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» (Choose biofidelity test condition
» Develop experimental seat for rear impact sled testing
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» |nvestigate the mechanism of injury
» Develop and validate 3-D cervical spine kinematic instrumentation
o ldentify injurious kinematics

» Relate injury to measured PMHS variables
 Assess potential injury criteria for rear impact dummies
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» |nvestigate the mechanism of injury
» Develop and validate 3-D cervical spine kinematic instrumentation
o ldentify injurious kinematics

 Relate injury to measured PMHS variables
 Assess potential injury criteria for rear impact dummies
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 Designed for Biofidelity (not injury criteria development)
» Repeatability, durability, measure occupant loading, allow SB rotation
» Not designed to represent a real seat
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Limitations
Experimental Seat

» Experimental Seat

 Designed for Biofidelity (not injury criteria development)
» Repeatability, durability, measure occupant loading, allow SB rotation
» Not designed to represent a real seat

 Rigid HR with load cells affects UN/LN loads

« UN/LN loads not accurate after HR contact
» Uniaxial LCs combined with ramping motion
 Neck interaction with HR

« SB Rotation Is more uniform than production SB

 Large ramping (particularly in moderate-speed test)
« Neck interaction with HR
« Lowers effective HR height for PMHS interaction
» Wrap-around causes large extension in some cases
« However: peak IV-NIC was still in flexion prior to this



Limitations
Experimental Seat

» Two Biofidelity test conditions (low-speed, mod-speed)
» Yields only two BioRIDII data points

» Can’t do traditional correlation study between BIoRIDII measures
and PMHS injury predictors

» Need more paired test conditions



Production Seat Testing

» Strengthen and verify results using real seats

» Test PMHS and BioRIDII' (multiple paired tests)
» Production seats (Chevy Cruze, Toyota Camry)
» Measure HR loads - strain gages on posts
» Multiple BioRIDII data points for correlation

» Test Matrix (8 PMHS)
* First 4 PMHS - 2 seats — varying severities
 Evaluate Injury data
* Next 4 PMHS — Choose diff pulses, seats, repeats??
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Test Matrix

Experimental Seat

Three repeats at each speed 7/ PMHS at each speed

PMHS

Test Test Driver Side
Number | Speed Dummy
. oS 1
2 L (4) PMHS 02

3 PMHS 03

O
c
3
3,
A

Driver Side
Dummy

Test
Number

Test
Speed

Passenger Side
Dummy

L Hybrid 111 50t BioRID 11

Hybrid 111 50t BioRID Il

RID3D BioRID 11

RID3D BioRID 11
4 oS 0
RID3D Hybrid 111 50t
5 PMHS 05
IM

RID3D Hybrid 111 50t

PMHS 06

RID3D Hybrid 111 50t

7 PMHS 07

PMHS 08

RID3D BioRID 11

RID3D BioRID 11

| 1 | L [rybridiison| BiRIDN
2 | L [rybridiison| BiRIDN
s | L | moo | elRiDH
¢ | L | ROD® | eoRDN
s | L | R | Hybridiiso
| 6 | M | RID® | Hybridimson
| 7 | M | RID® | Hybridison
s | m | RO | RN
o | M | ROD® | soRDN
10| M| Hybridl11507 | BioRIDI

[HE

Hybrid 111 50t BioRID Il
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Sled Pulses

Experimental Seat

— 17 km/h (8.5 g) — PMHS
— 24km/h (10.59) —ATD
— 24 km/h (105 g) - PMHS

-20 O

3 3 3 3 3 3 3 3 3 3 3 3 3

Time [msec]

20 40 o60 80 100 120 140 160 180 200 220 240 260



17 km/h; 8.5 g Sled Test

Experimental Seat

-19.0 SRS




24 km/h; 10.5 g Sled Test

Experimental Seat




24 km/h; 10.5 g Sled Test

Experimental Seat

Last Run Time= 0.0000 Frame=001




Test Matrix

Production Seat

PMHS10

5 A AD
Ela r.;é.r

= ¢ . ! ﬂ ES 4
Chevy Cruze ® — 67y0 82yo
FMVSS 202a @ 177cm/83kg

17 8. NS

-

Toyota Camry
JNCAP s L 184cm/82kg 24 km/h . 184cm/75kg

66yo0

INCAP pane
Toyota Carnry Sext




Sled Pulses

Production Seat

PMHS10

-PMHS09
-PMHS10
-PMHS11
-PMHS12

-PMHS09
-PMHS10

-PMHS11
I I I I I I I I I I I I -E)MH|812

: 0 ' I i : i : i I i I i I i I i I i I i I i I i 1 v 1 v
0 20 40 60 80 100 120 140 160 180 200 220 240 260 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260
Time [ms] Time [ms]

Toyota Camry = - ) Toyota Camry sguain
JNCAP R 24 km/h = 184cm/75kg

o —————— =




Head Restraint Forces
Production Seat
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Production Seat Sled Tests
Chevy Cruze - FMVSS 202a

T T W —————w = 0oc. 200 pWANE DN

Chevy Cruze . e : Chevy Cruze
FMVSS 202a g - FMVSS 202a




Production Seat Sled Tests
Chevy Cruze - INCAP

e
Chevy Cruze |
JNCAP

“ W/,
, & RS
Chevy Cruze ~
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Production Seat Sled Tests
Toyota Camry - INCAP

Toyota Camry ¢




Production Seat Sled Tests
Toyota Camry — 24 km/h

S
-l

Toyota Camry : Toyota Camry
24 km/h : 24 km/h




Documentation of Injukies




Documentation of Injuries
Experimental Seat

= - (iSC rupture
@ : subluxation (represents WAD)
A : laceration (tear)

PMHS03 | <|Ooster:.or view> facéilt\ joint

PMHS04
PMHSO05

C2

.I o3

PMHSO07

C4

C5

ligamentum i co

flavum

C7

T1
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Documentation of Injuries HTSA

www.nhtsa.gov

Experimental Seat

Injury Documentation

PMHSO03 PMHS04 PMHSO05 PMHS06 PMHS07 PMHSO08
c2/c3 No injury No injury Subluxation No injury No injury No injury
Cc3/Cc4 Subluxation No injury Subluxation No injury No injury No injury
C4/C5 Subluxation Subluxation Subluxation No injury Subluxation No injury
C5/C6 No injury Subluxation Subluxation Subluxation No injury No injury
ce/c7 No injury Subluxation Subluxation No injury - » .' el Subluxation




Documentation of Injuries
Production Seat

= (iSC rupture
@ : subluxation (represents WAD) \
A : laceration (tear) \

<poster|or VIeW>

,

fac\at joint,

cap\sule '

mterspl\gous W)

PMHS09
PMHS10

PMHS11
PMHS12

ligamentum
flavum




Documentation of Injuries
Production Seat

IV-NICrot (Rotation)

PMHS09

PMHS10

PMHS11

PMHS12

FMVSS202

JNCAP

JNCAP

24 km/h

No injury

No injury

No injury

No injury

No injury

No injury

No injury

Subluxation

Subluxation

No injury

Subluxation

Subluxation

No injury

Subluxation

Subluxation

No injury

No injury

Subluxation

No injury

No injury




Injury Criteria Analysis
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PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

Injuries @ intervertebral levels

C2/C3 - C6/CT7: 5 levels

5 data points per test
PMHS02-non injurious 4
multiple tests

n =~70 (50 exp / 20 prod)

Injury Risk Curves

Intervertebral kinematics

Rotation [deg]




PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics
Experimental Seat Only

Goodman-Kruskal

Intervertebral kinematics
Gamma

Acceleration x

Acceleration z

Velocity x

Velocity z

Angular velocity y

Facet JT Slide
Facet JT Slide Rate
Facet JT Axial

(+) : positive peak, (-): negative peak, Max: maximum peak

B Pscudo R?> 0.2, Nagelkerke R? > 0.4, P-value < 0.05 , Goodman-Kruskal Gamma > 0.6
_ Best correlation and prediction




PMHS Injury Analysis

Experimental Seat Only
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Injury Risk Curves — Intervertebral Kinematics

Log-

Intervertebral 2 2
Pseudo R | Nagelkerke R* | ., ‘b

kinematics

Intervertebral Max
Rotation y

B Pscudo R?> 0.2, Nagelkerke R? > 0.4, P-value < 0.05 , Goodman-Kruskal Gamma > 0.6

_ Best correlation and prediction

P-value

Goodman-
Kruskal
Gamma

0.96




PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics
Production Seats Only

Goodman-Kruskal

Gamma

Acceleration x

Acceleration z

Velocity x

Velocity z

Angular velocity y

Facet JT Slide
Facet JT Slide Rate
Facet JT Axial

(+) : positive peak, (-): negative peak, Max: maximum peak

I Pcudo R?> 0.2, Nagelkerke R? > 0.4, P-value < 0.05 , Goodman-Kruskal Gamma > 0.6
_ Best correlation and prediction



PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics
Production Seats Only

4 PMHS Data
CT Method
——Binary Risk Function
—Weibull-Survival

5 10 15
Intervertebral Rotation [deg]

Intervertebral Loa- Goodman-
: : Pseudo R? | Nagelkerke R? =99 P-value | Kruskal
kinematics Likelihood Gamma

Intervertebral .« 896 0000 074

Rotation y

B Pscudo R?> 0.2, Nagelkerke R? > 0.4, P-value < 0.05 , Goodman-Kruskal Gamma > 0.6

_ Best correlation and prediction



PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics
Combined Exp/Prod Seats

Goodman-Kruskal

Gamma

Acceleration x

Acceleration z

Velocity x

Velocity z

Angular velocity y

Facet JT Slide
Facet JT Slide Rate
Facet JT Axial

(+) : positive peak, (-): negative peak, Max: maximum peak

I Pcudo R?> 0.2, Nagelkerke R? > 0.4, P-value < 0.05 , Goodman-Kruskal Gamma > 0.6
_ Best correlation and prediction




PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics
Combined Exp/Prod Seats
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B —Weibull-Survival

Intervertebral Rotation [deg]

/ ——Binary Risk nction
5 10 15 2

Intervertebral | G Goodman-
: , Pseudo R? | Nagelkerke R? | . 9 P-value | Kruskal
kinematics Likelihood Gamma

Rotationy Max 0.47 -22.40 0.00

(+) : positive peak, (-): negative peak, Max: maximum peak
B Pscudo R?> 0.2, Nagelkerke R? > 0.4, P-value < 0.05 , Goodman-Kruskal Gamma > 0.6

_ Best correlation and prediction




PMHS Injury Analysis

Injury Risk Curves — Intervertebral Kinematics
Comparison - 50% Chance of AIS 1+

Experimental Seat Production Seats Combined Exp/Prod Seats
| >
[y 4 oy

Intervertebral Rotation [deg]

6.7 deg (flexion) 8.8 deg (flexion)

. Intervertebral Rotation [deg]
Rotation [deg]

10.5 deg (flexion)




PMHS Injury Analysis
Injury Risk Curves — Intervertebral Kinematics
Comparison - 50% Chance of AIS 1+
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g Linear/angular acceleration,
velocity, and displacement

S Best injury

2 predictors

Current/potential injury
criteria




PMHS Injury Analysis

Injury Risk Curves — IV-NICrot
Comparison - 50% Chance of AIS 1+

Experimental Seat

N R
I

Combined Exp/Prod Seats

: y
0.9
ol

Production Seats

IVNICrot IVNICrot

IV-NICrot

V-NIC =1.12 IV-NIC =0.81 IV-NIC =1.03



Qo
2 Linear/angular acceleration,
velocity, and displacement
P Best injury & p————r
= - o urrent/potential injury
Z predictors ¢ criteria




PMHS Injury Analysis
IV-NIC vs. Current/Potential Injury Criteria

» Correlation between IV-NIC rotation and existing injury. criteria

NIC=02xa_ +V,_ "

Correlation’&

1V = NiCror [

LNL —index(t) =
Yes

N
Potential PMHS IARVsS

4 \V I:Xlower (t)2 + |:ylower (t)2

C

NDC, Nij

Head-to-T1 Rotation
Upper/Lower Fx, Fz, My
Any physical parameters

‘\/ I\/lylower (t)z + |\/leower (t)z

C

moment

leower (t)
C

_|_

shear tension



PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria
Experimental Seat Only

Experimental Seat

IV-NICrot

i |

NDCrot

NDCx

NDCz 0.07

NIC 0.47




NIC [m2/s2]

PMHS Injury Analysis
IV-NIC vs. Kinematic Criteria
Experimental Seat Only

y = 21.20x + 22.28

R? = 0.65

1 1.5 ] |
IV-NiCrot

y= 24.56x + 34.26
R? = 0.47

1 1.5 i !
IV-NiCrot

»we o -
* 00”‘0" :, :

S

@

NDCx [mm]

ul
o

V = 51.70)( + 59.03
R? = 0.63

1 1.5 ) |
IV-NiCrot

* 50 % chance of AIS 1+ injuries

e IV-NICrot - 1.12
* NDCrot : 46 deg (flexion)
« NDCx: 117 mm

* NIC: 62 m?/s?




PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria
Experimental Seat Only

Experimental Seat

IV-NICrot

i |

NDCrot

NDCx

NDCz 0.07

NIC 0.47




PMHS Injury Analysis

I\V-NIC vs. Kinematic Criteria
Correlation Comparison

Experimental Seat Production Seats Combined Exp/Prod Seats

I\VV-NICrot IVV-NICrot IV-NICrot

R? - value

R2 - value

i |

NDCrot NDCrot 0.32 NDCrot 0.46

NDCx NDCx 0.10 NDCx 0.30

NDCz NDCz 0.02 NDCz 0.04

NIC NIC 0.03 NIC 0.26




Injury Analysis

I\V-NIC vs. Kinematic Criteria
Production Seats only

40 80
35 70 L2 X 2 L K
* ® L 4
f— 30 L g ® o *® L 2 60
& 25 g 50
ol | Rl ’\’.\ ’ ’
20 =40
10 20 R s
. ¢ e y = 14.08x + 13.12 ” y = -18.88x + 54.48
R? = 0.32 R?=0.10
0 I I I 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2
IV-NICrot IV-NICrot

y =-3.52x + 22.65
R?=0.03
[

1.5

IV-NICrot



PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria
Correlation using all data

y = 21.20x + 22.28
RZ = 0.65

1 1.5 2 2.5
IV-NICrot

y =14.08x + 13.12
R?2=0.32

1 1.5
IV-NICrot




PMHS Injury Analysis

I\V-NIC vs. Kinematic Criteria
Correlation using mean IV-NIC

y = 21.20x + 22.28
RZ = 0.65

1 1.5 2 2.5
IV-NICrot

Production Seats (all data)

y =14.08x + 13.12
R?2=0.32

1 1.5
IV-NICrot

Experimental Seat (mean IV-NIC)

70.00
60.00

— 50.00

&

S 40.00

S 30.00

< 20.00

10.00 y =30.20x + 15.28
R?=0.92

0.00
1.00 1.50
IV-NICrot

Production Seats (mean 1V-NIC)
40
35

y =28.88x + 3.62
RZ2=0.69

1
IV-NICrot




PMHS Injury Analysis

I\V-NIC vs. Kinematic Criteria
Correlation using mean IV-NIC

Combined Exp/Prod Seats (all data Combined Exp/Prod Seats (mean 1V-NIC)

70.00
60.00
50.00
¥
5 40.00

2 30.00
2
20.00

=22.33x +16.29
R2=0.46 10.00 y =32.30x +10.15

2 -
0.00 R*=0.75
1 1.5 2 2.5 . . 1.00
IV-NICrot IV-NICrot




Experimental Seat

PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria
Correlation using all data

Production Seats

NDCrot

IV-NICrot

R2
(all data)

NDCx

NDCz

NIC

NDCrot

NDCx

NDCz

NIC

IV-NICrot

RZ
(all data)

0.32
0.10
0.02
0.03

Combined Exp/Prod Seats

NDCrot

NDCx

NDCz

NIC

IV-NICrot

R2
(all data)

0.46

0.30

0.04
0.26



Experimental Seat

PMHS Injury Analysis

I\V-NIC vs. Kinematic Criteria
Correlation using mean IV-NIC

Production Seats

IV-NICrot
R? R?2
(all data) (mean)
NDCrot NDCrot
NDCXx NDCXx

NDCz

NIC

0.0/ 0.10

0.47

NDCz

NIC

IV-NICrot

R?2 R?2
(all data) (mean)

-

-0.23

0.10

0.02 -0.09

0.03 -0.06

Combined Exp/Prod Seats

NDCrot

NDCx

NDCz

NIC

IV-NICrot

R?2 R?2
(all data) (mean)

oo i

0.41

0.30

0.04 0.06

0.26 0.36



NIC [m2/s2]

PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria

y = 21.20x + 22.28

R? = 0.65

1 1.5 ] |
IV-NiCrot

y= 24.56x + 34.26
R? = 0.47

1 1.5 i !
IV-NiCrot

»we o -
* 00”‘0" :, :

S

@

NDCx [mm]

ul
o

V = 51.70)( + 59.03
R? = 0.63

1 1.5 ) |
IV-NiCrot

50 % chance of AIS 1+ injuries
* IV-NICrot :1.12
* NDCrot : 46 deg (flexion)
« NDCx: 117 mm
* NIC: 62 m?/s?




PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria

70.00 160.00
60.00 140.00 e
— 50.00 _120.00 . o 2l
%" 20.00 E 100.00 e :
G 30.00 g 200 o
= S 60.00 8
Z 20.00 z ¢
’ 40.00
10.00 y = 30.20x +15.28 20.00 y = 73.64x + 41.96
R2=0.92 ’ RZ=0.89
0.00 0.00
0.00 0.50 1.00 1.50 0.00 0.50 1.00 1.50
IV-NICrot IV-NICrot
100.00
80.00 ‘ 50 % chance of AIS 1+ injuries
~ * .
2 60.00 ‘ . * IV-NICrot: 1.12
£ :
o 40.00 o M « NDCrot : 49 deg (flexion)
> .
. .
20.00 y = 34.99x + 26.15 NDCx: 124 mm
0.00 R =0.67 ¢ NIC 65 m2/S2
0.00 0.50 1.00 1.50

IV-NICrot



PMHS Injury Analysis

IV-NIC vs. Kinematic Criteria
Comparison - 50% Chance of AIS 1+

Experimental Seat Production Seats Combined Exp/Prod Seats

I\VV-NICrot I\VV-NICrot IV-NICrot

R?2 R?2 R? R?2
(all data) (mean) (all data) (mean) (all data) (mean)

NDCx \blo® (0.10 -0.23 \Dlo® (.30 0.41

R? R?

\pleoeay 0.0/ 0.10 \pleog 0.02 -0.09 \ple>l (.04 0.06

NIC 0.47 NIC 0.03 -0.06 NIC 0.26 0.36

NDCrot = 49 deg (flexion) [l 3l NDCrot = 43 deg (flexion)




PMHS Injury Analysis
IVV-NICrot vs. Kinetic criteria
Experimental Seat (Entire time history)

I\VV-NICrot
R2 - value

IV-NICrot

R2 - value
0.05
0.25 Nce
s "
0.05
0.04 NEE]
0.12 Naf
0.48
Npe
0.00 &
0.4 Npf

0.34 LNL




PMHS Injury Analysis

IV-NICrot vs. Kinetic criteria
Experimental Seat (Prior to HR contact)

IV-NICrot IV-NICrot
R? - value

0.81

0.17 Nte
0.50 Ntf
0.69 Nce
0.75

0.56 Net
0.01 Nae
0.73 Naf
0.64

0.58 Npe
0.61 Npf
0.50 LNL




PMHS Injury Analysis
IVV-NICrot vs. Kinetic criteria
Production Seats

I\VV-NICrot
R2 - value

IV-NICrot

o R value
0.44 Nte -0.99
0.37 Nce
0.03 Nof
0.44
0.01 NEL
0.41 Naf
0.02

Npe
0.01 P
Npf




g d Potential BioRID Injury Criteria

BioRIDI|I




g d Potential BioRID Injury Criteria
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Potential BioRID Injury Criteria
Intervertebral Rotations
Experimental Seat

1

50 % chance of AIS 1+

o O O O O
UV o N 0 WO
5.
hl
-

w =
D
w
—

o
=
o
®)

A
O

ility of AIS 2 1 Injury

- Binary Risk Function

—— Weibull-Survival

6 8 . 10 12 14
Intervertebral Rotation [deg]

Goodman-

Intervertebral kinematics Pseudo R? Nagelkerke R? Log-Likelihood P-value

Kruskal Gamma

Intervertebral
rotation

-11.687 0.000




Potential BioRID Injury Criteria
Intervertebral Rotations
Experimental Seat

BioRIDII/PMHS Injury Risk Curve for Intervertebral Rotation

e !
[

BioRIDI|I

-1.0 =% TR

o o o o o o
2 : :l’:-\f.rl : :

Probability of AIS 2 1 Injury

e
[

o

6 8
Intervertebral Rotation [deg]



Potential BioRID Injury Criteria
Global Measures
Combined Exp/Prod Seats

BioRIDII/PMHS Injury Risk Curve for Intervertebral Rotation

BioRIDI|I

1.0 ™™=

Intervertebral Rotation [deg]



Potential BioRID Injury Criteria
Global Measures

Experimental Seat

PMHS Regression model

y = 30.20x + 15.28
R? = 0.92

1.00 1.50
IV-NICrot

50 % chance of AIS 1+ injuries for BioRIDII

NDCrot : 13 deg (flexion)

50 % chance of AIS 1+ injuries for PMHS

NDCrot = 49 deg (flexion)
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Potential BioRID Injury Criteria
Global Measures

Combined Exp/Prod Seats

PMHS Regression model

y=32.30x +10.15
R?=0.75

1.00 1.50
IV-NICrot

50 % chance of AIS 1+ injuries for BioRIDII

NDCrot : 13 deg (flexion)

50 % chance of AIS 1+ injuries for PMHS

NDCrot = 43 deg (flexion)

BIORIDII

1.0 T

n

S
;,

eSS Y- ’




Summary

* Best PMHS injury predictor

* IV-NICrot
* 50% chance of AIS 1+ injury = 1.12
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Summary

« Best PMHS injury predictor

* IV-NICrot
* 50% chance of AIS 1+ Injury = 1.03

* Most promising BioRID injury criteria
* |V Rotation, NDCrot

* 50% chance of AIS 1+ injury:
|V Rotation = 10.5 deg PMHS, 6.3 deg BioRID

* NDCrot =49 deg flexion PMHS, 13 deg flexion BioRID



Summary

« Best PMHS injury predictor

* IV-NICrot
* 50% chance of AIS 1+ Injury = 1.03

* Most promising BioRID injury criteria
* |V Rotation, NDCrot
* 50% chance of AIS 1+ injury:

|V Rotation = 8.8 deg PMHS, 6.9 deg BioRID

NDCrot = 43 deg flexion PMHS, 13 deg flexion BioRID



Next 4 tests

 Strengthen production seat IRCs with more data
o Determine If NIC and NDCx should be considered
» Better correlation for kinetic measures

« Conduct two repeat tests with no rebound allowed
» Resolve possible censoring issue due to large rebound
 Are Injuries and measurements consistent?

« Conduct two more tests at bookend severities



!' USA & Japan Collaboration

« Best injury predictor
 USA - IV-NICrot
e Japan - Strain & Strain Rate

« Common ground:
 Found good correlation between the two



AN Y

@4 USA & Japan Collaboration

» Potential “global” injury criteria
« USA: IV-NICrot = NDCrot, NDCx, NIC
« Japan: IV-NICrot = NIC, UNFx, UNMy, LNFx, LNMy

« Common ground:
» NIC

« USA: UNFx, UNMy, LNFx, LNMy, Nkm
« Mild correlations

* Inverse Dynamics still an issue after HR contact
« Use direct correlation of BioRID measures??

« Japan: NDCrot? NDCXx?



Questions??



Questions??

Head-to-T1 Rotation Angle
202 Pulse

1) Countermeasure for
flexion in rear impact??

Angle (deg)

2) Biofidelity and R&R
of flexion bumpers?

-RID3D
*BioRIDII
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