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Design and Experimental Study of an In-Vitro
Shoulder Biomechanical Simulator

FANG Liang ,YU Suiran
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A novel shoulder simulator was developed for the purpose of pathology study and repair
strategy of human shoulder joint. The structure of the shoulder simulator was designed according to the
average size of the Chinese shoulders and their kinematics. Electrical and pneumatic actuators were used
in combination to achieve dynamic abduction motion of the invitro shoulder. Meanwhile, the
biomechanical functional parameters were acquired. The ability to track setpoint profiles for abduction
and the statistical capabilities for functional parameters were evaluated by root mean square error and
standard deviation. The feasibility of the simulator for in-vitro shoulder musculoskeletal system was
verified, thus providing a new solution for the study of shoulder biomechanics
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Fig. 2 Form of fixing shoulder and measurement of
glenohumeral compressing force
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Table 1 Key sizes of the in-vitro shoulder
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Table 2 Names and classification of shoulder muscle groups
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Fig. 3 The muscle-loading system

(PremiCron , B.



626

Braun Medical Inc. ) )

. SMC (Bis Bi)
LabVIEW (ITV1030
SMC Corp)

B, (GTM150

B2 BIZ o
, Mihata ™ Mecgarry %

b b

’ B13
(TGF—20 , )

b 5 b
3(b) . DIO
(PCLD—885 ) o ,

. (AD,PD, SUP, INF,
SSCO s
[6]

2.4

4 0

C, (E6B2—C , OMRON Corp)
G,
2.3

Cl CZ s

(MicroScribe G2X , Revware Corp,

Fig. 4 The mechanism of measuring the glenohumeral angle
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Fig. 5 The mechanism of actuating the scapula
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Fig. 6 The variation of the scapular rotational angle with b
respect to time
7
Fig. 7 The in vitro shoulder simulator
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Fig. 8 The variation of muscle loading ratio with respect to
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Fig. 9 Curves of the shoulder abduction
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