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Impetus: The Question

CIRENF- excellent source: for detaiea
IRjuURy data

NASS welghted sample off real’Werld cases

Question: Hew derwe draw conclusiens
apeUL Injuries and safety using CIREN
data, knewing that it accuiately descliles
eallwerldiinjuries? For:

s Biomechanics Research
s Safety Regulation
s Automotive Industry:




NASS/CDS vs. CIREN

NASS/CDS CIREN

s NationallSample s Clinical Data

s Crash Data a Crash Data

s Entry Criteria: Tow-away = Entry Criteria: Level |
Crashes raumea Center

s 4000-5000 crashes/year s 300-400 crashes/year

s [Large contingent of . Minimum: MAISS
MAIS 1-2 IRjurEes s Detailed Injury Data

s Reliakler Sampling x Exhaustive Outcomes
Welghts

*CIREN inclusion criteria specify some exceptions to this rule.
s



NASS/CDS vs. CIREN

Why user NASS/CIDS?

a Allews National Estimates of Injuky.

x Injury data not always, complete or detailed (less
clinical data)

» [ets of data, sampling weights, Well' estanlished,
Seme Injury. data

Wiy use CIREN?

s Detailed Clinical Evaluatien ofif Injuries

m Casesireviewed by doctors, engineers, crash
InVestigators, etc.

x Not a populatien-based sample
n Difficult to extrapelate tor national outcome




Ohjectives

Quanily the similanty/difference: between
a given CIREN case (o1 a subset ofi CIREN
CaSes) andi the population: of NASS cases

IHypothetical guestions:

a Glven a sulset off NASS, cases of Interest:
IHeW, do we' Identify, CIREN"cases that “match Ii=?
What'is the best Wway ter make a comparisen?

What varables in NASS or CIREN are important in
describing the differences?




NASS/CDS vs. CIREN

- ® -o

Is CIREN a What is the Does CIREN
: contain
subset of nature and size Rt
NASS/CDS? of the overlap? e

NASS/CDS?




Main @uestion

Hew:similair are individual CIREN casesi e
the average NASS case?

By extension: hew: similairis a greup; of
CIREN cases) offinterest, 1o a population: of
NASS cases of Interest?




Generall Appreach

Compuite a similarty, score” between
CIREN cases and the average NASS, case

Tfhat Is, the k=dimensionall“distance”
PEetWeen the case types

s \Where k=number off Variables common
petween the data SeUrces




Methods —
Basics of Mahalanobhis Distance

A multivariate measure: of distance

It putstall varanbles i the same scale —
standardizes them

frakes Inter account the: correlation
petween the k varianles




Mahalanobis Distance

Based on PEWEEN| Varables
Diiferent patterns; can e identified and
analyzed.

Useiiuliway: of determining s//arty of an
UnknRoewn 10) & Known GREe.

Dififiers, firom distance 1 that It takes

INte account the correlations of the data set and
IS scale-Invariant, I.e. not dependent: on| the
scale off measurements

http://en.wikipedia.org/wiki/Mahalanobis_distance
I  RERREEEEEEEEEHHHHHHHHSSH-L



Example: Case Study: of
Height/AWeight of Twe Men

Maler #1::

s 6 IRAches; abeve average heignt
x 100 peunds alkeyve: average weight

Male #2
= 6/ IACHES alpye average heignt

s 100/ poeunds Pelew average Welght

By EUclidean [Distance; these cases are
equidistant frrem: the average (centroid)

By Mahalanebisk Distance, Male #2 Is
MUCH further frem the average




Previous; Example:

Euclidean _
55 A0 e Mahalanobis
® Male #1
b
=2
@ ®
= AVERAGE
lo
® Male #2

Height




Mahalanehis Distance anad: Similamty;
SCOKES

Mahalanoekis distance IS an effective
muluvarate measure: fior oW fialk PoIRtS
ane apant 1 k=space iR the: context: of the
correlations: between: them

S0, We! can use: Mahalanehis, distance as
eUIF SImIlarty’ Score




Methods: Data Gatherng — Common
Variables Between Datasets

retal Delta V.
Occupant Age
Weight (las)
IHelght (i)
MAXAIS

|SS

Medel year
Genader
Maximum Intrusion

# of
# of
7 Of

Lower Extr. Injuires
Jpper Extr. Injures

Head lRjuries

# of Chest Injuries




Methods: Our Sample
—> NASHS;

s AllENASS cases meeting following
cliterias
MAXAIS >= 3
2001 to 2005

s A sulbset of 1869 NASS cases (With
MAXAIS >= 3)

—— - CIREN

s AlllCIREN cases from 2001 to the
present (2819)




Methods — Dealing wiith
MISsingness

When there are large ameunts of
MISSINGRESS) that need terbe dealt Wit

Eor this study, We

Possibilities: @ simply/imputed
. column-wise
s |mpute withraverages averages

s EStimate covariance: structure with multiple

imputation metheds %
a Delete these ohsernvations b tas




Methods: NASS Welghts

Used NASS sampling Weight coefficient In
calculating welghted! average for NASS

CASES
Used 1inrweightingl ot “cevariance™ matiix

s |t's| as Iff each row was: repeated “k* tines
Where k= Is the NASS wWelght for that row.



NASS/CDS Is compoesed of lower

SeVverity cases
(Distribution: ef Cases by MAIS — NASS/CDS 2005 vs. CIREN)

B NASS/CDS (wgt'd)
OCIREN




% Cases

80%

70%

60% -

50% -

40% -

30% -

20% -

10% -

0% -

NASS/CDS ana CIREN roughly.

comparable for MAIS3+ Cases
(Distribution of MAIS3+ Cases— NASS/CDS 2005, vs. CIREN)

67%

0O CIREN

B NASS/CDS (wgt'd)
O NASS/CDS (unwgt'd)

56% 956%

2195 22% 237

Max AlIS

I

16% 16%

6% 5%

5



Welghtea NASS and CIRENI Means

\/ariable Weilghtead CIREN Means
NASS Mean

letal Delta V 37.5 4019
Age 38.0 36.7
Werght (119s) 167 160.5
IHelght: (i) 5.56 5.39
MAXAIS 3.7 3.39
ISS 23.6 21.6
Mertality, 0.24 0.15
Model Year 1994 1997
Viale 0.56 0.50




Normalized CIREN! to NASS Means

O normalized nass
means

B normalized ciren
means
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Results

Histogram of Mahalanobis Distances

0.4

Distance Distribution /]
IS reughly: the same. f

CIREN has a greater;
PrePEItIGNI O IS
cases clustered
AU the mean

0.3
|

Density
0.2

— NASS
— CIREN

distance: than NASS
dOes

“CIREN Is  more like
NASS than NASS?”

0.1

0.0
|

Distance



Principal Component 2

Potentiall outcomes of principal
components analysis

Principal Component 2

Principal Component 1 Principal Component 1




Principal Components Analysis

Principal Component Plot

There are
differences hetween
NASS and CIREN

BUit more iImportant
part Isi everiap,
they are largely
the same.

CIRENFCases are
diven|te; the rgiht
Py some low MAIS
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Component 1
These two components explain 38 .98 % of the point variability.




Principal Components Analysis

Principal Component Plot

Could sulset
CIRENFor NASS
10 minimize
Mahalanenis
distance
depending on
INtErest.

RIS IS shewn
ere in 2-d 1y
MIRIMIZING
variation in 15t 2
principal
components.
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Component 1
These two components explain 28 98 % of the point variability.




Distance Vvs. # Injuries

8 o

n o
: ;
: :

Q =

= S

G ©
£ 2
= G !

CG o

0/ 37776 9 12 o 2 4 6 8 10
Number of Chest Injuries
()

L O

%12 é

92 L

e a

92 Ao

O @]

S 6 S

= <

5 ©

s 3 Z

G
S =
0 3 6 9 12 0 10 20 30
Number of Upper Extremity Injuries Number of Lower Extremity Injuries



Distance vs. Crash and lnjury: Characterstics
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Distance vs. Model Year and Anthrepemetric Variables
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Caveats

Other regressions, could e perfernmed

Shape off data suggests: mayle they.
shiould e performed



Mahalanobis Distance

Distance vs. Age




Distance vs. Max AlS
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Results — Subset of CIREN cases
“EuUrthest™ firomi welghted average

NASS case

DeltaV Head Chest Up ex Low ex Age Weight Height Gender Max_int Max_AIS ISS Dead Model Year

130 1 4 1 5 643 201 22 1 148 5 43 1 1997
61 0 0 0 3 408 560 6 1 31 3 22 0 2000
41 1 0 0 2 535 220 525 1 180 2 9 0 1998
46 1 0 0 0 9 66 174 1 6 1 2 0 2000
100 0 4 1 22 193 143 568 1 /1 5 43 1 1997
36 0 0 0 0 13 24 157 0 13 1 1 0 2000
126 0 1 3 2 14 26 249 1 10 3 10 0 1999
35 0 0 0 0 02 13 19 1 31 1 1 0 2001
41 5 1 0 0 02 11 131 1 12 5 3 0 1993
b 4 1 1 0 01 11 18 1 50 5 57 0 1979



Conclusions

CIREN crashes are similar tor NASS) crashes
n E@r severe injuries (MAIS 3)

Valtianle approachito Improve understanding
and use off CIREN

Could refine method te be able torassign a NASS
similarity’ score te each CIREN crash

O NASS crashi similarity: o anthropomorphnic
similarity, score oI Injury. similanity, score

Geed method 1o guality, control data i CIREN
and NASS
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