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..
B d Rear Impact Research Objectives

» Evaluate biofidelity of available RIDs (BioRID, RID3D, Hylll)
» Choose biofidelity test condition
» Develop experimental seat for rear impact sled testing

» Conduct sled tests
» PMHS (Post-Mortem Human Subjects)
« Dummies (BioRID II, RID3D, Hybrid I1I)

» Assess biofidelity and repeatability of dummies

 |nvestigate the mechanism of injury
» Develop and validate 3-D cervical spine kinematic instrumentation
o ldentify injurious kinematics

» Choose appropriate injury criterion
» Assess efficacy of various ICs



Rear Impact Injury Mechanism
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Documentation of Injurie

#1

#2

#3

#4

#5

#6

#7 #8

No injury

No injury

No injury

No injury

Subluxation bilateral@ FJ
(AIS3)

No injury

No injury No injury

No injury

No injury

Subluxation bilateral@
FJ (AIS3)

No injury

Subluxation bilateral@ FJ
(AIS3) and ligametum
flavum (AIS1)

No injury

No injury No injury

No injury

No injury

Subluxation bilateral@
FJ (AIS3)

Subluxation bilateral@
FJ (AIS3)

Subluxation bilateral@ FJ)
(AIS3)

No injury

Subluxation bilateral@ FJ
(AIS3) and ligametum
flavum/interspinous

lig(AIS1)

No injury

No injury

No injury

No injury

Subluxation bilateral@
FJ (AIS3) and ligametum
flavum/interspinous
lig(AIS1)

Subluxation bilateral@ FJ
(AIS3) and ligametum
flavum/interspinous

lig(AIS1)

Facet joint capsule tear
on right side/
degeneration disc-mild
subluxation (AlS1)

No injury No injury

No injury

No injury

No injury

No injury

No injury

Anterior longitudinal lig.
tear (posterior intact), FJ
capsule tear on both
sides, ligamentum
flavum tear on left side,
Disc rupture w fracture
(AIS3), Interspinous lig.
tear (AIS1)

Subluxation bilateral@
ligamentum flavum
(AIS1) & interspinous lig
(AIS1)

Subluxation @ Interspinous
lig (AIS1)

No injury

Seperation of
degenerative disc

No injury

No injury

Anterior longitudinal lig
tear (posterior intact), degenerative disc,
A ERTDVEHLNNT N ligamentum flavum tear
TN T I I IEETNEN)] - @ right side close to
L EWDT) REET MDA [VGAYA  spinous process, facet
ruptured (AlS3), joint capsule tear on the
Interspinous lig tear (AIS1) right side (AIS1)

Seperation of

No injury No injury
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Step 1

Linear/angular acceleration,
velocity, and displacement

Step 2

Best injury
predictors

Current/potential injury
criteria




Intervertebral kinematics

Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

Injuries @ intervertebral levels

C2/C3 - C6/C7: 5 levels

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

e n=50

Injury Risk Curves

¢ PMHS Data
CT Method

- Binary Risk Function

wws \Weibull-Survival

10
Rotation [deg]



Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

Goodman-Kruskal
Gamma

Intervertebral kinematics Pseudo R? Nagelkerke R? | Log-Likelihood

Acceleration x

Acceleration z

Velocity x

Velocity z

Angular velocity y

Displacement x

Displacement z

(+) : 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




Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

Goodman-Kruskal
Gamma

Intervertebral kinematics Pseudo R? Nagelkerke R? | Log-Likelihood

Acceleration x

Acceleration z

Velocity x

Velocity z

Angular velocity y

Displacement x

Displacement z

Facet JT Slide
Facet JT Slide Rate
Facet JT Axial
Facet JT Axial Rate [J\YEx¢

(+) : 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




Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

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

Rotationy  Max 0.72 : -8.236 0.000 0.96

ATIUER e 0.30 . -20.696  0.000 0.83
velocity y

gﬁgim Max  0.38 | 118.5276  0.000 0.77

(+) : 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




Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

¢ PMHS Data
CT Method
~—Binary Risk Function

u
e 9o
0 O =

e\ @ibull-Survival

Facet Slide

bability of AIS 2 1 Injury
e o @
(%)) (-] ~

¢ PMHS Data
CT Method
-~ Binary Risk Function
Weibull-Survival

500 1000 1500

Angular Velocity [deg/s] Displacement [mm)]

Intervertebral
Rotation

* Each intervertebral level may have

different threshold
« Normalization using physiological

+ PMHS Data range of motion
P * IV-NIC [Panjabi et al., 1999]

- Binary Risk Function
Weibull-Survival

10
Rotation [deg]
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Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

I\V-NICrot

(:)Uaun1i
IV - NIC, =—2umal
®

physiologaal, i
¢ PMHS Data
CT Method
~Binary Risk Function

. «—Weibull-Survival I\VV-NICrot Rate

Rotation [deg]

O,
E(IV . NICI): trauma, |
dt

C

physiological,i

IVV-NICrot Product

— 1) IV-NICrot Product (max-max)
CTMethod = Max(I'V-NICrot) x Max(IV-NICrot Rate)
ey s Funetion 2) IV-NICrot Product (max)

e \N ibu ll-Survival

1000 1500 = Max(IV-NICrot x IV-NICrot Rate)

Angular Velocity [deg/s]



Injury Analysis

Injury Risk Curves — Intervertebral Kinematics

¢ PMHS Data
CT Method
~—Binary Risk Function
e\ @ib ull-Survival |
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u
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Ono et al., 2009




Qualitative Correlation -

IV-NICrot and Injuries

IV-NICrot (Rotation)

PMHSO03
Low Moderate
-0.85 -0.79

PMHS04 |

Low Moderate |

-1.06** -0.87

PMHSO05
Low | Moderate
-1.84 -1.52

PMHS06 PMHS07 PMHS08
Low Moderate Low Moderate Low | Moderate
-0.40 -0.49 -0.90 -0.99 -0.34 -0.45

+0.26 +0.67

+0.17 +0.26

0.46 0.86

0.23 +0.41

+0.21 +0.30

+0.04 +0.19

-1.18 -1.07

-0.27 -0.41

-1.59 -1.54

-0.09 -0.07

-0.87 -1.00

-0.68 -0.90

+0.48 +1.05

-1.47 -1.87

+1.02** | +0.51

-1.17 -1.40

+0.05 +0.18

-1.37 -1.16

+0.54 +0.94

-0.13 -0.19

+0.15 +0.10

-1.48 -1.44

+0.19 +0.28

-0.54 -0.79

+0.01 +0.01

+0.00 +0.00

+0.00 +0.05

+0.39 +0.62

+0.05 +0.09

+0.05 +0.10

-0.56 -0.40

-0.96 -1.00

-1.08 -1.19

-0.09 -0.09

-0.85 -0.91

-0.69 -0.69

+0.27 +0.30

-0.33 -0.54

+0.00 +0.01

-1.15 -1.33

+0.01 +0.00

-0.84 -1.20

+0.36 +1.00

-0.16 -0.16

+0.00 0.00

-0.72 -0.73

+0.00 +0.50

-0.79 -1.05

Cc7/T1

+0.05 +0.68

-0.61

+0.19 +3.79

-0.73

+0.00 +0.00

-0.80 -0.68

+0.00 +1.93

+0.44 +0.20

-0.69 -0.56

+0.81 +0.90

+0.05 +0.47

-0.48 -0.32

+0.10 +0.96

+0.06 +1.69

-0.73 -0.76

+0.84 +1.86

+0.00 +0.35

-0.89 -1.16

0.05 1.54




Qualitative Correlation -

IV-NICrot and Injuries

Injury Documentation

PMHS03

PMHS04

PMHSO05 PMHSO06

PMHSO07

PMHS08

No injury

No injury

Subluxation bilateral@ FJ (AIS3) No injury

No injury

No injury

Subluxation bilateral@ FJ
(AIS3)

No injury

Subluxation bilateral@ FJ (AIS3)

and ligametum flavum No injury

No injury

No injury

Subluxation bilateral@ FJ
(AIS3)

Subluxation bilateral@ FJ
(AIS3)

Subluxation bilateral@ FJ (AIS3) No injury

Subluxation bilateral@ FJ
(AIS3) and ligametum
flavum/interspinous lig.

No injury

No injury

Subluxation bilateral@ FJ)
(AIS3) and ligametum
flavum/interspinous lig.

Subluxation bilateral@ FJ (AIS3)
and ligametum
flavum/interspinous lig.

Facet joint capsule tear on

right side/ degeneration disc-
mild subluxation

No injury

Anterior longitudinal lig.
tear (posterior intact), FJ
capsule tear on both sides,
ligamentum flavum tear on
left side, Disc injury w
ruptured (AIS3),
Interspinous lig. tear (AIS1)

Subluxation bilateral@
ligamentum flavum &
interspinous lig.

Subluxation @ Interspinous lig No injury

Seperation of degenerative
disc

No injury No injury

No injury

Anterior longitudinal lig. tear
(posterior intact), Severe
Subluxation @ FJ on both
sides, ligamentum flavum

tear, Disc injury w ruptured
(AIS3), Interspinous lig. tear
(AIS1)

No injury

No injury

Seperation of degenerative
disc, ligamentum flavum
tear @ right side close to

spinous process, facet joint
capsule tear on the right

side

No injury




Qualitative Correlation -

IV-NICrot and Injuries

IV-NICrot (Rotation)

PMHSO03
Low Moderate
-0.85 -0.79

PMHS04 |

Low Moderate |

-1.06** -0.87

PMHSO05
Low | Moderate
-1.84 -1.52

PMHS06 PMHS07 PMHS08
Low Moderate Low Moderate Low | Moderate
-0.40 -0.49 -0.90 -0.99 -0.34 -0.45

+0.26 +0.67

+0.17 +0.26

0.46 0.86

0.23 +0.41

+0.21 +0.30

+0.04 +0.19

-1.18 -1.07

-0.27 -0.41

-1.59 -1.54

-0.09 -0.07

-0.87 -1.00

-0.68 -0.90

+0.48 +1.05

-1.47 -1.87

+1.02** | +0.51

-1.17 -1.40

+0.05 +0.18

-1.37 -1.16

+0.54 +0.94

-0.13 -0.19

+0.15 +0.10

-1.48 -1.44

+0.19 +0.28

-0.54 -0.79

+0.01 +0.01

+0.00 +0.00

+0.00 +0.05

+0.39 +0.62

+0.05 +0.09

+0.05 +0.10

-0.56 -0.40

-0.96 -1.00

-1.08 -1.19

-0.09 -0.09

-0.85 -0.91

-0.69 -0.69

+0.27 +0.30

-0.33 -0.54

+0.00 +0.01

-1.15 -1.33

+0.01 +0.00

-0.84 -1.20

+0.36 +1.00

-0.16 -0.16

+0.00 0.00

-0.72 -0.73

+0.00 +0.50

-0.79 -1.05

Cc7/T1

+0.05 +0.68

-0.61

+0.19 +3.79

-0.73

+0.00 +0.00

-0.80 -0.68

+0.00 +1.93

+0.44 +0.20

-0.69 -0.56

+0.81 +0.90

+0.05 +0.47

-0.48 -0.32

+0.10 +0.96

+0.06 +1.69

-0.73 -0.76

+0.84 +1.86

+0.00 +0.35

-0.89 -1.16

0.05 1.54




Qualitative Correlation -

IV-NICrot and Injuries

Injury Documentation

PMHS03

PMHS04

PMHSO05 PMHSO06

PMHSO07

PMHS08

No injury

No injury

Subluxation bilateral@ FJ (AIS3) No injury

No injury

No injury

Subluxation bilateral@ FJ
(AIS3)

No injury

Subluxation bilateral@ FJ (AIS3)

and ligametum flavum No injury

No injury

No injury

Subluxation bilateral@ FJ
(AIS3)

Subluxation bilateral@ FJ
(AIS3)

Subluxation bilateral@ FJ (AIS3) No injury

Subluxation bilateral@ FJ
(AIS3) and ligametum
flavum/interspinous lig.

No injury

No injury

Subluxation bilateral@ FJ)
(AIS3) and ligametum
flavum/interspinous lig.

Subluxation bilateral@ FJ (AIS3)
and ligametum
flavum/interspinous lig.

Facet joint capsule tear on

right side/ degeneration disc-
mild subluxation

No injury

Anterior longitudinal lig.
tear (posterior intact), FJ
capsule tear on both sides,
ligamentum flavum tear on
left side, Disc injury w
ruptured (AIS3),
Interspinous lig. tear (AIS1)

Subluxation bilateral@
ligamentum flavum &
interspinous lig.

Subluxation @ Interspinous lig No injury

Seperation of degenerative
disc

No injury No injury

No injury

Anterior longitudinal lig. tear
(posterior intact), Severe
Subluxation @ FJ on both
sides, ligamentum flavum

tear, Disc injury w ruptured
(AIS3), Interspinous lig. tear
(AIS1)

No injury

No injury

Seperation of degenerative
disc, ligamentum flavum
tear @ right side close to

spinous process, facet joint
capsule tear on the right

side

No injury




Injury Analysis

Injury Risk Curves — IV-NIC parameters

Goodman-
Intervertebral kinematics Pseudo R? Nagelkerke R2 Log-Likelihood P-value
Kruskal Gamma

IV-NICs (sllde) 0.19 0.30 -23.912 0.001 0.58
IV-NICs rate Max 0.10 0.17 -26.555 0.013 0.44
IV-NICs product Max 0.16 0.25 -24.824 0.002 0.57

IV-NICa (axial) Max 0.01 0.02 -29.212 0.350 0.17
IV-NICa rate Max 0.004 0.007 -29.526 0.621 0.15
IV-NICa product

IVV-NICrot rate

IV-NICrot product
(max-max)

IV-NICrot product
(max) (')

2D Max Shear Strain JVEX

2D Max Principal Max
Strain

2D Shear Strain Rate [€3)]

2D Principal Starin )
Rate

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



Injury Analysis

Injury Risk Curves — IV-NIC parameters

OB 90—

| & PMHS Data [ # PMHS Data

robability of A15 = 1 Injury

¢ PMHS Data ) ] ) ‘ s 0. J ] CT Method

CT Method

“#=CT Method
) ) | —— Binary Risk Function || & na
~— Binary Risk Function . ‘ Weibull-Survival —Weibull-Survival

s W eibu ll-Survival y 4 e *e 0 Al red &
100 200 300 400 0 100 200 300 400 500

1 1.5 .
IV-NICrot IV-NICrot product IVNICrot Product

<IV-NICrot> <IV-NICrot product (max-max)> <IV-NICrot product (max)>
=Max(IV-NICrot) x Max(IV-NICrot Rate) Max(IV-NICrot x IV-NICrot Rate)

Probability of AIS 2 1 Injury

| = Binary Risk Function ||

« Each intervertebral level was normalized by physiological range of motions

* IV-NICrot products: also show correlation

* 50 % chance of AIS 1+ injuries
* IV-NICrot:1.12
* IV-NICrot product (max-max): 132.58
* |V-NICrot product (max): 72.00



Linear/angular acceleration,
velocity, and displacement

Best injury o
predictors ¢

Step 2

Current/potential injury
criteria




Current/Potential Injury i
Criteria

» Correlation between IV-NIC values and existing injury criteria

NDC, Nij

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

NIC=02xa_ +V,_ "

‘\/ I\/lylower (t)z + |\/leower (t)z

LNL —index(t) = c

moment

[V P (07 + FYiouer (0| | Figer (1)

_|_

C C

shear tension

Potential PMHS IARVs



xsurrent Injury Criteria & Potentigdiy
INn] Jury Predictors (statistical Method)

:mbm

- S —

Occipital Condyle (O PMHS02
« PMHSO03

PMHS04

PMHSO05

15t thoracic v’ebra (T1) PMHS06
PMHSO07

PMHSO08




sxaurrent Injury Criteria & PotentiZis

Injury Predlctors (tatistcal Method

wiital Condwie ‘

horacity@lebra (T1)

IV-NIC and IV-NIC product




Injury Analysis

IVV-NIC vs. Current/Potential Injury Criteria

1\VV-NICrot

R - value P - value

0.685

Nij

Nte

0.217

Ntf

0.671

Nce

0.051

Ncf

0.308

Nkm

Nae

0.28

Naf

0.568

Npe

0.152

Npf

0.454

LNL

0.297

NDC

IV-NICrot product (max-

IV-NICrot product (max)

R - value P - value

0.077
0.433
0.344
0.594
0.138
0.479




NDCr[deg]
- N w £
o O o o

o

Injury Analysis

IVV-NIC vs. Current/Potential Injury Criteria

y=21.20x+22.28

R*=0.65

1.5 2
IV-NICrot

2.5

y=0.17x+30.21

R*=0.58

100 150 200 250
IV-NICrot product (max)

300

NDCr[deg]
w =

y=0.15x+ 27.28
R?=0.66

50 100 150 200 250 300
IV-NICrot product (max-max)

50 % chance of AIS 1+ injuries for PMHS
IV-NICrot : 1.12
 NDCr : 46.04 deg
I\V-NICrot product (max-max): 132.58
 NDCr: 47.17 deg
I\V-NICrot product (max): 72.00
 NDCr: 42.45 deg




Nij

Nkm

NDC

Injury Analysis

IVV-NIC vs. Current/Potential Injury Criteria

1\VV-NICrot

R - value P - value

Nte

IV-NICrot product (max-

max
R - value

Ntf

Nce

Ncf

Nae

Naf

Npe

Npf

LNL

P - value

IV-NICrot product (max)

R - value P - value

0.271

o ooms
0.077
0.433
0.344
0.594
0.138

0.479
0.357




Injury Analysis

IV-NICrot vs. Upper/Lower Neck Loads

<Entire time histories>

IV-NICrot
R -value P-value
0.183 0.204
0.04 0.784
Upper 0.573 0
Neck 0.421 0.002
0.695 0
0.193 0.179
0.16 0.268
0.293 0.039
Lower 0.582 0
Neck 0.024 0.871

0.533




Injury Analysis

IV-NICrot vs. Upper/Lower Neck Loads

<Entire time histories> <Before head restraint contact>
IV-NICrot IV-NICrot
R -value P-value R -value P-value
0.183 0.204 0.756 0
0.04 0.784 0.35 0.013
Upper 0.573 0 0.592
Neck 0.421 0.002 0.698
0.695 0 0.726
0.193 0.179 0.626
0.16 0.268 0.217
0.293 0.039 0.718
Lower 0.582 0 0.778

Neck 0.024 0.871 0.636
0.704




Injury Analysis

IVV-NICrot vs. Loads based injury criteria

<Entire time histories> <Before head restraint contact>
IV-NICu IV-NICu
R-value P-value R-value P-value
Nte 0.217 0.129 Nte 0.711 0
Ntf 0.671 0 Ntf 0.686
Nce 0.051 Nce 0.684
Ncf 0.308 Ncf 0.3
Nae 0.28 Nae 0.144
Naf 0.568 Naf 0.8
Npe 0.152 Npe

Npf 0.454 Npf
LNL -~ LNL




“Nnjury Assessment Reference Valuesies
Biofidelic Rear Impact Dummy - BioRIDI|I

BioRIDII




PMHS

TwmwEET W
I Bestlnjurypredlctors
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"-

BioRIDII

Current/potentlal |njury
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Injury rlsk curves e Injury risk curves
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- X v Il

—

Scaling technique for
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ARV analysis

relation - 1V-NIC parameters (PMHS) and Current Injury Criteria
(BioRIDII)

- IV-NICrot IV-NICrot Product (max-max) | l1V-NICrot Product (max)

R-value P-value R-value P-value R-value P-value
0.463 0 0.422
0.463 0 0.422
0.463 0.422
0.463 0.422
0.463 0.422
0.463 0.422
0.463 0.422
-0.463 -0.422
-0.463 -0.422
-0.463 -0.422
0.463 0.422
0.463 0.422
0.463 0.422
-0.463 -0.422
-0.463 -0.422
-0.463 -0.422
-0.456 -0.422
0.463 0.422
0.463 0.422

(@)

IC 0.418
DCx 0.418
DCxRate 0.418
DCxProd 0.418
DCz 0.418
DCzRate 0.418
DCzProd 0.418
DCr -0.418
DCrRate -0.418
DCrProd -0.418
0.418
0.418
0.418
-0.418
-0.418
-0.418
-0.418
0.418
0.418

(@)

O O O O O O OO OO OO oo o o o o
O O O O OO OO0 OO oOoo oo o o
O O O O O O OO OO OO oo o o o o



ARV analysis

Mrelation - 1V-NIC parameters (PMHS) and Current Injury Criteria.

(BioRIDII)
- °00 3.3431 301.9
3 | ¥=0.0209x - 1.5522 X 450 Y= 5 X-=
RZ=(Q 171c § ANON R*=0.2147
925 —— 3.5
S y=0.0137x+ 0.1779 A —
2 24— RZ = 0.1745 z (Y _ Y)~
= 3 ) ]
2 13 R = — IR
B
g 1 25 E (YI -Y)
0.5 - B N
.
0 - 1 EI 2 *
100 105 = . B AR
£ 15 ‘ 125 130
=
oL
300 ———— 1
x y = 2.3959
£ 250 —R*=0
p « 0.5 -NICrot Product
.§ 200 ———— (Max)
= 150 - 0 -value P-value
3 100 0 10 20 30 40 50 60 70 0422 0
Z BioRID NIC
=
2 50 i/ i |
E 0 T T T T T 1

100 105 110 115 120 125 130
BioRIDII NDCx [mm]




ARV analysis

orrelation — Current Injury Criteria (PMHS) and Current Injury. .
Criteria (BioRIDII)

100

<
Q
o
<
n
L
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ARV analysis

PMHS vs. BioRIDII - Cervical kinematics (low speed)







ARV analysis

gorrelation - 1V-NIC parameters (PMHS) and Intervertebral kinematics.
(BioRIDII)
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ARV Analysis

Scaling method
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ARV Analysis

Scaling method — BioRIDII Injury Risk Curve
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ARV Analysis

Scaling method — BioRIDII Injury Risk Curve

BioRIDII/PMHS Injury Risk Curve for Intervertebral Rotation
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ARV Analysis

Scaling method — BioRIDII Injury Threshold

PMHS Regression model

50 % chance of AIS 1+ injuries
for BioRIDII
NDCr : 11.78 deg (flexion)
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ARV Analysis

Scaling method — BioRIDII Injury Threshold

PMHS Regression model

50 % chance of AIS 1+ injuries
for BioRIDII
NDCx : 144.66 mm

y=41.58x+ 75.31 |
R*=0.51
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NIC [mA2/sA2]

ARV Analysis

Scaling method — BioRIDII Injury Threshold

PMHS Regression model

50 % chance of AIS 1+ injuries
for BioRIDII
NIC : 61.27 m?/s?
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IARV Analysis

NDCr ARV In flexion??? FMVSS202a criteria 1s extension

Head-to-T1 Rotation
(Experimental Seat --> FMVSS202a)

“Hybridlll
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*BioRIDII
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IARV Analysis

NDCr ARV In flexion??? FMVSS202a criteria 1s extension

Head-to-T1 Rotation
(Chevy Cruze > FMVSS202a)

BioRID OEM Backset
HIIT OEM Backset
BioRID +40 Backset
HIII 40 Backset

Head-to-T1 Rotation
(Experimental Seat --> FMVSS202a)

Angle (deg)

[ Hybridlll
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Summary

* Best PMHS injury predictor

 |\VV-NICrot

* I\VV-NICrot product also showed correlation

« Rotation measures were found to be more correlated
than displacements/strains
 For these biofidelity test conditions in the experimental seat
« Measurement precision??



Summary

* Best PMHS injury predictor

 |\VV-NICrot

* I\VV-NICrot product also showed correlation

« Rotation measures were found to be more correlated
than displacements/strains
 For these biofidelity test conditions in the experimental seat
« Measurement precision??

 Potential “global” PMHS injury criteria

* NDCr, NDCX
 Rates and Products also
« NDCz and NIC also showed correlation
 UN/LN Fx & My may have potential



Summary

- BioRIDII IARV(S)

— PMHS to BioRIDII Correlation study (no success)

 PMHS IV-NICrot vs. BioRIDII global measures
— Only two data points

 PMHS IV-NICrot vs. BioRIDII intervertebral kinematics
— Poor correlation



Summary

- BioRIDII IARV(S)

— PMHS to BioRIDII Correlation study (no success)
 PMHS IV-NICrot vs. BioRIDII global measures
— Only two data points
 PMHS IV-NICrot vs. BioRIDII intervertebral kinematics
— Poor correlation

— PMHS to BioRIDII Scaling

* 50% chance of AIS1+ injuries for BioRIDII
— Intervertebral rotation : 6.3 deg
— NDCr : 11.8 deg
— NDCx: 145 mm
— NIC: 61.3 m?/s?



Limitations

» Experimental Seat

» 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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» 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



Limitations

» 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
e 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

 [ntervertebral displacements = double integration

» Measurement precision might affect correlations for 2-D strains,
strain rates and 1\VV-NIC axial/shear



Limitations

 [ntervertebral displacements = double integration

» Measurement precision might affect correlations for 2-D strains,
strain rates and 1\VV-NIC axial/shear

 PMHS subjected to both low-speed and mod-speed test

 Low-speed test does not compromise structural integrity or
Kinematics of the neck

 Validated In a separate study

 Peak value obtained from either test was used in analysis
« Doubly censored data (common for injury criteria analysis)



Limitations

» 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



 Best Injury predictor

 USA - IV-NICrot
e Japan - Strain & Strain Rate

« Common ground:
e Good correlation between the two



* Potential “global” injury criteria

« USA: IV-NICrot = NDCr, NDCx, NIC
« Japan: IV-NICrot - NIC, UNFx, UNMy, LNFx, LNMy

« Common ground:
* NIC
« USA: UNFx, UNMy, LNFx, LNMy correlation prior to HR contact
« Japan: NDCr?? NDCx??



- BioRIDII IARV(S)

— USA: PMHS to BioRIDII scaling
* Preliminary values:
— Intervertebral rotation : 6.3 deg
—NDCr: 11.8 deg
—NDCXx: 145 mm
* More testing to strengthen/verify

— Japan: Model IARV(s) applied directly to BioRIDI|



Future Work

o Strengthen and verify results using realistic seats

» Test PMHS and BioRIDII (paired tests)
» Production seats (or more realistic experimental seat)
» Measure HR loads - pressure mat? load cells?

» Potential Test Matrix
« 8 PMHS
e 2 production seats x 2 pulses x 2 SB angles
 Feedback or suggestions?

« Multiple BioRIDII data points for correlation



Questions?






Low Speed — Neck Intervertebral
Kinematics
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Moderate Speed — Neck Intervertebral
Kinematics
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Additional Injury Risk Curves

» [ntervertebral facet sliding rate (maximum peak)
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Additional Injury Risk Curves

» [ntervertebral facet axial rate (maximum peak)
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Additional Injury Risk Curves

» [ntervertebral acceleration (positive peak x)

¢ PMHS Data I
Binary Risk Function I
— Weibullsurvival__|

60 80

Acceleration [g]



Additional Injury Risk Curves

o [ntervertebral acceleration (negative peak Xx)
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Additional Injury Risk Curves

» [ntervertebral acceleration (maximum peak x)
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Additional Injury Risk Curves

» [ntervertebral acceleration (positive peak z)
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Additional Injury Risk Curves

» [ntervertebral acceleration (negative peak z)
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Additional Injury Risk Curves

o [ntervertebral acceleration (maximum peak z)
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Additional Injury Risk Curves

» [ntervertebral velocity (positive peak x)
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Additional Injury Risk Curves

» [ntervertebral velocity (negative peak x)
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Additional Injury Risk Curves

o [ntervertebral velocity (maximum peak Xx)
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Additional Injury Risk Curves

» [ntervertebral velocity (positive peak z)
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Additional Injury Risk Curves

» [ntervertebral velocity (negative peak z)
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Additional Injury Risk Curves

» [ntervertebral velocity (maximum peak z)
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Additional Injury Risk Curves

» [ntervertebral angular velocity (positive peak y)
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Additional Injury Risk Curves

» [ntervertebral angular velocity (negative peak y)
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Additional Injury Risk Curves

o [ntervertebral angular velocity (maximum peak V)
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e Detalled cervical model
e able to calculate strain and strain rate between vertebrae

Last_Run Time=

correlation between strain/strain rate and injuries at each level



e Detalled cervical model
e able to calculate strain and strain rate between vertebrae

Last_Run Time=

correlation between strain/strain rate and injuries at each level



Physiological Relative Rotation (Panjabi, 2005)

Physiological
Flexion(-)/Extension(+)

Max values
Flexion/Extension

C2/C3

Rotation [deg]

-5.4(2.3)/+3.6(1.8) -7.7/+5.4

-5.7(2.7)/+4.2(1.9) -8.4/+6.1

-10.3/+9.6

-7.6(2.7)/+6.7(2.9)

-7.7(4.5)/+6.5(3.5) -12.2/+10.0

C6/C7

9 physiologial

-8.0(1.6)/+7.1(2.2) -9.6/+9.3

-3.7(1.6)/+3.1(1.1) 5.3/+4.2



IVV-NIC Calculation

Physiological Relative Displacement (Pearson, 2004) e -
Physiolo_gical Phy_si_ological _0_ o_q | D\
Compression (y) Sliding (x) "

(mm) (mm)

Upper Facet

-0.40 2.40

Lower Facet

-0.20 1.60 X Ground

T

Figure 1. Schematic showing functional spinal unit with matio
| facet pomnts. The anterior aspect of the
ined by points B and C, and the caps

surfaces 2-
ments d by points A and D. Similar four poin finer

-1.00 2.80 he middle and po Th inate systar
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was fixed /e
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