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BACKGROUND 

• Endoscopists experience a high incidence of carpal tunnel syndrome, de Quervain's 

tenosynovitis, and lateral epicondylitis due to awkward positioning, pushing, pulling, and 

beating of the scope, and repetitive motions during endoscopic procedures. It has been 

shown that these injuries can begin as early as during fellowship training (20−49% of 

trainees). Despite the high incidence of injuries, more than 70% of trainees reported 

receiving no formal training in endoscopic ergonomics. Musculoskeletal symptoms and 

related injuries can shorten endoscopists' careers and reduce healthcare staff, negatively 

affecting patient care. 

• This study aimed to investigate the differential impacts of various controller types on muscle 

fatigue, with the aim of identifying a controller design that can alleviate operator fatigue 

while maintaining or enhancing procedural efficiency and safety. 
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MATERIALS AND METHODS 

• Three types of controllers were created to control the colonoscopy robot with a 3D printer 

(Figure 1). The first controller was a thumb controller that minimizes movement and can 

control left/right and up/down movements identical to the existing endoscope movements. 

The second was a parallel controller that simulates an existing endoscope and can be 

operated as a horizontal dial. The third controller was made in the form of a dial that can be 

operated by simulating an existing endoscope like the second one, but it is made in a 

vertical form so that it is easy to distinguish left/right and up/down movements. 

Figure 1. Conventional controller and colonoscopy robot controllers 

• EMG signals were measured using a WEMG-8 (LXM5308, Laxtha Inc., Korea) with a 

sampling frequency of 1,024 Hz. 

• Measurements were performed after each controller was gripped in a natural standing 

position, with electrodes attached to the left hand and arm.  

• The results of the EMG signal analysis are shown in Table 1. The difference in the EMG 

signals by the controller was greater for the left/right movement control than for the up/down 

movement control. A comparison of the EMG signal results for each controller is shown in 

Figure 3 

• The left/right motion control had the same direction of movement as the parallel, vertical, 

and thumb controllers. In contrast, for the up/down motion control, the directions of 

movement of the parallel, vertical, and thumb controllers were different. 

• The EMG signals of the abductor pollicis brevis, which plays an important role in the 

movement of the thumb, including abduction and flexion, showed the highest signal in all 

measurements for all controllers. The EMG signals of the abductor pollicis brevis in the 

conventional controller were significantly higher than those in the other controllers for both 

up/down and left/right motions (p<0.05). 

• Here, we evaluated from an ergonomic perspective whether a new robot controller can 

reduce musculoskeletal injuries compared with existing controllers during colonoscopy 

procedures through objective EMG analysis. Our results indicated that the robotic controller 

was more effective in minimizing muscle fatigue, highlighting the potential of controllers with 

innovative designs to improve ergonomic safety and reduce the risk of musculoskeletal 

injury for endoscopists.  

Figure 2. Electrode placement for electromyography measurement 

Table 1. Electromyography signal data according to muscle location for each controller 


