on medical students pursuing surgery found that 73%

reported experiencing MSK discomfort during their rotation [20]. Over a third of the students

were deterred from the surgical field, especially when the student was informed on the risk of

MSK injury in surgeons [20].

The current roadblocks and the future of ergonomics in surgery

With the recent focus on improving physician health, limiting surgical training hours, mini-

mizing burnout and generally improving physician work-life balance, physicians are starting

to look for ways to improve everyday ergonomics–(although these efforts still lag far behind

those in other non-medical fields). Despite this increase in awareness of the importance of

ergonomics, it is currently insufficiently incorporated into everyday surgical practice. This is

partially an artifact of traditional surgical culture, in which surgeons were trained to ignore

bodily discomfort and self-care. It is also partially attributed to a general OR culture of resis-

tance to change [21, 22]. This has created a reality in which MSK injuries are underreported,

even while the majority of surgeons endure occupationally induced MSK pain [19].

Improvements in surgical ergonomics can potentially alleviate risk factors that lead to MSK

injuries and thus enhance the surgeon’s productivity and performance, reduce time off work,

prolong surgical careers and ultimately improve patient care [21, 22]. While surgical ergonom-

ics initially gained some attention in the early 1990s, there appear to have been few improve-

ments in practice [23]. With increasingly strong evidence of widespread occupational injury

among surgeons, little research has been conducted into methods of remediation. Given the

severity of the problem, there is a clear need for guideline development followed by validated

and implementable interventional programs. We are calling for intervention while taking into

account the cultural hurdle of making changes in the surgical profession. One could consider

intervention as early as medical school.

We acknowledge that certain aspects of our study, such as subjective MSK symptoms and

outcomes, have been studied in other medical specialties [3]. We further recognize that

although limited, the REBA methodology is used as an initial posture analysis. In order to eval-

uate the actual MSK load of the surgeon during the operation, other tools such as surface elec-

tromyography (to be able to estimate dynamic force or fatigue during a tasks) [24],

simulation-based ergonomics training curriculum [25], and other instrumented and assess-

ment tools, would be more meaningful—especially as it relates to evaluating the underlying

MSK disorders in this surgical cohort. An additional limitation is not having an interpersonal
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correlation between reported symptoms on the survey and intraoperative REBA observations,

due to the anonymous nature of the survey. Thus, conclusions on an individual level between

the subjective and objective measures could not be made. Nevertheless, our study is unique as

we tried to examine these correlations across a comprehensive list of surgical fields. Moreover,

although there are limitations to our study, the ultimate benefits of intervention might only be

seen in the future—after years of improved awareness and implementation of ergonomics

have been adopted within the medical culture. We believe there is enough of evidence to sup-

port the next stage of motivating cross-institutional interventional programs in prevention

and ergonomic training. In doing so, our ultimate goal is to both improve day to day com-

plaints, and in the long run promote healthy medical careers and improve surgeons’ quality of

life. Future studies specifically looking at these parameters should be undertaken to correlate

the relationship across multiple surgical fields. Overall, our results highlight the challenges as

observed objectively and reported subjectively that arise from poor ergonomics in the operat-

ing room and we hope that this information will further provide insight for potential future

targets for intervention.

Conclusion

Our data suggests that pain and disability as a result of poor ergonomics are widespread across

surgical specialties and confirms that surgeons rarely receive implementable ergonomic train-

ing in the context of surgery. Additionally, intraoperative observational findings identified

that the majority of surgeons display poor posture, particularly a poor cervical angle, which

leads to increased ergonomic risk hazard and is associated with subjective cervical pain. With

the low rate of ergonomic awareness, lack of access to ergonomic equipment and furniture,

and high rates of MSK complaints across different stages of the surgeon’s work and outside

life, the need for ergonomics education is imperative.

Supporting information

S1 Table.

(DOCX)

Acknowledgments

We would like to acknowledge Michael Piekry for his for constructive criticism of the

manuscript.

Author Contributions

Conceptualization: John Vaughan, Raghav Gupta, Alicia H. Beth, Justin M. Moore, Robert K.

Jackler, Yona Vaisbuch.

Data curation: Ksenia A. Aaron, John Vaughan, Raghav Gupta, Alicia H. Beth, Justin M.

Moore.

Formal analysis: Ksenia A. Aaron, John Vaughan, Raghav Gupta, Noor-E-Seher Ali, Alicia H.

Beth, Justin M. Moore, Yifei Ma, Yona Vaisbuch.

Investigation: Yona Vaisbuch.

Methodology: Ksenia A. Aaron, John Vaughan, Alicia H. Beth, Justin M. Moore, Yona

Vaisbuch.

PLOS ONE The ergonomic hazards for surgeons

PLOS ONE | https://doi.org/10.1371/journal.pone.0244868 February 9, 2021 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244868.s001
https://doi.org/10.1371/journal.pone.0244868


Supervision: Ksenia A. Aaron, John Vaughan, Justin M. Moore, Robert K. Jackler, Yona

Vaisbuch.

Validation: John Vaughan, Noor-E-Seher Ali, Yifei Ma, Iram Ahmad.

Writing – original draft: Ksenia A. Aaron, Yona Vaisbuch.

Writing – review & editing: John Vaughan, Raghav Gupta, Noor-E-Seher Ali, Alicia H. Beth,

Justin M. Moore, Yifei Ma, Iram Ahmad, Robert K. Jackler, Yona Vaisbuch.

References
1. Szeto GP, Cheng SW, Poon JT, Ting AC, Tsang RC, Ho P. Surgeons’ static posture and movement

repetitions in open and laparoscopic surgery. J Surg Res. 2012; 172(1):e19–31. https://doi.org/10.

1016/j.jss.2011.08.004 PMID: 22079837.

2. Berguer R. Surgery and ergonomics. Arch Surg. 1999; 134(9):1011–6. https://doi.org/10.1001/

archsurg.134.9.1011 PMID: 10487599.

3. Stucky CH, Cromwell KD, Voss RK, Chiang YJ, Woodman K, Lee JE, et al. Surgeon symptoms, strain,

and selections: Systematic review and meta-analysis of surgical ergonomics. Ann Med Surg (Lond).

2018; 27:1–8. https://doi.org/10.1016/j.amsu.2017.12.013 PMID: 29511535; PubMed Central PMCID:

PMC5832650.

4. Voss RK, Chiang YJ, Cromwell KD, Urbauer DL, Lee JE, Cormier JN, et al. Do No Harm, Except to Our-

selves? A Survey of Symptoms and Injuries in Oncologic Surgeons and Pilot Study of an Intraoperative

Ergonomic Intervention. J Am Coll Surg. 2017; 224(1):16–25 e1. Epub 2016/10/04. https://doi.org/10.

1016/j.jamcollsurg.2016.09.013 PMID: 27693681.

5. Stylopoulos N, Rattner D. Robotics and ergonomics. The Surgical clinics of North America. 2003; 83

(6):1321–37. Epub 2004/01/10. https://doi.org/10.1016/S0039-6109(03)00161-0 PMID: 14712869.

6. Catanzarite T, Tan-Kim J, Whitcomb EL, Menefee S. Ergonomics in Surgery: A Review. Female Pelvic

Med Reconstr Surg. 2018; 24(1):1–12. Epub 2017/09/16. https://doi.org/10.1097/SPV.

0000000000000456 PMID: 28914699.

7. Howarth AL, Hallbeck S, Mahabir RC, Lemaine V, Evans GRD, Noland SS. Work-Related Musculoskel-

etal Discomfort and Injury in Microsurgeons. J Reconstr Microsurg. 2019; 35(5):322–8. Epub 2018/10/

17. https://doi.org/10.1055/s-0038-1675177 PMID: 30326524.

8. Vaisbuch Y, Aaron KA, Moore JM, Vaughan J, Ma Y, Gupta R, et al. Ergonomic hazards in otolaryngol-

ogy. Laryngoscope. 2019; 129(2):370–6. Epub 2018/11/27. https://doi.org/10.1002/lary.27496 PMID:

30474217.

9. Rodman C, Kelly N, Niermeyer W, Banks L, Onwuka A, Mason E, et al. Quantitative Assessment of Sur-

gical Ergonomics in Otolaryngology. Otolaryngology—head and neck surgery: official journal of Ameri-

can Academy of Otolaryngology-Head and Neck Surgery. 2020:194599820932851. Epub 2020/07/01.

https://doi.org/10.1177/0194599820932851 PMID: 32600215.

10. Hignett S, McAtamney L. Rapid entire body assessment (REBA). Applied ergonomics. 2000; 31

(2):201–5. Epub 2000/03/11. https://doi.org/10.1016/s0003-6870(99)00039-3 PMID: 10711982.

11. Janowitz IL, Gillen M, Ryan G, Rempel D, Trupin L, Swig L, et al. Measuring the physical demands of

work in hospital settings: design and implementation of an ergonomics assessment. Appl Ergon. 2006;

37(5):641–58. https://doi.org/10.1016/j.apergo.2005.08.004 PMID: 16226213.

12. Ho TT, Hamill CS, Sykes KJ, Kraft SM. Work-related musculoskeletal symptoms among otolaryngolo-

gists by subspecialty: A national survey. Laryngoscope. 2018; 128(3):632–40. https://doi.org/10.1002/

lary.26859 PMID: 28895155.

13. Schlussel AT, Maykel JA. Ergonomics and Musculoskeletal Health of the Surgeon. Clinics in colon and

rectal surgery. 2019; 32(6):424–34. Epub 2019/11/07. https://doi.org/10.1055/s-0039-1693026 PMID:

31686994; PubMed Central PMCID: PMC6824896.

14. Cavanagh J, Brake M, Kearns D, Hong P. Work environment discomfort and injury: an ergonomic sur-

vey study of the American Society of Pediatric Otolaryngology members. Am J Otolaryngol. 2012; 33

(4):441–6. https://doi.org/10.1016/j.amjoto.2011.10.022 PMID: 22154017.

15. Agarwal S, Steinmaus C, Harris-Adamson C. Sit-stand workstations and impact on low back discomfort:

a systematic review and meta-analysis. Ergonomics. 2018; 61(4):538–52. Epub 2017/11/09. https://doi.

org/10.1080/00140139.2017.1402960 PMID: 29115188.

16. Hansraj KK. Assessment of stresses in the cervical spine caused by posture and position of the head.

Surgical technology international. 2014; 25:277–9. Epub 2014/11/14. PMID: 25393825.

PLOS ONE The ergonomic hazards for surgeons

PLOS ONE | https://doi.org/10.1371/journal.pone.0244868 February 9, 2021 12 / 13

https://doi.org/10.1016/j.jss.2011.08.004
https://doi.org/10.1016/j.jss.2011.08.004
http://www.ncbi.nlm.nih.gov/pubmed/22079837
https://doi.org/10.1001/archsurg.134.9.1011
https://doi.org/10.1001/archsurg.134.9.1011
http://www.ncbi.nlm.nih.gov/pubmed/10487599
https://doi.org/10.1016/j.amsu.2017.12.013
http://www.ncbi.nlm.nih.gov/pubmed/29511535
https://doi.org/10.1016/j.jamcollsurg.2016.09.013
https://doi.org/10.1016/j.jamcollsurg.2016.09.013
http://www.ncbi.nlm.nih.gov/pubmed/27693681
https://doi.org/10.1016/S0039-6109%2803%2900161-0
http://www.ncbi.nlm.nih.gov/pubmed/14712869
https://doi.org/10.1097/SPV.0000000000000456
https://doi.org/10.1097/SPV.0000000000000456
http://www.ncbi.nlm.nih.gov/pubmed/28914699
https://doi.org/10.1055/s-0038-1675177
http://www.ncbi.nlm.nih.gov/pubmed/30326524
https://doi.org/10.1002/lary.27496
http://www.ncbi.nlm.nih.gov/pubmed/30474217
https://doi.org/10.1177/0194599820932851
http://www.ncbi.nlm.nih.gov/pubmed/32600215
https://doi.org/10.1016/s0003-6870%2899%2900039-3
http://www.ncbi.nlm.nih.gov/pubmed/10711982
https://doi.org/10.1016/j.apergo.2005.08.004
http://www.ncbi.nlm.nih.gov/pubmed/16226213
https://doi.org/10.1002/lary.26859
https://doi.org/10.1002/lary.26859
http://www.ncbi.nlm.nih.gov/pubmed/28895155
https://doi.org/10.1055/s-0039-1693026
http://www.ncbi.nlm.nih.gov/pubmed/31686994
https://doi.org/10.1016/j.amjoto.2011.10.022
http://www.ncbi.nlm.nih.gov/pubmed/22154017
https://doi.org/10.1080/00140139.2017.1402960
https://doi.org/10.1080/00140139.2017.1402960
http://www.ncbi.nlm.nih.gov/pubmed/29115188
http://www.ncbi.nlm.nih.gov/pubmed/25393825
https://doi.org/10.1371/journal.pone.0244868


17. Hallbeck MS, Lowndes BR, Bingener J, Abdelrahman AM, Yu D, Bartley A, et al. The impact of intrao-

perative microbreaks with exercises on surgeons: A multi-center cohort study. Appl Ergon. 2017;

60:334–41. https://doi.org/10.1016/j.apergo.2016.12.006 PMID: 28166893.

18. Wong K, Grundfast KM, Levi JR. Assessing work-related musculoskeletal symptoms among otolaryn-

gology residents. Am J Otolaryngol. 2017; 38(2):213–7. https://doi.org/10.1016/j.amjoto.2017.01.013

PMID: 28129913.

19. Davis WT, Fletcher SA, Guillamondegui OD. Musculoskeletal occupational injury among surgeons:

effects for patients, providers, and institutions. J Surg Res. 2014; 189(2):207–12 e6. https://doi.org/10.

1016/j.jss.2014.03.013 PMID: 24721601.

20. Sergesketter AR, Lubkin DT, Shammas RL, Krucoff KB, Peskoe SB, Risoli T Jr., et al. The Impact of

Ergonomics on Recruitment to Surgical Fields: A Multi-Institutional Survey Study. J Surg Res. 2019;

236:238–46. Epub 2019/01/30. https://doi.org/10.1016/j.jss.2018.11.035 PMID: 30694762.

21. Park A, Lee G, Seagull FJ, Meenaghan N, Dexter D. Patients benefit while surgeons suffer: an impend-

ing epidemic. J Am Coll Surg. 2010; 210(3):306–13. https://doi.org/10.1016/j.jamcollsurg.2009.10.017

PMID: 20193893.

22. Sari V, Nieboer TE, Vierhout ME, Stegeman DF, Kluivers KB. The operation room as a hostile environ-

ment for surgeons: physical complaints during and after laparoscopy. Minim Invasive Ther Allied Tech-

nol. 2010; 19(2):105–9. https://doi.org/10.3109/13645701003643972 PMID: 20158410.

23. DICKINSON RL. STANDARDIZATION OF SURGERY. Journal of the American Medical Association.

1914; LXIII(9):763–5. https://doi.org/10.1001/jama.1914.02570090049014

24. Kofler M, Kreczy A, Gschwendtner A. "Occupational backache"—surface electromyography demon-

strates the advantage of an ergonomic versus a standard microscope workstation. Eur J Appl Physiol.

2002; 86(6):492–7. Epub 2002/04/11. https://doi.org/10.1007/s00421-002-0576-6 PMID: 11944096.

25. Khan R, Scaffidi MA, Satchwell J, Gimpaya N, Lee W, Genis S, et al. Impact of a simulation-based ergo-

nomics training curriculum on work-related musculoskeletal injury risk in colonoscopy. Gastrointest

Endosc. 2020; 92(5):1070–80 e3. Epub 2020/03/25. https://doi.org/10.1016/j.gie.2020.03.3754 PMID:

32205194.

PLOS ONE The ergonomic hazards for surgeons

PLOS ONE | https://doi.org/10.1371/journal.pone.0244868 February 9, 2021 13 / 13

https://doi.org/10.1016/j.apergo.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/28166893
https://doi.org/10.1016/j.amjoto.2017.01.013
http://www.ncbi.nlm.nih.gov/pubmed/28129913
https://doi.org/10.1016/j.jss.2014.03.013
https://doi.org/10.1016/j.jss.2014.03.013
http://www.ncbi.nlm.nih.gov/pubmed/24721601
https://doi.org/10.1016/j.jss.2018.11.035
http://www.ncbi.nlm.nih.gov/pubmed/30694762
https://doi.org/10.1016/j.jamcollsurg.2009.10.017
http://www.ncbi.nlm.nih.gov/pubmed/20193893
https://doi.org/10.3109/13645701003643972
http://www.ncbi.nlm.nih.gov/pubmed/20158410
https://doi.org/10.1001/jama.1914.02570090049014
https://doi.org/10.1007/s00421-002-0576-6
http://www.ncbi.nlm.nih.gov/pubmed/11944096
https://doi.org/10.1016/j.gie.2020.03.3754
http://www.ncbi.nlm.nih.gov/pubmed/32205194
https://doi.org/10.1371/journal.pone.0244868

