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Prototype of a canine hindlimb musculoskeletal robotic platform for biomechanics and veterinary

orthopedics
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The intricate interplay within the musculoskeletal system is crucial in biomechanics and orthope-
dics, particularly in animal locomotion. Conventional musculoskeletal models often oversimplify muscles
as mere connections between skeletal points, disregarding radial variations during muscle contraction or
relaxation that impact the surrounding tissues. Furthermore, animal movement is driven not solely by
skeletal and muscular elements but also by complex, nonlinear attributes of soft tissues such as superfi-
cial fascia. These intricacies pose challenges for conventional models. A freely operable musculoskeletal
robot employing Pneumatic Artificial Muscles (PAMs) was developed as a physical simulator, replicating
the canine hindlimb structure and unveiling the effect of fascia in movement to address this issue. This
robot’s potential applications extend to enhance the treatment of orthopedic disorders.
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Fig.1 Conceptual illustration of the musculoskeletal robot
as a physical biomechanics simulator. (a) Computa-
tional musculoskeletal models; (b) The robotic plat-
form; (c) Actual animals.
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Fig.2 (a) A toy poodle with severe MPL on its right leg
(the red box), serving as the model for the devel-
oped robot; (b) 3D Skeletal Models Derived from
CT Data.
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Fig.3 3D Representation of major flexors and extensors
replicated in the robot.

Fig.4 Overview of the robot’s skeleton and joints.
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Fig.5 (a) Components of thin McKibben pneumatic arti-
ficial muscles; (b) Deflated state (top) and inflated
state (bottom).
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Fig.6 Comprehensive view of the robot with emulated

muscle.
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Fig.7 (a) The entire leg is wrapped in stockings, shaped
to fit; (b) Afterward, a compression bandage was
used to apply full restraint.
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Fig.8 (a) Depiction of markers attached to the robot at
key reference points for joint measurement. (b)
Detailed illustration of each joint with markers in
place.
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Fig.9 Comparison of joint angle differences for each mus-
cle contraction of the left leg in normal condition.
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Fig.10 Comparison of joint angle differences for each mus-
cle contraction of the right leg in MPL condition.
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