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Score Level of MSD Risk
1-2 Negligible risk with acceptable posture
3-4 Low risk with further investigation as change may be needed
5-6 Moderate with risk further investigation and change soon
7 High risk and need to investigate and implement change

Characteristic Odds Ratio 95% CI p-value

Surgical Modality

Microscope Ref Ref Ref

Endoscope 0.62 [0.23 - 1.67] 0.343

Exoscope 0.12 [0.03 - 0.43] 0.001

Surgeon Experience

Attending physician Ref Ref Ref

Resident physician 0.77 [0.26 - 2.33] 0.646

Characteristic n (%)

Surgical Modality

Microscope 52 (47.27)

Endoscope 28 (25.45)

Exoscope 30 (27.27)

Surgeon Experience

Attending 91 (82.73)

Resident 19 (17.27)

Surgery

Middle Ear Surgery with Mastoidectomy 66 (60.00)

Middle Ear Surgery Only 44 (40.00)

Table 1. Characteristics of ergonomic evaluation pictures (n=110). 

Figure 1. RULA assessment grading breakdown.8

Figure 1. Average surgeon arm and elbow angles stratified by surgical modality. 
Note: p<0.05 is denoted by “ * ”, p<0.01 is denoted by “ ** ”, and p<0.001 is 
denoted by “ *** ”. 

Figure 2. Average surgeon wrist, neck, and trunk angles stratified by surgical 
modality. Note: p<0.05 is denoted by “ * ”, p<0.01 is denoted by “ ** ”, and 
p<0.001 is denoted by “ *** ”. 

Figure 3. Average surgeon final RULA score stratified by surgical modality. 
• Microscopic surgery had significantly higher RULA scores relative to both 

endoscopic and exoscopic surgery 
• Exoscopic surgery RULA score was significantly lower than that of both 

microscopic and endoscopic surgery
• Average exoscopic surgery RULA score indicated “negligible risk with 

acceptable posture” on RULA evaluation
• Average endoscopic and exoscopic RULA score indicated “Low risk with 

further investigation as change may be needed” on RULA evaluation

Table 2. Multivariable ordinal regression of factors associated with increased 
RULA score. 
• Relative to microscopic surgery, exoscopic surgery was associated with a 

significantly lower likelihood of increased RULA score (and thus MSD risk)
• Endoscopic surgery and surgeon experience were not significantly 

associated with RULA score. 

CONCLUSIONS
• All three modalities feature low ergonomic risk with exoscopic middle ear 

surgery demonstrating the lowest risk profile as compared to microscopic 
and endoscopic ear surgery. 

• Exoscopic surgery may offer surgeons improved long-term musculoskeletal 
health and surgical productivity without compromising patient outcomes.

• Our study is limited by a modest sample size from two institutions
• Further study should be done to assess how to better optimize 

intraoperative ergonomics to promote surgeon health and longevity. 

RESULTSINTRODUCTION
• Musculoskeletal disease (MSD) and pain is highly prevalent 

among otolaryngologists1,2 

• Otologic surgery includes unique ergonomic challenges such as 
narrow working spaces and repetitive motions that magnify 
otologists’ ergonomic risk.3,4

• These considerations accentuate the importance of 
investigating surgical modalities to improve the ergonomics of 
otologic surgery.

• Endoscopes have been shown to have some ergonomic benefits 
over microscopes in regard to neck and back angles.5 

• Exoscopes are a new surgical modality used in Asia and Europe 
that uses three-dimensional cameras to magnify the surgical 
field.6 

METHODS
Study Design: Observational study 
Study Setting: Two tertiary care centers in Japan and the US. 
Population: Fellowship-trained otology attending physicians and 
otolaryngology residents performing middle ear surgery 
Measures:
• Surgeon positioning was photographed at 15-minute intervals 

using a password-protected high-resolution phone camera. 
• Photos were taken parallel to the sagittal plane of the operating 

surgeon such all extremities on the surgeon’s documented side, 
as well as his or her trunk, hips, head, and neck, were visible. 

• Surgeon status, surgical modality, and type of surgery were also 
separately collected in relation to each photograph taken. 

Analysis: 
• Intraoperative photographs were analyzed in ImageJ using the 

validated Rapid Upper Limb Assessment (RULA) Tool.7,8 

• Descriptive statistics were used to characterize ergonomic scores 
stratified by surgical modality and RULA subsite. 

• ANOVA and unpaired t-tests were used to assess ergonomic 
differences between surgical modalities

• Multivariable ordinal regression of factors associated with 
increased MSD risk, as determined by the final RULA score

OBJECTIVES
(1) Characterize the neck, arm, and trunk angles for use of 

exoscopes, endoscopes, and microscopes in otologic surgery.

(2) Determine the total ergonomic risk score for each modality 
using the rapid upper limb assessment (RULA). 


