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So= Tissue
 Work in Hum

an Walking 
Moving & Shaking: 



Mmmm… rigid‐body dynamics 



But >80% of the body is “so=” 
Prange 1979 

DeVita 2007, Gruber 1998, 

Pain 2003 



More like Jello than rigid? 

youtube.com, bofunk.com 



Walking has heelstrike collisions 

Hypothesis: So= Zssue work during/a=er collisions 

Increasing with speed  Kuo 2002 



So= Zssue work in walking? 
How much? When? 

1) Method for esZmaZng so= Zssue power 

and work 

2) Normal walking 



Non‐Joint (“So=”) Joint 

Center‐of‐Mass           Peripheral 

Total Mechanical Power 

König’s Theorem 

“External” power, due to 

moZon of the CoM 

RotaZonal power due to 

muscles/tendons 

(inverse dynamics) 

Everything else, notably 

power due to deformaZons 

of non‐rigid bodies 

“Internal” power, due to 

moZon of segments 

relaZve to the CoM 



Non‐Joint (“So=”) Joint 

Center‐of‐Mass           Peripheral 

= 



Joint  Non‐Joint (“So=”) Non‐Joint (“So=”) 

Center‐of‐Mass  Peripheral 

no direct measure 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Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 

Walking Experiment 

  Young, healthy adults (N=10) 

  Speeds 0.7 – 2.0 m/s 

  Instrumented treadmill 

  Collected forces & kinemaZcs 



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 

1.25 m/s 



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 

1.25 m/s 



0 25 50 75 100
-2

-1

0

1

2

3

4

Po
w

er
 (W

/k
g)

% Gait Cycle

Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 

1.25 m/s 

0 25 50 75 100

0H
ip

0

Kn
ee

0An
kl

e

% Gait Cycle



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 



Total Mechanical Power 

Non‐Joint (“So=”) Joint 



Total Mechanical Power 

Non‐Joint (“So=”) Joint 



Total Mechanical Power 

Non‐Joint (“So=”) Joint 



Total Mechanical Power 

Non‐Joint (“So=”) Joint 



Total Mechanical 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(“So=”) Joint 



Non‐Joint (“So=”) Joint 

Work 

Total Mechanical Power
integrate over Zme 



Non‐Joint (“So=”) Joint 

NegaZve Collision Work 

Work 



Non‐Joint (“So=”) Joint 

NegaZve Collision Work 

60% 

dominated by 

non‐joint work 



Non‐Joint (“So=”) Joint 

damped elasZc rebound 

of so= Zssues? 

PosiZve Rebound Work 



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 

  Indirect esZmate 

  So= Zssue work loosely defined as non‐joint 

 No indicaZon of where work is done 

LimitaZons 



Non‐Joint (“So=”) 

 Center‐of‐Mass  Peripheral 

Joint 

So= Tissue… 

  Power esZmated from GRFs and kinemaZcs 

  60% of collision work in walking 

 Not only dissipaZve, ~5‐8 J elasZc rebound 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Thanks 

There is a collision in gait 

when the foot hits the ground and bears weight. 

 Joint work measures miss 

 three‐fi>hs of the squish, 

which so' )ssues perhaps dissipate. 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