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1. We all make bad pie charts (in biomechanics)

... but we don’t have to

Yesterday’; o
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2. Why Rebound?

analogous reasons for basketball & walking?

7x NBA Rebounding Champion (1992-98)



SOCIETAL SIGNIFICANCE
Biomechanical measures - science
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SOCIETAL SIGNIFICANCE
Biomechanical measures = science, tech
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SOCIETAL SIGNIFICANCE
Biomechanical measures = science, tech & medicine




QUESTION

How good are our biomechanical measures?
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“Energy Accounting” Analysis
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How good are our biomechanical measures?

3.
21 /\
2 1l
s [ M\
g 0 - ;—' center-of-mass work / ~
2 \/ +
& 1t peripheral work
(relative to center-of-mass)
Bl
0 25 50 75 100

% Gait Cycle

COM-Based Work Estimates



QUESTION

How good are our biomechanical measures?
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Total positive work ~40 J
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Joint-segment work
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Joint-segment work
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Summed joint-segment work
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PROBLEM

Conventional joint-segment measures miss 25% of work
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PROBLEM

Conventional joint-segment measures miss 25% of work

Zelik, Takahashi & Sawicki 2014 (in review)
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PROBLEM

Joint-segment estimates miss even more of Push-off (33%)

Zelik, Takahashi & Sawicki 2014 (in review)
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Reconsider current “gold-ish standard”

3D inverse dynamics
How much work to
rotate body segments?

Wjoint = f(Mjointa)joint)dt




Conventional estimates ignore translational work

due to joint compression




Conventional estimates ignore translational work

or due to measurement limitations




HYPOTHESIS

6D estimates would explain missing work

6D inverse dynamics
How much work to
move body segments”?

W =f(l\/l. .. .+F . AV,

joint joint™> joint joint joint

)dt

rotational work + translational work
Buczek 1994, Duncan 1997



KEY FINDING 1

6D analysis explains positive work across stride

(i.e., we can create a complete pie chart)
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KEY FINDING 2

6D analysis reveals more hip
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KEY FINDING 2

6D analysis reveals more hip
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QUESTION

Why (active) Rebound?
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Why (active) Rebound?
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QUESTION
Why (active) Rebound?

Not all shots go Iin
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APPROACH

Build up from Dynamic Walking perspective...
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Simplest (No Push-off) Model
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Optimal Active Push-off

Push-off = Collision
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Humans: Push-off largely due to elastic recolil of Achilles
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Passive Push-off (from elastic ankle)
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KEY FINDING 1

Passive Push-off predicts active Rebound work
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stance phase
active
work
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stance phase
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QUESTION

Can we avoid need for active Rebound work?

largely active hip work in humans

stance phase
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KEY FINDING 3

Passive Push-off can remove need for active work

(theoretically no need to perform Rebound work)
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QUESTION (CLIFFHANGER )

Why don’t humans walk more like this model?

Corollary: should assistive devices aspire to this model?

-
/ \
l \
I \ return
model I, \
power / \ ~
/ o [ ! / o
_’ T £ No Collision / sorage
| | /
< <
- | |
£ £
= |
| |
i i
74\ I
/ i\ |
R ;
o\ l / \
measuredT | 1\ /\ | / \
power | L\ H / \
/ >

7
”
7
\\
-
-
(=
3
[p)



SUMMARY

1. We all make bad pie charts (in biomechanics)

when estimating joint work from conventional 3D inverse dynamics
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SUMMARY

1. We all make bad pie charts (in biomechanics)

... but we don’t have to if we do 6D analysis of joints & feet
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SUMMARY
2. Why Rebound?

Not all work is done
by Push-off

Not all shots go in
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SUMMARY

2. Why Rebound?

passive Push-off model explains need for active Rebound work
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Vesterday'swh
What was the Dest part
the Super Bowl? .

Thanks for your attention.

Collaborators: Greg Sawicki & Kota Takahashi (North Carolina State)
Funding: Whitaker International Program




