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Abstract 26 

Background: Surgeons are amongst the most at risk of work-related musculoskeletal health 27 

decline because of the physical demands of surgery, which is also associated with cognitive 28 

fatigue. Minimally invasive surgery offers excellent benefits to patients but the impact of robotic 29 

or laparoscopic surgery on surgeon well-being is less well understood. This work examined 30 

the musculoskeletal and cognitive demands of robot-assisted versus standard laparoscopic 31 

surgery. 32 

Methods: Medline, Embase, and Cochrane databases were systematically searched for 33 

“Muscle strain” AND “musculoskeletal fatigue” AND “occupational diseases” OR “cognitive 34 

fatigue” AND “mental fatigue” OR “standard laparoscopic surgery” AND “robot-assisted 35 

laparoscopic surgery”. Primary outcomes measured were electromyographic (EMG) activity 36 

for musculoskeletal fatigue and questionnaires (NASA TLX, SMEQ, or Borg CR-10) for 37 

cognitive fatigue. A systematic review was conducted in accordance with the Synthesis 38 

Without Meta-analysis (SWiM) Guidelines. The study was preregistered on Prospero ID: 39 

CRD42020184881.  40 

Results: Two hundred and ninety-eight original titles were identified. Ten studies that were all 41 

observational studies were included in the systematic review. EMG activity was consistently 42 

lower in robotic than in laparoscopic surgery in the erector spinae and flexor digitorum muscles 43 

but higher in the trapezius muscle. This was associated with significantly lower cognitive load 44 

in robotic than laparoscopic surgery in 7 of 10 studies.  45 

Conclusions: Evidence suggests a reduction in musculoskeletal demands during robotic 46 

surgery in muscles excluding the trapezius, and this is associated with most studies reporting 47 

a reduced cognitive load. Robotic surgery appears to have less negative cognitive and 48 

musculoskeletal impact on surgeons compared to laparoscopic surgery.  49 

Key words: Posture, Ergonomics, Fatigue, Cognitive, Mental 50 
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1. Introduction 51 

Surgeons are amongst the most at risk of work-related musculoskeletal decline(1), with a high 52 

prevalence of work-related musculoskeletal injuries: degenerative spinal disease (17%), 53 

rotator cuff pathology (18%), and degenerative lumbar spine disease (19%) (2). Additionally, 54 

they experience a high rate of work-related musculoskeletal pain predominantly affecting the 55 

neck, arm, shoulder, and back(3-5). These problems relate to the nature of their jobs requiring 56 

them to maintain certain non-ergonomic postures whilst operating (mostly for long periods), 57 

with a cumulative effect over time. Maintaining unnatural postures for prolonged surgery 58 

periods can result in muscle fatigue. As skeletal muscle fatigues during surgery, the central 59 

nervous system attempts to compensate by activating a greater number of motor neurones or 60 

by increasing their discharge rate 17. As a consequence, surgeon’s feel they are exerting more 61 

effort to maintain a given muscle contraction(6).  62 

In addition to musculoskeletal limitations, extended working patterns in surgeons also lead to 63 

cognitive fatigue. Surgeons are required to  engage in numerous surgical processes requiring 64 

sustained attention for long periods, often following long working hours or sub-optimal sleep 65 

resulting in cognitive fatigue(7). Studies in the workplace have clearly established a relationship 66 

between cognitive fatigue and impaired performance, including slower reaction times(8), 67 

reductions in concentration(9), impaired memory and information processing(10). This has 68 

extensively been researched amongst pilots(11) and train operators(12), clearly demonstrating  69 

that cognitive fatigue is associated with decreased overall performance and safety. This has 70 

vital consequences, especially in professions which require a very low margin of error to 71 

maintain safety. Even studies amongst drivers revealed that cognitive fatigue accounted for 72 

12% of car crashes and 10% of near-misses(12, 13). Amongst surgeons, level one evidence is 73 

lacking but the impact of cognitive fatigue and impaired performance on patients could be 74 

critical. Indeed, whilst there is significant heterogeneity in the literature, several studies have 75 

shown fatigue can result in increased surgical errors and adverse patient outcomes(7). 76 
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Whilst this increased utilisation of predominantly standard laparoscopic techniques, provides 77 

favourable patient outcomes; it inadvertently increases musculoskeletal demands (MSD) 78 

experienced by surgeons due to the limited freedom of movement, limitations in instrument 79 

design, longer operating time (in some procedures), and poor positioning of the operating 80 

room table and monitors(14). Increased Workplace MSD and musculoskeletal symptoms 81 

increase total fatigue, and lowers both concentration and focus(15, 16), thereby decreasing the 82 

accuracy of performing cognitive tasks(17, 18).  83 

Traditional open surgery is associated with increased musculoskeletal pain and 84 

discomfort, predominantly attributed to non-ergonomic postures adopted by 85 

surgeons(19, 20), therefore, to mitigate these problems, the modern technology of Robot-86 

assisted laparoscopic surgery (RALS) may help reduce musculoskeletal problems in surgeons 87 

when compared to standard laparoscopic surgery (LS). RALS offers steadier wrist movements 88 

with a reduced fulcrum effect, the surgeon is sat on a console with an arm rest assuming a 89 

natural working axis and the console provides a 3-Dimensional image of the operating field, 90 

which improves stereoscopic depth perception(21). In comparison, surgeons are mostly 91 

standing to perform LS procedures and must remain scrubbed donning the additional Personal 92 

Protective Equipment (PPE) required but remain unscrubbed during RALS. The symptoms of 93 

pain or discomfort reported by surgeons performing LS procedures, predominantly affect the 94 

back, neck, lower extremities and shoulders with a prevalence of 73% - 90% (22-24). This can 95 

potentially be improved with RALS.  96 

To our knowledge, no systematic review exists that has directly compared RALS to standard 97 

LS with respect to musculoskeletal and cognitive implications of these two types of surgery. A 98 

better understanding of the similarities and differences with regards to musculoskeletal and 99 

cognitive impact on the surgeons will have significant impact on surgeons and patients alike, 100 

with the potential to provide essential evidence to direct the course of future surgical training 101 

and enhance health outcomes. This paper therefore aimed to comprehensively review the 102 
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available scientific literature and report on the musculoskeletal demands in surgeons 103 

performing RALS as compared to LS, and the associated cognitive fatigue. 104 

2. Methods 105 

A qualitative systematic review was conducted in accordance with the Systematic Review 106 

Without Meta-Analysis (SWiM) Guidelines(25), as a meta-analysis was deemed not appropriate 107 

due to the heterogeneity in study designs and their reported outcomes.  108 

 109 

2.1 Literature search strategy and study selection 110 

The literature search was developed around the concepts of Ergonomics, Minimally invasive 111 

Surgery, and Surgeon Fatigue. Using Boolean operators to combine different ‘MeSH’ and 112 

‘non-MeSH’ keywords, a systematic literature search was conducted in Medline, Embase, and 113 

Cochrane databases with no start date but including papers published up until 31st October 114 

2020. The search terms used were: “Muscle strain” AND “musculoskeletal fatigue” AND 115 

“occupational diseases” OR “cognitive fatigue” AND “mental fatigue” OR “Standard 116 

laparoscopic surgery” AND “robot-assisted laparoscopic surgery”. Appendix 1 shows a typical 117 

search strategy employed in a database.    118 

Studies that met the following criteria were included in the systematic review: (1) published as 119 

a full text manuscript; (2) not a protocol or review manuscript; (3) studies involving surgeons 120 

performing elective standard laparoscopic and robot-assisted laparoscopic surgery or 121 

simulated laparoscopic and robot-assisted procedures (4) objectively or subjectively report on 122 

musculoskeletal and/or cognitive demands of surgery. Only English language papers were 123 

reviewed, with no restrictions applied on the surgical specialty, procedures studied or study 124 

design. 125 

2.2 Data extraction 126 
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Outcomes recorded for muscular and cognitive fatigue were objective physiological 127 

parameters associated with muscular or cognitive fatigue, as well as more subjective 128 

measures using validated questionnaires of physical symptoms, pain or discomfort, scales of 129 

perceived discomfort, Borg CR-10 scale(26) and national aeronautics and space administration 130 

task load index (NASA- TLX)(27).  131 

The outcome used for fatigue was muscle fibre recruitment assessed via the use of 132 

electromyography (EMG) (28). When a contracting muscle fatigues, it attempts to recruit more 133 

muscle fibres or alters the firing rate. These changes indicate the muscle’s decreasing ability 134 

to maintain the required force generation and have been used to assess fatigue in surgeons. 135 

Musculoskeletal fatigue was determined using surface electromyography (EMG) data. Where 136 

reported, the Root mean square (RMS) value represents the square root of the average power 137 

of the EMG signal for a given time. The cumulative muscle workload (CMW) over the period 138 

of performance time can also be calculated using a time integral of the data collection 139 

period(29).   140 

Cognitive fatigue was determined using; heart rate parameters derived by registering 141 

participants’ heart rates throughout experiments or at specific times using an ambulatory heart 142 

rate recorder, calculating the heart rate average, and mean square of successive differences 143 

between consecutive heartbeats(30). Skin conductance was also utilised, where a single 144 

electrode was placed on an active site with a reference electrode at a relatively inactive site 145 

and a measured potential (which is usually negative) is easily recorded as a complex wave 146 

form. Higher values are indicative of physiological arousal due to increased sympathetic 147 

autonomic nervous activity. This is sensitive to physiological reactivity among other factors, 148 

such as respiration and cognitive effort. Metrics that can differentiate between increased 149 

cognitive load can also be generated from this(31). 150 
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Pain or scales of perceived discomfort was assessed using validated questionnaires using a 151 

Likert scale to rate perceived symptoms giving different scores which are then summed up to 152 

give a cumulative score. 153 

The individual rating of perceived exertion was assessed using the Borg CR-10 Scale during 154 

physical work, rating their exertion on the scale of 1 to 10 during the activity, combining all 155 

sensations and feelings of physical stress and fatigue. The NASA-TLX is a tool for assessing 156 

subjective cognitive load incorporates measures from six dimensions (Mental demand, 157 

Physical demand, Temporal demand, Effort, Performance, and Frustration level) which are 158 

rated within a 100-points range and a sum is then calculated.  159 

Effect sizes were converted into a common metric of p-values or percentages before analysis. 160 

In addition to the primary outcomes, other data extracted also included study author, year 161 

published, study design, Surgeon demographics and hand dominance.  162 

2.3 Data analysis 163 

A qualitative systematic review was performed of the reported outcomes comparing RALS and 164 

LS. When reviewing the results of previous studies, we defined statistical significance as p 165 

<0.05. 166 

 167 

3. Results 168 

Study selection  169 

A systematic search of the available literature returned 298 articles. After eliminating 170 

duplicates, 209 articles remained. When irrelevant titles and abstracts were screened out 171 

based on the inclusion criteria, 26 articles were preliminarily included. After scrutinising the 172 

retrieved full texts of these articles 10 articles remained (Fig. 1) which met the criteria to be 173 

included in the review. The study selection process was verified by a second reviewer (J.L) 174 

scrutinising 10% of the selected studies.  175 
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 176 

**Table 1 about here** 177 

 178 

**Table 2 about here** 179 

 180 

Study characteristics 181 

The quality of each study was critically appraised using the Grading recommendations 182 

assessment, development and evaluation (GRADE) framework(32) (Table 1). All the studies 183 

were considered to at least be of ‘fair’ quality. Of the ten articles included in this systematic 184 

review, none were randomised controlled trials, and all were observational studies (Table 2). 185 

All studies examined both the musculoskeletal demands and the cognitive demands of 186 

surgery. 187 

 188 

**Figure 1 about here** 189 

 190 

Musculoskeletal demands of laparoscopic versus robot-assisted minimally invasive 191 

surgery: 192 

Robotic systems are designed to provide surgeons with access to physiological structures in 193 

otherwise difficult to reach areas, whilst also providing finer endowristed movements to 194 

simplify MIS surgical procedures. The studies in this review involved live and simulated 195 

procedures, with the simulated procedures replicating “real-world” tasks and challenges. 196 

 197 

Data from Electromyography 198 
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Berguer and Smith(33) utilised objective outcomes to report lower musculoskeletal demands in  199 

10 surgeons in a simulated type of surgery study. Participants each performed in random 200 

order, A Pin Move task (PIN); picking up a poster pin standing on its head in a circle and 201 

attempting to set it down standing on its head in another circle and a Suture task (SUT); 202 

involving driving a suture needle through a surgical glove finger and tying three knots (one 203 

surgeon’s knot plus two squared throws). Using the RALS technique, significantly lower thumb 204 

muscle activity was observed performing the SUT task and although more abduction was 205 

required to perform the PIN task, muscle activity values in the deltoid were not correspondingly 206 

higher. 207 

Similarly Lee et al(29) and Rodriguez et al(34) objectively reported less physical demands 208 

associated with RALS. Rodriguez et al(34) described higher muscle activity in bilateral biceps, 209 

triceps and deltoid muscle groups when Fundamental of Laparoscopic Surgery (FLS) tasks 210 

(peg transfer, pattern cutting, and intracorporeal suturing) were performed using standard 211 

laparoscopy across the study groups; novices, surgical experience in LS and surgical 212 

experience in RALS. Additionally, they also reported higher muscle activity in the Right 213 

trapezius across the groups with different surgical expertise when they performed Peg 214 

Transfer and paper cutting using the Robotic platform but not for intracorporeal suturing, with 215 

these being statistically significant (novices: p = 0.04 and p <0.01, LS experts: p = 0.04 and p 216 

= 0.04 and RALS experts: p = 0.04, and p = 0.01 respectively). Lee et al(29) reported similar 217 

findings when six more complex simulated tasks which included; simulated para-oesophageal 218 

hernia repair, simulated bowel anastomosis, tension running suturing, FLS circle cutting, 219 

curved wire ring transfer and FLS pegboard transfer were performed. They reported 220 

significantly higher cumulative muscular workload (CMW) of the biceps and the flexor carpi 221 

ulnaris with laparoscopy (both p 0.05) compared to RALS but a higher CMW from the 222 

trapezius during robotic surgery performance (p 0.05). Investigating this further, they reported 223 

that only the novice and expert laparoscopic groups exhibited  higher trapezius activation (p 224 

= 0.052 and p = 0.081 respectively), whilst the robotic experts displayed similar activation 225 
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levels in both approaches.  In addition, there was evidence (p = 0.06) of higher CMW of the 226 

thenar compartment with robotic surgery than with laparoscopy, due to increased usage of 227 

finer finger movements with RALS.   228 

The Armijo et al(35) study involved 16 surgeons from different specialities, predominantly right-229 

handed with equal gender distribution performing live procedures (18 LS and 10 RALS) within 230 

fields in which they were deemed competent. Although the authors reported greater muscle 231 

activation across the upper trapezius (p = 0.190), anterior deltoid (p = 0.066) and flexor carpii 232 

ulnaris (p = 0.170) in the robot group using %MVC, no difference in muscle fatigue in the same 233 

muscle groups was noted. However, they observed a significant increase in fatigue in the 234 

extensor digitorum of the LS group (p <0.001). 235 

Data from validated questionnaires of musculoskeletal demands 236 

Van der Schatte Olivier et al.(36) also studied novices: surgically inexperienced students, 237 

performing Rope passing, Needle capping, and Bead dropping. The physical demands 238 

experienced when these tasks were performed laparoscopically was significantly greater as 239 

indicated by high Subjective Mental Effort Questionnaire (SMEQ) and Local Experienced 240 

Discomfort scale (LED) scores (p = 0.001 and p = 0.003, respectively). 241 

Stefanidis et al.(37) studied a cross section of 117 surgeons attending an academic conference 242 

using the NASA-TLX’s different domains to capture the physical demands they experienced 243 

whilst performing simulated intracorporeal suturing. Most participants achieved higher suturing 244 

scores with the laparoscopic technique but reported significantly more physical demand 245 

scores (p <0.001) compared to those performed with the robotic platform and subjectively 246 

favoured the robot as their method of choice. 247 

Using similar tools as Van der Schatte Olivier et al(36), a study by Sánchez et al(38) surveyed 248 

14 surgeons experienced in standard laparoscopic surgery after they had performed a 249 

simulated hernia repair using both LS and RALS. They reported predominantly higher physical 250 
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demands (high LED scores, p = 0.006) in the surgeons’ dominant upper limb when the task 251 

was performed using the laparoscopic approach. 252 

Mendes et al(39) categorised their participants based on experience, similar to how it was done 253 

by authors of some simulated studies, into young surgeons (<7 years in practice, 45%) and 254 

experienced surgeons (>7 years in practice, 55%). The study population comprised of 255 

surgeons from three specialties, and they cumulatively performed a total of 82 laparoscopic 256 

and 88 robotic procedures with a mean duration of 119 mins and 157 mins, respectively. Using 257 

the Borg CR-10 scale scores, the authors reported significantly greater physical discomfort 258 

and pain in surgeons performing laparoscopic procedures with no significant difference in 259 

these outcomes based on experience of the surgeons. The exception was  significant back 260 

pain reported after the 150th minute of robotic procedures in experienced surgeons (p <0.01). 261 

Using the NASA-TLX Scores, experienced surgeons had a feeling of better performance at 262 

the end of LS compared to RALS (p = 0.02) but also expressed more physical demands 263 

performing LS (p = 0.03). 264 

Tarr et al(40) conducted a pilot study in a population of predominantly female (75%) surgeons 265 

performing 53 laparoscopic and 33 robotic sacrocolpopexy cases and reported no statistically 266 

significant differences in both physical (Body Part Discomfort (BPD) & NASA-TLX scores) and 267 

cognitive loads (NASA-TLX) observed (p = 0.66 and p <0.05, respectively). After 268 

dichotomising BPD scores, surgeons were noted to have experienced pain in all body parts 269 

except their arms, across both study groups. Additionally, the robotic approach was associated 270 

with increased lower neck/shoulder and back discomfort scores compared to the laparoscopic 271 

approach.  272 

 273 

Data derived from mixed-method approaches 274 
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The study by Hubert et al(41) simulated live surgical procedures in experimental animals while 275 

monitoring 11 surgeons perform a total of 18 laparoscopic and 16 robotic procedures. Unlike 276 

the studies by Lee et al(29) and Rodriguez et al(34) using EMG data, the authors reported higher 277 

RMS (p <0.05) for the erector spinae, trapezius and the flexor digitorum on both the right and 278 

left muscle groups, when procedures were performed laparoscopically, and the values also 279 

increased in both trapezius muscles at the end of the procedures. During the laparoscopic 280 

procedures the authors also reported high NASA-TLX and Borg CR-10 scores for all body 281 

areas (p <0.05 and p <0.001, respectively) suggesting more physical demands, with the 282 

greatest strain in the shoulders, neck and back. 283 

 284 

The associated cognitive demands of laparoscopic versus robot-assisted minimally 285 

invasive surgery 286 

Berguer and Smith(33) utilised skin conductance values to observe surgeons’ cognitive fatigue 287 

reporting lower cognitive load with RALS technique in both PIN and SUT tasks, though not 288 

statistically significant (p  0.056). 289 

To measure cognitive demands Rodriguez et al.(34) reported high NASA-TLX scores in 290 

temporal demand in both novices and experts in laparoscopic surgery, when they completed 291 

FLS tasks using the laparoscopic platform (p = 0.02 and p = 0.02). No change in temporal 292 

demands was observed in surgeons who were experts in robotic surgery when they performed 293 

procedures using RALS or LS. Lee et al.(29) also found significantly higher NASA-TLX scores 294 

relating to temporal demand, and frustration with LS than with RALS (p<0.05). This was 295 

especially evident in novices and experts in robotic surgery when they performed FLS and 296 

even more complex simulated tasks. 297 

Another study by Hubert et al(41) subjectively analysed cognitive fatigue using NASA-TLX 298 

scores and observed no difference between LS and RALS. However, when cognitive fatigue 299 
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was assessed using mean heart rate vales and heart rate variability as objective measures, 300 

they noted both parameters to be significantly higher in the laparoscopic group (both p <0.01). 301 

Van der Schatte Olivier et al(36) also utilised heart rate parameters as objective physiological 302 

markers to highlight the increased cognitive demands participants experienced when tasks of 303 

Rope passing, Needle capping, and Bead dropping were performed laparoscopically. They 304 

reported a higher heart rate average in the LS group of 90.5 beats/min compared to 79.9 305 

beats/min in the RALS group and a corresponding higher root mean square of successive 306 

differences between consecutive heartbeats of 31.7 ms in the LS group compared to 22.3 ms 307 

in the RALS group (p = 0.01 and p = 0.0001). This finding was further strengthened by the 308 

reporting of high SMEQ scores, which were similar to the findings reported by  Sánchez et 309 

al.(38) (high SMEQ score, p = 0.001). 310 

In a study by Stefanidis et al(37), in which only 10% of surgeons with prior RALS experience 311 

were surveyed, surgeons reported numerically similar NASA-TLX’s scores of cognitive 312 

demand on the robotic platform and the laparoscopic, and this was not statistically significant. 313 

Armijo et al. (35) did not reveal any difference in global self-reported fatigue levels (Piper 314 

Fatigue Scale-12 (PFH-12)) between the two surgical approaches. Further scrutiny of this 315 

revealed high scores in the behaviour subscale domain being reported for both approaches, 316 

and this related to increased cognitive exhaustion. 317 

The study by Mendes et al(39) observed that young surgeons experienced more cognitive 318 

demands (p = 0.02) at the end of RALS. Interestingly, the surgeon who performed the most 319 

procedures during the study expressed significantly less cognitive fatigue at the end of RALS. 320 

 321 

4. Discussion 322 

Minimally invasive surgery improves post-operative pain, patient recovery times, and reduces 323 

length of hospital stay(42-44). However, historically MIS procedures are predominantly 324 

performed using the laparoscopic approach, with reported increased incidence of muscle 325 
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strain affecting the back, neck, lower extremities and shoulders in surgeons(22-24). With the 326 

robotic console, surgeons use a chair and have an arm rest for support, eliminating any 327 

additional lower limb physical demands unlike when surgeons are mostly standing to perform 328 

laparoscopic procedures. This has been demonstrated in studies showing lower muscle 329 

activity in the tibialis anterior, medial gastrocnemius, vastus medialis and biceps femoris when 330 

performing RALS (45) and also reduced physical demands on the knee/ankle/foot when 331 

performing RALS (40). As such, studies have focused on the comparative differences in the 332 

upper limb, trunk, and neck muscles, when procedures are performed using RALS or LS.   333 

The data presented in this review predominantly involved studies conducted in 334 

simulated(40) as opposed to real-life procedures(40), which is a representation of the 335 

lacking data in the field of ergonomics relating to surgeons’ use of new technologies. 336 

The evidence suggests there is a reduction in musculoskeletal demands of RALS in both 337 

simulated and real-life procedures. Similarly, reduced cognitive fatigue was noted with 338 

RALS in simulated settings, however, the limited data in real-life procedures suggests 339 

no difference.  340 

Overall, this presents the possibility that the robotic approach to minimally invasive surgery 341 

has an advantage over the laparoscopic approach. Hence, the data reviewed here suggest 342 

that RALS could be the optimal choice with respect to surgeons’ musculoskeletal health, 343 

compared to LS. Despite the potential musculoskeletal and cognitive benefits offered by 344 

RALS, the theatre and supply costs of robotic surgical systems significantly limits the rate 345 

of adoption in surgical settings, especially in low resource settings(46). 346 

 347 

Musculoskeletal demands are reduced when performing robot-assisted minimally 348 

invasive surgery  349 

When fatigue was measured objectively using EMG, there was a consistent increase in 350 

musculoskeletal fatigue using a laparoscopic technique including the biceps brachii, triceps 351 
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brachii, deltoid, trapezius, and erector spinae (29, 33-35, 41). Further, Berguer et al.(33) noted there 352 

was reduced fatigue of the thenar muscles when using RALS, which suggests the enhanced 353 

grasp provided by the robotic system protects against handgrip fatigue.  Studies that utilised 354 

subjective measures of musculoskeletal fatigue also showed increased fatigue in the muscles 355 

of the upper limbs and back, and importantly, an increased global physical demand with LS(36-356 

39). 357 

Some studies noted there was an increase in trapezius muscle fatigue when the procedures 358 

were performed using RALS (29, 34, 35), but this impact appears confined to this muscle. This can 359 

be attributed to the posture that surgeons assume on the robotic console; elbows/forearm 360 

rested on the arm-support and assuming a forward-leaning attitude resting their forehead in 361 

the viewing cart. This neutralises the arm and shoulders but consequently puts the neck under 362 

more strain. Interestingly, the physical strain on the trapezius appears to be modulated by 363 

surgeon experience. Indeed, some studies have showed greater (+43%(29, 34)) trapezius strain 364 

amongst surgeons with minimal experience performing RALS (MIS novices) compared to 365 

experts. Others (29, 34) have shown a reduction in left trapezius activation with greater expertise 366 

but an increase in right trapezius strain, which may suggest that with experience, a particular 367 

posture is adapted which puts unique (rightward) strain on the trapezius muscle. 368 

 369 

Cognitive demands are reduced when performing robot-assisted minimally invasive 370 

surgery  371 

There is limited evidence on the cognitive fatigue experienced by surgeons performing MIS. 372 

The data that does exist predominantly involves subjective assessments using validated 373 

questionnaires. Indeed, to the best of the authors’ knowledge, no study has observed changes 374 

in brain activity during MIS utilising tools like electroencephalography (EEG), which could 375 

objectively directly quantify cognitive fatigue in surgeons.    376 
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A small number of studies have used indirect objective measures of cognitive fatigue, such as 377 

heart rate measures. Hubert and colleagues observed that heart rate parameters indexed 378 

greater cognitive demands in surgeons performing laparoscopic procedures. Interestingly, this 379 

was in contrast to their subjective data, which did not indicate a difference in cognitive fatigue 380 

between RALS and LS. Van der Schatte Olivier et al also utilised heart rate parameters to 381 

index cognitive fatigue and again, observed greater cognitive fatigue during LS versus RALS. 382 

On the topic of cognitive fatigue, it should be noted that the differing demands of the surgical 383 

environments associated with LS and RALS may also contribute to greater cognitive fatigue 384 

in LS. When performing RALS, surgeons are sat comfortably, mostly unscrubbed. In contrast 385 

during LS, surgeons remain standing, wearing additional Personal Protective Equipment 386 

(PPE). Work in emergency surgery has shown that surgeons perceive PPE to reduce comfort, 387 

increase fatigue, and reduce overall surgical performance(47). The added musculoskeletal 388 

demands of LS, requiring muscle activation to remain standing, also place an increased 389 

cognitive burden on surgeons as the brain is required to maintain postural control(48).  390 

In addition, LS requires the need for surgeons to assume more uncomfortable positions to 391 

access difficult to reach structures or perform difficult tasks. In contrast, RALS provides a 3-392 

dimensional view of the operating field, use endowristed instruments and the robot has a 393 

clutch mechanism which eliminates these challenges. Collectively, this all places an added 394 

cognitive demand when performing LS, which has been highlighted by the studies using 395 

perceived pain or discomfort scales, Borg CR-10 scale, NASA TLX scores or Subjective 396 

Mental Effort Questionnaires. The elevated cognitive demand placed is as a result of dual 397 

tasking; controlling the movement of the body whilst trying to perform posture unrelated 398 

cognitive activity(49). Indeed, based on the limited data available, there was a consistent 399 

decrease in predominantly subjectively assessed cognitive load observed when procedures 400 

are performed using RALS (29, 33, 34, 36, 38, 39, 41). This is perhaps not surprising. 401 
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There is a U-shaped relationship between the efficacy of postural control and concurrent 402 

cognitive demands(49). The diminishing need to control posture in RALS removes the 403 

competition for cognitive resource, allowing surgeons to focus on the surgical task but 404 

ultimately reducing cognitive burden. Not a single study reported an increase cognitive 405 

demand with RALS. Whilst three studies using subjective measures of assessment reported 406 

no difference in cognitive load between LS and RALS (35, 37, 40), these findings are likely limited 407 

by the insensitivity of the methods employed(50). Collectively, data suggest that cognitive 408 

demand is greater in LS. 409 

Finally, the surgical 1st assistants’ role differs markedly in RALS and LS. None of the 410 

studies have investigated how factors related to the assistants (e.g., experience, 411 

qualifications) affect surgeon fatigue. Additionally, demands on surgical assistants 412 

require further investigations because, some studies observed less pain and 413 

discomfort compared to the  primary operating surgeon in both RALS and LS(51) and 414 

potentially increased cognitive fatigue(52). 415 

Strengths and Limitations 416 

To the authors’ knowledge, this is the first review that compares musculoskeletal demand and 417 

cognitive load in robot-assisted versus laparoscopic surgical techniques. Findings from the 418 

review indicate that RALS may be associated with less musculoskeletal and cognitive fatigue 419 

relative to LS.  420 

An alternative hypothesis is that the increased muscle activity of the trapezius in RALS may 421 

be compensation for fatigue in the erector spinae that demonstrates lower muscle activation. 422 

Further work is required to determine whether these different patterns of recruitment are 423 

representative of compensation and present different areas of risk in RALS. 424 

The previous studies included in the review that have compared musculoskeletal demand and 425 

cognitive load in RALS vs LS surgeries are variable in study type and quality, leading to 426 

heterogenous data. These factors limit the conclusions that can be drawn. Whilst there are 427 
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several benefits of RALS, these findings should be interpreted cautiously with the known 428 

limitations within the design of past studies. Indeed, confounders like surgeons’ handedness, 429 

BMI, diet, physical activity levels, and experience were not controlled in most of these studies. 430 

Performing a (quantitative) meta-analysis was precluded by the significant heterogeneity in 431 

study designs, observed outcomes, and study population.   432 

 433 

Future Research 434 

Further research is required to understand how different postures can reduce musculoskeletal 435 

stress evidenced at the knee, ankle, and foot in laparoscopic surgery. These challenges are 436 

specific to the laparoscopic domain but could benefit surgeon musculoskeletal health as 437 

particular postures are held for sustained durations. Further research is required to quantify 438 

cognitive fatigue in surgeons using objective measures such as EEG, which are less prone to 439 

the limitations of subjective assessment(50, 53, 54). This will provide a direct objective 440 

measurement of brain function, unlike indirect objective measurements based on heart rate or 441 

skin conductance. If changes in fatigue during surgery can be determined objectively, then the 442 

relationship to musculoskeletal fatigue should be investigated in tandem to determine if 443 

cognitive fatigue is causative of musculoskeletal fatigue, caused by a reduction in central drive. 444 

These results could form the evidence-base for future designs of robotic consoles with 445 

improved ergonomic characteristics.  446 

Further research is required to investigate the effect of procedure times on fatigue. 447 

Most of the studies in the review involved simulated fundamentals in laparoscopy skills 448 

(FLS) which require short amounts of time to complete, making any meaningful 449 

conclusions on the effect of time impossible. 450 

Lastly, there is the potential to incorporate sensor systems that could aid the detection and 451 

monitoring of cognitive fatigue in surgeons to protect both surgeon musculoskeletal health and 452 

patient’s surgical outcomes.  453 
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Table 1: Summary of reviewed studies 620 

Study & 

Year 

Study Design Type of 

Procedure 

compared 

Population MSK fatigue 

measure 

Outcome Cognitive 

fatigue 

Measure  

Outcome 

Berguer R 

et al 

(2005)36 

Observational, 

Prospective 

Simulated 

tasks 

10 %MVCrms -Less EMG 

activation in Thenar 

Muscles using 

RALS, p:0.02. 

-No difference in 

deltoid muscle 

Skin 

conductance, 

perceived 

discomfort 

-Lower Skin conductance 

values in RALS, p:0.056. 

-Perceived discomfort 

Lower in LS amongst 

experienced surgeons for 

1st task and no difference 

for 2nd task 

Van Der 

Schatte 

Olivier Rv 

et al 

(2009)39 

Observational, 

Prospective 

Simulated 

tasks 

16 LED Higher discomfort 

scores in LS, 

p:0.003 

-RMSSD, 

PEP & HRA 

-SMEQ 

- Lower values of 

physiological parameters 

with RALS, p:0.01, 0.004, 

& 0.0001 respectively 

- Lower mental effort 

associated with RALS, 

p:0.001 

Stefanidis 

D et al 

(2011)40 

Observational, 

Prospective 

Simulated 

tasks 

117 NASA TLX LS more physically 

demanding, 

p:<0.001 

NASA TLX Similar mental demands in 

both RALS and LS, 

p:<0.05 

Lee G et al 

(2014)32 

Observational, 

Prospective 

Simulated 

tasks 

13 CMW (EMG) All muscle groups 

apart from the 

trapezius showed 

lower values in 

RALS, p:<0.05. 

NASA TLX Lower cognitive load with 

RALS, p:<0.05 

Sánchez A 

et al 

(2017)41 

Observational, 

Prospective 

Simulated 

procedure 

14 LED Lower physical 

disturbance in 

RALS, p:0.04 

SMEQ Lower Mental effort in 

RALS, p:0.001 

Rodriguez 

JGZ et al 

(2018)37 

Observational, 

Prospective 

Simulated 

tasks 

31 %MVC Lower muscle 

activation except in 

trapezius in RALS, 

p:<0.01 

NASA TLX Lower cognitive demand 

scores in RALS, p:<0.01 

Hubert N et 

al (2013)38 

Observational, 

Prospective 

Simulated 

procedure 

11 %MVC/NASA 

TLX 

Lower physical 

workload scores in 

RALS, p:<0.05 

-HR 

-NASA TLX 

& Borg CR-

10 

-Lower average HR in 

RALS, p:<0.01 

-No difference in RALS 

and LS scores, p:<0.05 

Tarr ME et 

al (2014)43 

Observational, 

Prospective 

Live 

procedures 

16 BPD survey Lower discomfort 

scores in RALS, 

p:0.03 

NASA TLX No difference between 

RALS & LS 
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Armijo PR 

et al 

(2018)42 

Observational, 

Prospective 

Live 

procedures 

16 %MVCrms Less activation with 

RALS, p:0.003 

PFH-12 No difference in self-

reported fatigue, p:0.869 

Mendes V 

et al 

(2019)44 

Observational, 

Prospective 

Live 

procedures 

24 Borg Lower physical 

discomfort scores in 

RALS, p:<0.05 

NASA TLX Lower load scores in 

RALS, p:<0.05 

MSK- musculoskeletal, %MVCrms- Root mean square of maximal voluntary contraction, EMG- Electromyography, RALS- Robot-assisted 

laparoscopic surgery, LS- Standard laparoscopic surgery, LED- Local Experienced Discomforts scale, RMSSD-Root mean square of successive 

differences between consecutive heartbeats, PEP- Pre-ejection period, HRA- Heart rate average, SMEQ- Subjective Mental Effort Questionnaire,  

NASA TLX- National Aeronautics and Space Administration total load index score, CMW- Cumulative muscular workload, Borg CR10- Borg 

rating of perceived exertion, BPD- Body Part Discomfort, PFH-12- Piper Fatigue Scale-12 
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Table 2. GRADE Evidence profile 622 

  623 

  624 

Comparison of the musculoskeletal and cognitive demands of performing robot-assisted (RALS) versus standard laparoscopic (LS) surgery 

Population: Surgeons performing Minimal access surgeries 

Setting: Operating theatre and surgical simulation environments 

Intervention: Robot-assisted laparoscopic surgery 

Comparison: Standard laparoscopic surgery 

Certainty assessment  

Impact 

 

Certainty 

 

Importance No. of 

Studies 

Study design Risk of 

bias 

Inconsistency Indirectness Imprecision other 

considerations 

Musculo- skeletal (MSK) Fatigue 

10(35, 38-46) Observational 

Studies 

not serious not serious serious a serious b none Studies reported increased 

physical demand and MSK 

fatigue involving biceps, 

triceps, deltoid, and erector 

spinae with LS. 3 studies 

showed greater trapezius 

strain in RALS, especially in 

surgeons with limited MIS 

experience. 

⨁◯◯◯ 

VERY LOW 

 

CRITICAL 

Cognitive Fatigue 

10(35, 38-46) Observational 

Studies 

not serious not serious serious a serious b none Greater cognitive demands 

were reported with LS 

evidenced by high mental 

demand scores, Heart rates 

and skin conductance 

values. 

⨁◯◯◯ 

VERY LOW 

 

CRITICAL 

a- differences in outcome measures and variability of study populations 

b- No confidence intervals reported but with low absolute numbers of participants and events. 
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  625 

Fig. 1 Schematic PRISMA flow diagram describing exclusions of potential studies and final 626 

number of studies 627 

 628 

 629 


