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Surgeons’ muscle load during robotic-assisted laparoscopy 
performed with a regular office chair and the preferred of two 

ergonomic chairs: A pilot study 
 

ABSTRACT 

Surgeons work in awkward work postures and have high precision demands - well-known risk factors 

for musculoskeletal pain. Robotic-assisted laparoscopy is expected to be less demanding compared 

to conventional laparoscopy; however, studies indicate that robotic-assisted laparoscopy is also 

associated with poor ergonomics and musculoskeletal pain. The ergonomic condition in the robotic 

console is partially dependent upon the chair provided, which often is a regular office chair.  

Our study quantified and compared the muscular load during robotic-assisted laparoscopy using one 

of two custom built ergonomic chairs and a regular office chair. The results demonstrated no 

differences that could be considered clinically relevant. Overall, the study showed high levels of static 

and mean muscular activity, increased perceived physical exertion from pre-to-post surgery, and 

moderate to high risk for musculoskeletal injuries measured by the Rapid Upper Limb Assessment. 

Authors advocate for further investigation in surgeons’ ergonomics and physical work demands in 

robotic surgery.  
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1. INTRODUCTION 

Minimally invasive surgery offers patients the advantages like less post-operative pain and 

discomfort, less bleeding, shorter hospital stay, and quicker return to normal activities compared to 

traditional surgery (Mori and Neubauer, 2013; Walker et al., 2009). However, surgeons who perform 

it suffer due to poor ergonomics (Matern, 2009; Park et al., 2010). Surgeons are exposed to 

cumulative awkward postures and repetitive motions, and studies have identified an association 

between laparoscopy and musculoskeletal pain (Franasiak et al., 2012; Giberti et al., 2014; Lawson 

et al., 2007; Ruitenburg et al., 2013).   

 

Occupational factors such as workstation design, work technique, posture, and tools have a significant 

impact on developing musculoskeletal pain in surgeons (Van Veelen et al., 2003). Conventional 

laparoscopy exposes the surgeons to reduced dexterity and limited freedom of movement (Nguyen et 

al., 2001; Reyes et al., 2006; Sari et al., 2010; Szeto et al., 2009). These ergonomic challenges which 

surgeons face could potentially be diminished with the recent development in minimally invasive 

surgery introducing a robotic console. Robotic-assisted laparoscopy is expected to lead to less muscle 

activity in the upper extremities due to a seated posture with the possibility of forearm support and 

instruments that can be operated by hand and wrist movements (Bagrodia and Raman, 2009; 

Franasiak et al., 2014; Hubert et al., 2013; Wauben et al., 2006). However, some studies have 

indicated that robotic-assisted laparoscopy is also associated with musculoskeletal pain (Craven et 

al., 2013; Giberti et al., 2014; Lee et al., 2017).  

 

Ergonomic recommendations have focused on the individual and aimed to improve posture and work 

environment. One study examined the ergonomics in robotic-assisted laparoscopy and suggested that 

the robotic console chair should have adjustable height, lumbar support, a tilting seat, and tiltable seat 
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angle (Lux et al., 2010). However, in many operating rooms the robotic console is equipped with just 

a regular office chair, not offering the adjustments necessary to accommodate to these advices. Often 

the caster is too big or the seat cannot tilt, thus the surgeon needs to bend forward or skips the support 

of the thighs (Singh et al., 2016). A chair specifically developed to suit the robotic console with a 

smaller caster or adjustable back support would theoretically offer possibilities for changed posture 

with better support for the surgeon, thus leading to less muscle activity in the low back and upper 

extremities (Haddad et al., 2012; Singh et al., 2016).  

 

The aim of the study was to quantify the muscular load during the performance of robotic-assisted 

laparoscopy with the da Vinci Surgical robotic system, comparing one of two custom built ergonomic 

chairs and the regular office chair normally used in the robotic console.    

 

2. METHODS 

The study was observational in design, and consisted of the administration of a questionnaire 

followed by the collection of data on muscle activity, work posture, and perceived physical exertion 

during surgical procedures with one of two custom built ergonomic chairs and a regular office chair. 

 

2.1 Participants 

Six surgeons from Odense University Hospital, Department of Gynaecology and Obstetrics 

volunteered to participate in the study. Participants provided informed consent prior to involvement 

in the study. 

 

 

2.2 Materials and equipment 
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2.2.1 Questionnaire 

The questionnaire was self-administrated and could be completed in 5-10 minutes. It consisted of 

four sections: 1) work history (including time practicing minimally invasive surgery, total hours 

worked per week, and average number of operations performed per week with open procedure, 

conventional laparoscopy and robotic-assisted laparoscopy), 2) musculoskeletal pain intensity the 

previous 3 months and 7 days in the neck, shoulders and low back, rated on a 0-10 point numeric box 

scale  (modified from the Nordic Questionnaire (Kuorinka et al., 1987)), 3) self-rated general health 

(Ware and Gandek, 1998), and 4) demographic information (including age, height, weight, and 

gender).  

 

2.2.2 Electromyography (EMG) 

Muscle activity was recorded bilaterally from the trapezius muscles, the upper neck muscles, and the 

erector spinae muscles by surface electromyography. EMG-electrodes (Ag/AgC1, Ambu Blue 

Sensor, N-00-S/25, Denmark) were placed on three muscles in right and left side of the body. For the 

trapezius muscle, electrodes were positioned 20% medial to half the length between the lateral part 

of the acromion and the seventh cervical vertebra (Holtermann et al., 2009). For the upper neck 

extensor muscles, electrodes were positioned at the level of the fourth cervical vertebra (Gosselin et 

al., 2004; Juul-Kristensen et al., 2004). For the erector spinae muscles, electrodes were positioned 

two fingerbreadths from the first lumbar vertebra (Hermens et al., 1999). Placement sites were 

shaved, scrubbed with cleansing gel, and cleaned with 70% alcohol. EMG-electrodes were positioned 

with an inter-electrode distance of 20 mm and checked for resistance <20 kΩ. The EMG-signal was 

pre-amplified with a gain of 400 through a built-in amplifier in the wireless EMG transmission probes 

(EMG probe, Direct Trans-mission System (DTS), Noraxon Inc., USA). The EMG-signal was low-
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pass filtered at 500 Hz and high-pass filtered at 10 Hz, and sent to a wireless receiver (TeleMyoTM 

2400T, DTS, Noraxon Inc., USA). The EMG-signal was sampled at 1500 Hz (16 bit A/ D converted) 

using a 12-channel configuration and transferred to a laptop (HP EliteBook 6930p notebook). EMG-

data was stored in Noraxon software (Noraxon Inc., USA), converted in MATLAB (MathWorks Inc., 

USA), and analyzed in a custom made analysis program (University of Southern Denmark).  

 

The EMG signal was normalized using Maximal Voluntary Electrical signal (MVE) during isometric 

maximal voluntary contractions previously validated (Essendrop et al., 2001; Faber et al., 2006). For 

normalization of the trapezius muscles, EMG was recorded during the performance of a standardized 

maximal isometric shoulder elevation. The surgeon was seated in a standardized chair with the back 

vertical, arms relaxed, and no floor contact with the feet. The head was positioned anatomically 

neutral, and above each shoulder a transducer was placed one cm medially to the lateral edge of the 

acromion. Both shoulders were simultaneously elevated and pressed towards each transducer during 

the test. For normalization of the upper neck extensor muscles, EMG was recorded during the 

performance of a standardized maximal isometric cervical extension. The surgeon was positioned in 

a standardized chair with the back vertical, arms relaxed, and no floor contact with the feet. The head 

was positioned anatomically neutral, and a transducer was placed at the level of the external occipital 

protuberance. Surgeons were instructed to maintain an anatomical neutral head position and press 

against the transducer. For normalization of the erector spinae muscles, EMG was recorded during 

the performance of a standardized maximal isometric back extension. The surgeons were standing in 

an upright position with relaxed arms, and a strap attached to a strain gauge dynamometer around the 

shoulders at the level of deltoid insertion. The pelvis was placed against a plate with the upper edge 

aligned with the iliac crest of the subject. Surgeons were instructed to tighten the core muscles and 

with maximal strength bend backwards.  
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For each normalization test, three isometric maximal voluntary contractions were performed, 

separated by 30 s for recovery. The EMG root mean square voltage corresponding to the highest 

MVE was used as the reference against which EMG-activity during surgery was normalized 

(%MVE). A window size of 1 s with moving steps of 0.1 s was used for estimating highest MVE, 

and a window size of 1 s with no moving steps was used for estimating %MVE. In addition, mean 

power frequency was calculated for each second during the operation, for each surgeon, chair, and 

muscle to determine sign of fatigue development over time as a slope. 

 

2.2.3 Postural observation and perceived physical exertion 

Postural observations were carried out concurrent with the EMG collection. Observation was carried 

out every 10 minutes during the course of real-time operation. Work posture was recorded by the 

project leader using the Rapid Upper Limb Assessment (RULA) worksheet (McAtamney and Nigel 

Corlett, 1993). RULA is a screening tool for body posture evaluation with a focus on the upper limbs 

in a working environment. The position of the neck, trunk, and upper extremities are used to estimate 

the total body strain with a discrete variable, total RULA. The output of RULA is a score from 1 to 

7, which indicates the necessity of intervention to reduce the risk of injuries and the long-term risk of 

musculoskeletal pain (1-2 = acceptable posture if it is not maintained or repeated for long periods; 3-

4 = further investigation is needed and change may be required; 5-6 = further investigation and change 

are required soon; 7 = investigation and changes are required immediately). The observations were 

performed for both the right and the left upper body side. All observations for each surgeon were 

used to calculate number of scores as well as mean scores for each body part and for total RULA. 

 

Before, approximately midway and at the end of the surgery, physical perceived exertion was 

evaluated using the Borg CR-10 scale (Borg et al., 1987). It is based on an estimate by the surgeon 
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of the perceived physical stress and strain, scored between 1 and 10 (1 indicating lack of strain and 

10 indicating extremely uncomfortable and painful strain).  

 

2.3 Experimental setup 

First, the surgeon completed the questionnaire and the preparation of EMG. Subsequently the surgeon 

performed two operations, one seated on one of the two ergonomic chairs and one seated on a regular 

office chair. The operations were performed sequentially during the same day, thus the same set of 

applied EMG-electrodes was used for both operations. The order of the chairs was randomized and 

balanced on gender (see table 1).  

The surgeons were able to choose between two ergonomic chairs, and the choice was based on their 

own preference. The chairs were custom built to professions with limited space, awkward and static 

positions, e.g. dentists, but not specially designed to robotic surgery. The chairs were made available 

for the participating surgeons three weeks before the experiment so that each surgeon could choose 

their preference and be comfortable with the preferred ergonomic chair. The ergonomic chairs 

differed from the regular office chair by offering different support options (see figure 1). The 

ergonomic chair A offered a backrest that could be split in two, allowing the surgeon to adjust the 

backrest for optimal support for both the low and upper back. The ergonomic chair B offered a smaller 

caster, which could easily fit into the console, and allowed the surgeon to be in an upright and back 

supported position while seated. In addition, the ergonomic chair B had smaller seating, optimal for 

persons with a shorter femur, thus blood circulation from the tight and down is not being clamped. 

Before each operation, the project leader instructed the surgeon in correct adjustment of the preferred 

ergonomic chair.  

The mounted equipment did not in any way interfere with the surgeons’ work and ability to fully 

concentrate on their work with the patient.  
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Figure 1: Pictures of the custom built chairs and the regular office chair. 
 

2.4 Data analysis 

Descriptive statistics were calculated for each item in the questionnaire. For EMG, an amplitude 

probability distribution function (APDF) was conducted to illustrate the static (P0.1), the mean (P0.5), 

and the peak (P0.9) EMG level. Differences between chairs (ergonomic vs. regular office) in P0.1, 

P0.5, and P0.9 were analyzed using a Wilcoxon matched pairs signed-rank test. In addition mean 

power frequency was calculated for each second during the operation, for each surgeon, chair, and 

muscle to determine sign of fatigue development over time.  

For RULA data, scores for the upper extremities and neck, trunk and legs, as well as the total RULA 

score are reported. Differences between the two chairs regarding RULA and perceived physical 

exertion data were analyzed using a Wilcoxon matched pairs signed-rank test. The statistical 

significance level was set to 0.05. Data analysis was conducted using IBM SPSS Statistics 22.  

 

3. RESULTS 

3.1 Subject characteristics 

Three males and three females volunteered to participate in this study. On average they were 46±5 

years old, had a height of 177±7 cm, a body mass index of 22.2±2.4 kg/m2, and each surgeon had 

right hand as dominant hand. Average total weekly working hours were 48±6 hours. Number of 
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performed operations per week was on average five operations (two operations with open procedure, 

two operations with robotic-assisted laparoscopy and one operation with conventional laparoscopy) 

with a range of 2-6. All surgeons had a minimum of 6 years of experience with minimally invasive 

surgery - one surgeon had practiced for 16-20 years, half of the surgeons had practiced for 11-15 

years and two surgeons had practiced for 6-10 years. Self-rated health was rated as excellent for four 

surgeons and very well by two surgeons. For musculoskeletal pain symptoms all except one surgeon 

reported to experience pain in one or more body regions. Mean±SD pain intensity the previous three 

months was for the neck 3.2±3.3, the right shoulder 1.5±1.4, the left shoulder 0.2±0.4, and the low 

back 1.5±1.8. Average pain intensity the past seven days was for the neck 2.7±3.4, the right shoulder 

1.0±1.3, the left shoulder 0.2±0.4, and the low back 0.5±0.8. 

 

3.2. EMG 

Table 1 shows analysis time for each EMG measurement and which chair each surgeon began with. 

The APDF demonstrated a small but significant difference in the P0.1 level for left trapezius (figure 

2A), with a higher activity shown for the ergonomic chair (4.8±3.5%MVE) compared with the regular 

office chair (3.7±3.1%MVE). No other differences were present for P0.1, P0.5 (figure 2B) or P0.9 

(figure 2C).  

 
 
 
 

Surgeon Gender Minutes in the 
ergonomic chair 

Minutes in the 
regular office chair First chair  Selected 

ergonomic chair 
1 Female 57.93 57.25 Regular A 
2 Female 52.82 50.00 Ergonomic A 
3 Female 31.67 49.67 Ergonomic B 
4 Male 80.40 163.52 Regular B 
5 Male 64.50 73.32 Ergonomic A 
6 Male 75.95 143.62 Regular A  

Table 1: Time for EMG measurement and which chair each surgeon began with. 
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For P0.1, all six surgeons displayed in a least one muscle, muscle activity levels exceeding the 

5%MVE limits often considered as a high static activity level potentially leading to fatigue and 

muscular pain if maintained for a full workday (Sjøgaard and Jensen, 2006; Søgaard and Sjøgaard, 

2015) (table 2). This was primarily the case for erector spinae, showing that four out of the six 

surgeons exceeded the 5%MVE level (range 5.0-10.8%MVE for the regular office chair, and 5.1-

20.8%MVE for the ergonomic chair). For P0.5, five surgeons in the regular chair and all six surgeons 

in the ergonomic chair displayed in at least one muscle, muscle activity levels exceeding the 

recommended10%MVE level. This was primarily the case for erector spinae, showing that more than 

half of the surgeons exceeded the 10%MVE level (range 10.1-26.9%MVE for the regular office chair, 

and 10.2-29.8%MVE for the ergonomic chair). For P0.9, only two surgeons displayed muscle activity 

levels in at least one muscle, exceeding the recommended 30%MVE level (range 34.8-38.4%MVE 

for the regular office chair, and 36.0-40.1%MVE for the ergonomic chair). This was evident for the 

erector spinae muscles and the left upper trapezius muscle. 
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Figure 2A: EMG activity for the 10th percentile. Data shown as mean±SD. * = significant between chairs 

 

* 
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Figure 2B: EMG activity for the 50th percentile. Data shown as mean±SD. 
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Figure 2C: EMG activity for the 90th percentile. Data shown as mean±SD. 

 

 

 Static level Mean level Peak 
Regular office 

chair 
Ergonomic 

chair 
Regular office 

chair 
Ergonomic 

chair 
Regular 

office chair 
Ergonomic 

chair 

R
ig

ht
 si

de
 Neck 

extensor 
Surgeon 

2 & 4 
Surgeon 
2, 4 & 5 

Surgeon 
3 & 5 

Surgeon 
4 & 5 None None 

Upper 
trapezius  

Surgeon 
1 

Surgeon 
1, 2 & 4 

Surgeon 
2 & 3 

Surgeon 
2 None None 

Erector 
spinae 

Surgeon 
2, 3, 4 & 5 

Surgeon 
1, 2, 3 & 5 

Surgeon 
2, 3 & 5 

Surgeon 
1, 3 & 5 

Surgeon 
5 

Surgeon 
5 

L
ef

t s
id

e 

Neck 
extensor 

Surgeon 
1, 3 & 4 

Surgeon 
3 & 4 

Surgeon 
3 & 4 

Surgeon 
3 & 4 None None 

Upper 
trapezius 

Surgeon 
3 & 4 

Surgeon 
2, 3 & 4 

Surgeon 
3 & 4 

Surgeon 
3 & 4 

Surgeon 
3 None 

Erector 
spinae  

Surgeon 
2, 3, 5 & 6 

Surgeon 
1, 3, 5 & 6 

Surgeon 
2, 3, 5 & 6 

Surgeon 
1,3, 5 & 6 

Surgeon 
5 

Surgeon 
5 

Table 2: Number of surgeons exceeding the recommended levels of muscle activity for the static, mean and peak 
level, respectively. 
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The EMG frequency analysis, based on EMG mean power frequency, showed a small but significant 

objective sign of fatigue in the left upper trapezius for the regular office chair (table 3). No other 

muscle groups demonstrated any sign of fatigue independent of chair. 

 

  Ergonomic chair Regular office chair 
  Mean  

(mHz/s) ±SD P-value Mean  
(mHz/s) ±SD P-value 

Right side 
Neck extensor 0.6 3.2 0.343 -0.1 1.1 0.390 

Upper trapezius 1.7 3.0 0.109 -1.0 2.1 0.145 
Erector spinae -2.3 4.0 0.109 -0.8 2.4 0.242 

Left side 
Neck extensor 0.2 1.5 0.377 -0.5 0.7 0.074 

Upper trapezius -0.1 3.8 0.487 -1.5 1.6 0.037* 
Erector spinae -1.3 2.2 0.102 -0.5 2.1 0.277 

Table 3: Slopes of the EMG frequency analysis based on mean power frequency and an increase in RMS. Data 
shown as mean±SD. * = significant decrease (one-tailed p-value). 

 

3.3 Postural observation and perceived physical exertion  

A total of 56 observations were done for the ergonomic chair, and 40 observations were done for the 

regular office chair. None of the total RULA scores were deemed to action levels 1-2: ‘ acceptable 

posture if it is not maintained or repeated for long periods’, or 7: investigation and changes are 

required immediately. Half of the observations were deemed to either action level 3-4: further 

investigation is needed and change may be required, or action level 5-6: further investigation and 

change are required soon. There was no difference in mean total RULA scores between the ergonomic 

chair (right side: 4.7±0.6; left side: 4.6±0.5) and the regular office chair (right side: 4.6±0.7; left side: 

4.6±0.4). 
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Figure 3: Number of RULA scores for the upper extremities, neck, trunk and legs, and total RULA score for 

each action level. A total of 56 observations were done for the ergonomic chair, and 40 observations were done 
for the regular office chair. Unicolor figure = right side, striped figure = left side. 

 

Perceived physical exertion showed no significant differences between the ergonomic chair and the 

regular office chair, before surgery (0.7±0.8 vs. 1.1±1.2), midway (1.1±0.5 vs. 1.7±1.2), or at the end 

of surgery (2.3±2.0 vs. 2.2±1.2). For both types of chairs, there was a statistically significant 

difference from before surgery compared with at the end of surgery. A mean difference from post-

pre of 1.5±1.5 was present for the ergonomic chair, and a mean difference of 1.1±0.5 was present for 

the regular office chair.  
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4. DISCUSSION 

In the present pilot study only minor differences of no clinical relevance were found between the 

ergonomic chair and the regular office chair. Overall the findings in the present study showed high 

levels of static (P0.1) and mean (P0.5) muscular activity, which may increase the risk of muscle 

overuse and development of neck and low back pain. This concern is further supported by the rapid 

upper limb assessment that showed moderate to high risk (category ‘3 to 4’ and ‘5 to 6’) for upper 

body musculoskeletal injuries during the course of the operation. In addition, perceived physical 

exertion was significantly increased from before surgery to the end of surgery for both types of chairs.  

 

4.1 EMG 

No consistent differences were identified between the two types of chairs and no tendencies to less 

strenuous work condition for the ergonomic chair. The only significant differences were found in the 

left trapezius muscle where the static level was slightly higher for the ergonomic chair, and a 

significant decrease in EMG mean power frequency for the regular office chair indicating fatigue 

development. As the absolute difference is very small, and results conflicting, we consider this as a 

finding by chance. The mean EMG levels from our study are high but similar to results previously 

reported for the same muscle groups in other studies among surgeons (Hubert et al., 2013; Zihni et 

al., 2014).  

 

The static level for all the muscle groups showed a high continuous activity level similar for left and 

right side. Even in comparison with other jobs, known to pose a high risk of work related disorders 

and high prevalence of muscular pain, the static levels were high (Blangsted et al., 2003; Murray et 

al., 2016). This causes concern, as the operations performed in the present study were relatively 

short, and some procedures for robotic surgery may be considerably longer in time. Future studies 
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should conduct measurements to explore the time perspective in relation to muscular loading and 

fatigue development. 

A number of studies have measured the adverse effect of sustained low muscle activity for the 

upper trapezius muscle and shown that this is a high risk for muscle pain (Hanvold et al., 2013; 

Mork and Westgaard, 2006). The high static level for the trapezius muscles among the surgeons in 

the present study may be caused by the lack of tactile feedback during robotic assisted surgery 

(Judkins et al., 2009). This may lead to increased grip force with the instruments, especially during 

more demanding procedures with high precision demands, which are not influenced by the type of 

chair and therefore explain the lack of effect of the ergonomic chair.  

 
 
4.2. Postural observation and perceived physical exertion  

Total RULA scores remained unaffected by the type of chair used, which may indicate a flexibility 

of the current robotic console, providing surgeons with good adjustment possibilities minimizing the 

effect. However, half of the observed RULA observations were deemed to action level 5 to 6 

regardless of the chair used which indicate a need for further investigations in ergonomic adjustments. 

The high risk scores among surgeons and no difference in postural load are in accordance with a 

recent study investigating four chair types and its association to work-related musculoskeletal 

discomfort during vaginal surgery (Singh et al., 2016).  

Similar high scores have been reported among professions like tattoo artists (Keester and Sommerich, 

2017) and dentist hygienists (Akesson et al., 2012), who also work in awkward and static work 

postures. Recently, a study assessed work posture during robotic-assisted laparoscopy using wearable 

motion tracking sensors, and found that the robotic console induces work postures leading to static 

loads especially for the shoulders (Yu et al., 2017). Craven et al. (Craven et al., 2013) observed that 

surgeons were not using the supporting armrest for 37% of the robotic procedures. Likewise, other 
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studies report that a majority of surgeons are unaware of ergonomic principles in surgery (Cavanagh 

et al., 2012; Wauben et al., 2006) and disregard their own health (Bartnicka, 2015; Reyes et al., 2006). 

Park et al (Park et al., 2010) reported that 40% of respondents ignored their physical complaints 

during surgery, and Szeto et al (Szeto et al., 2009) reported that 36% of respondents worked through 

pain, as they considered pain to be part of the job. This may explain the overall low scores of 

perceived physical exertion, which was independent of chair, and similar to what have been reported 

previously (Elhage et al., 2015).  

 

The significant increase in perceived physical exertion from before surgery to the end of surgery may 

be explained by the lack of ergonomics that researchers have demonstrated for the robotic console 

(Van't Hullenaar et al., 2017), and which can contribute to the high rate of bodily pain reported among 

surgeons (Giberti et al., 2014; Lawson et al., 2007; Matern, 2009). Studies even report that performing 

surgery caused or worsened their musculoskeletal pain (Adams et al., 2013; Cavanagh et al., 2012; 

Franasiak et al., 2012; Szeto et al., 2009), and that fatigue and pain affected their surgical performance 

(Adams et al., 2013; Ruitenburg et al., 2013).  

 
 
4.3 Recommendations and interventions 

The operating room is a complex working environment with intensive psychological and 

physiological challenges combined with a constant focus on patient safety. The lack of an 

improvement by the preferred ergonomic chair and the overall results demonstrating high static and 

mean muscle activity as well as an increase in perceived physical exertion pinpoint the need to focus 

on other initiatives in addition to making an ergonomic chair available. Recent development in sensor 

technology introduces new ways to get feedback from the sitting postures of the surgeons. In some 

studies (Meyer et al., 2010; Tan et al., 2001; Yang et al., 2016), pressure sensors have been placed or 
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embedded into the chair or armrest and the pressure distribution measured continuously. This 

information can then be used to give the user of the chair feedback on how to adjust the chair to 

improve the pressure distribution and obtain optimal ergonomics. Other ways of decreasing the 

physical workload of surgeons are change of posture, reduce time in the operating room, decrease 

overall caseload, or implement intraoperative micro breaks during surgery (Adams et al., 2013; 

Franasiak et al., 2012; Hallbeck et al., 2017; Szeto et al., 2009). The latter has demonstrated lower 

pain scores in the neck, lower back, shoulders, upper back, wrists/hands, knees, and ankles (Park et 

al., 2017). In addition, Franasiak et al (Franasiak et al., 2014) showed good feasibility and acceptance 

of a robotic surgery ergonomic training program, aiming at instructing in correct and incorrect 

ergonomic setup at each major flexion/extension point, including knees, hips, low back, neck, 

shoulder, elbows, and wrists. 

  

4.4 Strength and limitations 

Strength of the present study was that measurements were obtained during real time surgery and in a 

paired design. However, all surgeons were only measured during one operation for each chair. 

Whether more repeated or longer lasting measurements per surgeon could provide more 

representative information about the muscle activity due to customization, remains speculative.  In 

addition, we do not have information on the specific surgical tasks that were performed and 

acknowledge that there might have been differences in e.g. precision demands or mental demands. 

 

5. CONCLUSION 

The present study could not demonstrate beneficial effect of using preferred one-of-two custom built 

ergonomic chairs on muscular load, work posture or level of perceived physical exertion. The lack of 

effect may be due to the general high precision demands and concentration demands, which may 



 20 

remove focus from the use of the facilities provided by the ergonomic chairs. The high level of static 

and mean muscle activity, the increase in perceived physical exertion and the large number of non 

optimal work postures, however, pinpoint the need for an increased attention on initiatives that can 

improve the ergonomics for robotic surgery and thereby decrease the risk for work related muscular 

pain among surgeons.  
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