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VDT/Office
Technology

Biomechanical
Strain

Pointing devices 
Mice, track balls, touch pads, and roller bar

Lin (2015) Applied Ergonomics.  47: 259-264 
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Lin (2015) Applied Ergonomics.  47: 259-264 
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Shoulder breadth Shoulder breadth

Won (2008) JEK. 19: 428-436
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Dennerlein & Johnson (2006) Ergonomics. 49:1456-69



Sauter SL, Swanson NG. An ecological model of musculoskeletal disorders in office work. In: Moon SD, Sauter SL, eds. 
Beyond biomechanics: Psychosocial aspects of musculoskeletal disorders in office work. London: Taylor & Francis; 1996.

VDT/Office
Technology

Work
Organization

Psychological
Strain

Physical
Demands

Biomechanical
Strain

Tissue
Damage

Detect
Sensation

Labeling/Attribution
(e.g., CTD Symptoms)

Musculoskeletal
Outcomes

Individual
Factors

psychological

psychological

physical

Injury model for computer work



VDT/Office
Technology

Biomechanical
Strain

Keyboard
Shapes, thickness, and keyboard switches……
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Kotani et  al (2007) Ergonomics. 50(9): 1419 - 1432

More shoulder flexion  More use of table as forearm support

Straighter wrists

Keyboard
Placement
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VDT/Office
Technology

Biomechanical
Strain

Keyboard
Thin keyboard  Key switch design

Key travel 
(1990) 3-4 mm
(2000) 1-2 mm
(2010)  < 1 mm 

Scissors mechanisms Rubber Dimple

Electrical contact

ISO Travel Standard: 1.5 – 6.0 mm
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73-83 g

Macbook® Pro
0.55 mm
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60-70 g

Surface Book®
1.6 mm
Scissors
60-70 g
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Marcus et al. (2002)  Am J Ind Med. 41:236-249

Protective
• Neck and shoulder pain

– Elbow angle > 121°
– Greater downward head tilt
– Presence of Arm Rests

• Hand and Arm pain
– Keyboard > 12cm away from the 

edge of table

Risks
• Hand and Arm

– Keyboard height > 3.5 cm above the 
table height

– Key activation force > 48 g
– Radial wrist deviation > 5 ° with 

mouse use



Let go of that mouse; Reduces pain
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van Eerd Occup Environ Med. 2016 Jan;73(1):62-70
De Kraker Ergonomics 2008;51 (2):140-55.
King Ergonomics 2013;56 (1):59-68.
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Mixed evidence for alternative 
pointing devices

27van Eerd Occup Environ Med. 2016 Jan;73(1):62-70
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Different key switch designs matter too; 
Moderate evidence (A) that it reduces pain
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van Eerd Occup Environ Med. 2016 Jan;73(1):62-70
Rempel JOEM 1999; 41:111–19.
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Mixed results about geometry; 
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van Eerd Occup Environ Med. 2016 Jan;73(1):62-70
Tittiranonda et al. Am J Ind Med. 1999;35(6): 647–61.
Baker et al Work, 2015 50: 677‐686
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Asundi et al. Work: A Journal of Prevention, Assessment and Rehabilitation.  2011: 39(2):187-19377.
Asundi et al.,. Ergonomics. 2012;55(8):874-884. .
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Jeremy N. Bailenson Nonverbal Overload: A Theoretical Argument for the Causes of Zoom Fatigue. Technology, Mind, and 
Behavior, APA 2(1):  DOI: 10.1037/tmb0000030

Injury model for zoom fatigue

Augmented Reality
Video Conferencing
Technology (Zoom)

Eye Gaze at a Close Distance
(All day intense social interactions)

Cognitive Load
(interacting with technology)

Reduced Mobility
(increased sedentary)

MSDs & 
Zoom Fatigue

Remote 
Tele-Work



Sauter SL, Swanson NG. An ecological model of musculoskeletal disorders in office work. In: Moon SD, Sauter SL, eds. 
Beyond biomechanics: Psychosocial aspects of musculoskeletal disorders in office work. London: Taylor & Francis; 1996.

VDT/Office
Technology

Work
Organization

Psychological
Strain

Physical
Demands

Biomechanical
Strain

Tissue
Damage

Detect
Sensation

Labeling/Attribution
(e.g., CTD Symptoms)

Musculoskeletal
Outcomes

Individual
Factors

psychological

psychological

physical

Injury model for computer work



Technology

Injury model

Context
People



WEBINAR

Dr. Jack Dennerlein | March 23, 2022

Office Work: Input Devices 
Matter in Preventing MSD

THANK YOU


