
||Materials and Mechanics in Medicine

Jack Kendall
17.12.19

17.12.2019Jack Kendall 1

Shoulder Implant Biomechanics
Material and Mechanics in Medicine HS 2019



||Materials and Mechanics in Medicine 17.12.2019Jack Kendall 2

Shoulder Anatomy

 Stabilizers (Rotator Cuff):
 Supraspinatus
 Infraspinatus
 Subscapularis
 Teres Minor

 Prime Movers:
 Delotoid
 Pectoralis Major
 Latissiumus Dorsi



||Materials and Mechanics in Medicine 17.12.2019Jack Kendall 3

Shoulder Compications

50% of people in their seventh decade, and over 80% of people over the 
age of 80 will suffer a full-thickness rotator cuff tear 
 Rotator cuff tears that are not repaired can lead to fatty infiltration
 Prolonged loss of upper limb motion due to joint pain and
 instability (rotator cuff tears) can lead to osteoarthritis.
 Osteoarthritis + rotator cuff tears = rotator cuff tear arthropathy
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Shoulder Arthroplasty
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 Anatomic total shoulder 
arthroplasty (ATSA)
• Used to treat osteoarthritis, 

severe pain, reduced ROM, loss 
of muscle strength

- Increased tendon contact 
pressures after surgery (tendon-
metal contact)

 Reverse total shoulder 
arthroplasty (RTSA)
• Used to treat rotator cuff tear 

arthropathy (GHJ unstable), 
trauma, resection, revision of 
ATSA

- Complications (mostly dislocations)

Muscles intact Muscles torn
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Shoulder Arthroplasty
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 Anatomical Total Shoulder 
Arthroplasty (ATSA)

 Reverse Total Shoulder 
Arthroplasty (RTSA)

Relative to the anatomic shoulder, RTSA medialises GH 
joint center of rotation, and inferiorises the humerus
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Shoulder Arthroplasty
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 Anatomical Total Shoulder 
Arthroplasty (ATSA)

 Reverse Total Shoulder 
Arthroplasty (RTSA)

Relative to the anatomic shoulder, RTSA medialises GH 
joint center of rotation, and inferiorises the humerus

Increase in muscle leverage after RTSA reduces 
muscle and joint loading (movements more efficient)

vs
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 RTSA using measurement and 
modelling (i.e.,in vitro, in vivo, in 
silico):

 • Muscle moment arms
 • Muscle lines of action
 • Muscle force
 • Joint force
 • Bone and implant stresses
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Reverse Total Shoulder Arthroplasty
Quantification of joint and muscle function after RTSA

Jack Kendall
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Reverse Total Shoulder Arthroplasty
Muscle moments after RTSA
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Muscle forces after RTSA

Post. deltoid also 
ADductor  ABductor
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Muscle Force Models
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RTSA using measurement and modelling 
(i.e.,in vitro, in vivo, in silico):

Presenter
Presentation Notes
• Muscle forces cannot be measured (non-invasively) 
• Patient-specific musculoskeletal models can estimate muscle forces using physiological cost functions and constraints
• Models should be derived and validated using experimental data (e.g. cadaveric testing, instrumented implants etc.)
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Exercise 1
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ABductor

ADductor
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Exercise 2
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 Anatomical Total 
Shoulder Arthroplasty 
(ATSA)

 Reverse Total Shoulder 
Arthroplasty (RTSA)

2B: Static case  Force & Momentequilibrium



Enjoy the holidays!
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