
AN EVALUATION OF THE EFFECTIVENESS OF SIDE-DOOR 
BEAMS BASED ON ACCIDENT EXPOSURE 

F r e d  P r e s t o n  
Ray S h o r t r i d g e  

September 1973 
S p e c i a l  Report  f o r  

Motor Veh ic l e  Manufac tu re r s  Assn . ,  I n c .  
D e t r o i t ,  Michigan 48202 

P r e p a r e d  by : 

Highway S a f e t y  Research  I n s t i t u t e  
The U n i v e r s i t y  o f  Michigan 
Ann Arbor ,  Michigan 48105 





T E C H N I C A L .  R E P O R T  S T A N D A R D  T I T L E  P A G F  
-- i 

An Evaluation of the Effectiveness of Side- 
Door Beams Based on Accident Exposure 

1. Repor t  N o .  

UM-HSRI-SA-73-8 

2 .  Governmenf Access .on  N o .  

I 
I 

Highway Safety Research I n s t i t u t e  
Huron Parkway & Baxter Road 
Ann Arbor, Michigan 48105 

--7 3. R e c ~ p ~ e n t  s  C a t o i o g  N o  

Fred Preston and Ray Shortridge 

9. P e r l o r m ~ n ~  O r g o n t z o t ~ o n  Noma ond Address 

12. S p o n s o r ~ n ~  Agency  Nome ond Adorers  

4.  T ~ t l e  ond S u b t ~ t l e  

UM-HSRI-SA-73-8 
10. Work U n ~ t  N o  I 

1 

Motor Vehicle Manufacturers A s s n . ,  Inc. 
320 New Center Building 
Det ro i t ,  Michigan 48202 

5 .  Report  D a t e  I 

1 

1 1 .  Controct  or Gront N o .  

13. T y p e  o i  Repor(  ond P e r ~ c ~  Love1:d 7- ---I 1 speci ; i7ypor t  

14. Sponsoring Agency Code 

I 

15 .  Supplementary N o t e s  

The opinions,  f indings and conclusions expressed i n  t h i s  publ icat ion 
a re  those of the authors and not necessar i ly  those of the Motor 

m r s  Ass-. 

1 
T h i s  a r t i c l e  r epor t s  on an evaluation of the i n j u r y  reducing 

e f f e c t s  of side-guard door beams based on accident inves t iga t ion  
repor ts .  The evaluat ion considers two measures of e f fec t iveness :  
(1) the  mean i n j u r y  sever i ty  recorded f o r  the occupants, and (2)  
the degree of deformation i n  the door. In each case the analys is  
cont ro ls  on contr ibut ing f a c t o r s  such a s  occupant seat ing loca t ion ,  
r e s t r a i n t  use,  s i d e  of the car  damaged, and the  angle 
of the impact force .  In both cases ,  r e s u l t s  show tha t  i t  cannot 
be concluded t h a t  s ide  door beams produce an e f f e c t  on i n j u r i e s ,  
or  on door penetrat ion.  

s ide  guard door beam 
e f fec t iveness  
i n j u r y  reduction 

17 .  K e y  Words 

unlimited 

18.  D ~ s t r ~ b u t ~ o n  Statement 

I 

Form DOT F 1700.7 (8 -69)  

I i 

22. Price I 

6 

21. N o .  of  P o a e s  !?, c . -  ".." ,,,, . . r ~ - - -  !;! !k.: - tpev+'  i fl, ctc,2.,e., rll-s,l 1,l t h e .  ?age \  

None None 





TABLE OF CONTEKTS 

PAGE 

1, In t roduc t i on  

2 .  Summary 

3 .  Side-Impact and In ju ry  

3 . 1  Denver County Data 

3 . 2  CPIR Data 

3 . 3  Texas Data 

4 .  Side-Impact and Vehicle Deformation 

References 





1. In t roduc t ion  

Previous s t u d i e s  have indica  l e d  that. 1 1 1 ~ ~  sl (I(>- I ~ n l ) ; ~ c . l  c b i - ; ~ s l l  

i s  a  major i n ju ry  producing acc iden t  configulVatiol l  ( I ) .  T h i s  

f ind ing  has l ed  t o  s e r i o u s  e f f o r t s  over t h e  pa s t  s e v e r a l  years  t o  

improve the  design of passenger c a r s  so  a s  t o  help  a l l e v i a t e  t h i s  

problem ( 2 , 3 ) .  The p r i n c i p a l  approach adopted by the  automobile 

manufacturers has  been t o  i n s t a l l  s t e s l  beams i n  the door s t r u c t u r e s  

of the  veh i c l e  ( 4 , 5 ) .  The s t a t e d  purpose of these  beams is t o  

l i m i t  passenger compartment i n t r u s i o n  and t h u s  reduce occupant 

i n j u r i e s  ( 4 ) .  Although not e x p l i c i t l y  s t a t e d ,  the  reasoning behind 

t h i s  is  t h a t  anything t h a t  limits pene t r a t i on  i n t o  t he  passenger 

compartment, and the  a t t endant  reduct ion of compartment s i z e ,  

should decrease  t he  p r o b a b i l i t y  of occupant contact  w i t h  t he  

i n t e r i o r  of the  c a r ,  thus  l essen ing  the  chance of i n j u r y .  To be 

s u r e ,  i f  a  c a r  i s  h i t  on t he  s i d e  t h e r e  w i l l  be a  fo rce  tending t o  

p u s h  an occupant toward t h a t  s i d e  whether i t  is caved i n  o r  no t .  

Nonetheless,  the  l i m i t a t i o n  of passenger compartment pene t r a t i on  

can c e r t a i n l y  not i nc rea se  t he  p r o b a b i l i t y  of i n j u r y .  Another 

pos s ib l e  i n j u r y  reducing mechanism of s i d e  door beams (s ide-guards ,  

s ide-guard beams) is based on the  idea  t h a t  the  i q j u r i e s  t o  an 

occupant should be reduced i f  he is allowed t o  dece l e r a t e  over an 

extended per iod of t ime.  T h u s  a  two-car acc iden t  l i k e  a  s i de -  

swipe, i n  which t he  c a r s  g lance o f f  each o the r  and continue decel- 

e r a t i n g  t o  a  s a f e  s t o p ,  should r e s u l t  i n  fewer o r  l e s s  severe  

i n j u r i e s  than i f  forward ve loc i ty  i s  suddenly a r r e s t e d .  A device 

t h a t  would i nc rea se  t he  p r o b a b i l i t y  of a  g lancing blow should 

t he re fo re  tend t o  reduce i n j u r i e s ,  and i t  is  reasonable t o  consider  

t he  s i d e  door beam a s  such a  dev ice .  

The purpose of t h i s  r epo r t  is an assessment of t h e  e f f e c t  of 

side-door beams on t h e  i n ju ry  l e v e l  su s t a ined  by t h e  d r i v e r  and 

r i g h t  f r o n t  passenger of veh i c l e s  whose s i d e  doors have been 

s t r u c k .  T h e  d a t a  f o r  t h i s  i n v e s t i g a t i o n  stem from r e p o r t s  of auto- 

mobile acc iden t s .  Two approaches t o  t h i s  assessment have been 



adopted. F i r s t ,  t h e  i n j u r y  s e v e r i t y  l e v e l s  of occupants i n  c a r s  

equipped w i t h  s i d e  beams ; L ~ - c ~  c-ompalmed with those i n  c a r s  w i  t l l o u t  

s ide-door beams. Bec:nusc  Illelse may be some <,onfounding l a c l o r s  

such a s  s e a t i n g  l o c a t i o n ,  and r e s t r a i n t  u se ,  the  a n a l y s i s  e x p l i c i t l y  

c o n t r o l s  on these  f a c t o r s .  Second, a  comparison i s  made between 

veh ic l e s  w i t h  s ide-guards and those  without side-guard beams re -  

garding the  e x t e n t  t o  which t he  s t r i k i n g  veh i c l e  p e n e t r a t e s  t h e  

passenger compartment of the  s t r u c k  c a r .  T h i s  a n a l y s i s  a l s o  

imposes c o n t r o l s  upon r e l evan t  f a c t o r s  such a s  angle  of con tac t .  

Three l a r g e  acc iden t  da t a  f i l e s  provide t h e  information used 

i n  the  f i rs t  a n a l y s i s .  F i r s t ,  t he  a n a l y s i s  draws upon the  compre- 

hensive da t a  s e t  f o r  Denver County, Colorado, f o r  t he  1972 calendar  

year .  Th is  f i l e  c o n s i s t s  of po l i ce  acc iden t  r e p o r t s .  Second t h e  

C o l l i s i o n  Performance and In jury  Report,  Revision 3 ,  occupant f i l e  

i s  used.  T h i s  f i l e  con ta ins  Mult i -Discipl inary  Accident Inves t i -  

ga t i on  r e p o r t s  submitted by s e v e r a l  teams ac ros s  t h e  country .  

Th i rd ,  t he  a n a l y s i s  uses  a 5% random sample of acc iden t s  occurr ing 

i n  t h e  s t a t e  of Texas f o r  t he  1972 calendar  year .  The i n f o r -  

mation i s  der ived from po l i ce  accident  i n v e s t i g a t i o n s .  Because 

none of t he se  da t a  s e t s  comprise a  sample of t he  t o t a l  na t i ona l  

acc iden t  popula t ion ,  each of them is analyzed i n  t u r n .  That is ,  

t h e  r epo r t  c o n s i s t s  of p a r a l l e l  ana lyses  of t h r e e  d i s c r e t e  bodies 

of d a t a .  Presumably, i f  s ide-guard beams e x e r c i s e  an important 

i n j u r y  reduc t ion  e f f e c t ,  a  s i m i l a r  p a t t e r n  would emerge i n  each 

of t he se  t h r e e  da t a  f i l e s .  The second a n a l y s i s ,  of door pene- 

t r a t i o n ,  uses  only t h e  CPIR f i l e  because i t  i s  t h e  only one 

con ta in ing  s u f f i c i e n t  informat ion f o r  a  sys temat ic  a n a l y s i s .  



2 .  Summary 

Although each ana lys i s  is discussed thoroughly i n  the  body 

of the  r e p o r t ,  a  b r i e f  summary of the  methods and r e s u l t s  is  

presented here .  

The f i r s t  a n a l y s i s  a t tempts  t o  determine i f  t he re  is a  

d i r e c t  r e l a t i o n s h i p  between s i d e  beams and occupant i n j u r i e s .  

Three da ta  f i l e s  a r e  consul ted:  Denver County 1972 acc iden ts ,  

a  5% sample of Texas 1972 qccidents ,  and the  Co l l i s i on  Performance 

and Injury  Report (CPIR) f i l e  co l l ec t ed  by var ious  i nves t i ga t i on  

teams around the  country. For each f i l e ,  a  determination is  

made of what complicating f a c t o r s  would confound the  a n a l y s i s ,  

and appropr ia te  methods of con t ro l l i ng  such f a c t o r s  a r e  appl ied.  

In t he  case of the  Denver da t a ,  both sea ted  pos i t i on  and 

s i d e  of impact have an e f f e c t  on i n j u r i e s  and t h u s  t he  comparisons 

of t he  d i s t r i b u t i o n s  of i n j u r i e s  between occupants of s i d e  beam 

and non-side beam c a r s  i s  made while holding the  values  of these  

o the r  two f a c t o r s  cons tan t .  In no case can i t  be s t a t e d  t h a t  the  

d i s t r i b u t i o n s  a r e  d i f f e r e n t ,  and t h u s  we conclude t h a t  the  Denver 

f i l e  does not show any s i d e  beam e f f e c t  on i n j u r i e s .  

For the CPIR f i l e  a n a l y s i s ,  sea ted  loca t ion  and s i d e  of impact 

a r e  again considered a s  complicating f a c t o r s ,  b u t  i n  add i t  ion 

r e s t r a i n t  use and model year of the  ca r  a r e  a l s o  con t ro l l ed .  The 

prime method of a n a l y s i s  used on t h i s  f i l e  is  regress ion  using 

ca t ego r i ca l  v a r i a b l e s .  The r e s u l t s  a r e  s i m i l a r  t o  the  Denver 

r e s u l t s  - t he re  i s  no cons i s t en t ly  s i g n i f i c a n t  s i d e  beam e f f e c t  

over and above the  e f f e c t s  of the  o ther  va r i ab l e s .  

F i n a l l y ,  the  Texas f i l e  is  consui ted,  and here the complicating 

f a c t o r s  a r e  model year of c a r ,  restraint use ,  and sea ted  l oca t i on .  

A s  w i t h  the  CPIR da t a ,  r egress ion  is  the  main method of ana lys i s .  

The r e s u l t s  a r e  a l s o  s imi lar- - the  Texas data  do n o t  support the  

contention t h a t  s i d e  beams exe rc i s e  an important i n ju ry  reducing 

e f f e c t  . 



T h e  f i n a l  p a r t  of tllc s tudy eva lua t e s  t h e  pl-esence 01 a s i d e  

beam e f f e c t  on i n j u r i e s  i n d i r e c t l y ,  by consider ing the  amount of 

crush sus ta ined  by the  s i d e  door of a  ca r  a s  t h e  measure of e f f e c t -  

iveness .  The CPIR f i l e  is used a s  the  source  of d a t a ,  and the  

c o n t r o l  v a r i a b l e  is the  angle of impact on t h e  door. Comparisons 

of t h e  d i s t r i b u t i o n s  of s i d e  door crush between s i d e  beam and 

non-side beam c a r s  r evea l  t h a t  a t  a l l  angles  of impact t h e r e  is  

no d i f f e r ence  i n  t h e  amounts of  crush sus t a ined .  T h i s  tends  t o  

confirm the  f i nd ings  of p a r t  one. Therefore we m u s t  conclude t h a t  

t h e r e  i s  no s i g n i f i c a n t  s i d e  beam e f f e c t  on occupant i n j u r i e s  o r  

on t he  amount of crush t o  t he  s i d e  doors.  



3 .  Side-Impact and Injury  

3 . 1  Denver County Data 

3 . 1 . 1  Frequency nnci Sever i ty  01' Sidc-1ml)nc:i i l c , c n i  t t c ~ ~ t  s 

The f i r s t  p a r t  of t he  i n v e s t i g a t i o n  draws upon the  compre- 

hensive accident  da t a  f i l e  f o r  Denver County, Colorado, f o r  1972. 

T h i s  f i l e  con ta ins  information denoting t h e  region of t he  occu- 

p a n t ' s  veh i c l e  which was damaged i n  t he  acc iden t .  However, because 

t he  da t a  do not e x p l i c i t l y  i n d i c a t e  t h e  region a c t u a l l y  contacted 

by t h e  s t r i k i n g  veh i c l e ,  i t  i s  not pos s ib l e  w i t h  t h i s  d a t a  s e t  t o  

analyze  only those ca se s  i n  which t h e  s t r i k i n g  veh i c l e  contacted 

t h e  door of t he  o the r  c a r .  Yet ,  by r e s t r i c t i n g  the  a n a l y s i s  only 

t o  those  acc iden t s  w i t h  broadside and sideswipe con f igu ra t i ons ,  

one does ob t a in  a  s e t  of cases  which more c l o s e l y  approximate t he  

des i r ed  door-contact popula t ion .  The subsequent ana lyses  per-  

formed on t h e  Denver d a t a  employ t h i s  s e t  of cases  (n=7615). Table 

1 conta ins  the  frequency and propor t ion  w i t h  which veh i c l e s  involved 

i n  sideswipe and broadside con f igu ra t i ons  s u s t a i n  damage t o  

t h e  f r o n t  doors .  The t h i r d  column shows the  percentage of such 

v e h i c l e s  i n  t h e  t o t a l  accident  popula t ion contained i n  t h e  Denver 

1972 f i l e  (n=33,166).  

Table 1 

Frequency and Percent  of Passenger Cars 
Sus ta in ing  Front Door Damage i n  Broadside 

and Sideswipe Configurat ions ,  Denver 

% of Broad- % of Tota l  
s i d e  & Side- Number 

Denver 1970 Frequency swipe Cases Accidents 

Lef t  f r o n t  door 1848 22.6 5.6 

Right f r o n t  door 196 6  24 .1  5 . 9  

Tot a 1  3  8  14 46.7 11.5  



The t a b l e  r evea l s  t h a t  a f ron t  door is damaged i n  a  s i zeab l e  

propor t ion (11.5%) of the  automobile acc iden ts  recorded i n  the  

Denver f i l e  and t h a t  t he re  is  not much d i f f e r ence  between the  

incidence of r i gh t - f ron t  door and l e f  t - f ron t  door damage (5.974 

t o  5.6%). A s  one would expec t ,  f ron t  doors a r e  very l i k e l y  t o  

be damaged i n  sideswipe o r  broadside conf igura t ions  (46.7%).  

The Denver 1972 da ta  suppor ts  the  view t h a t  d i r e c t  impact w i t h  

t he  passenger compartment comprises a f requent ly  encountered 

c o l l i s i o n  conf igurat ion.  
The Denver f i l e  was a l s o  used t o  a s se s s  the  r e l a t i v e  

s e v e r i t y  of i n j u r y  produced by side-impact w i t h  t he  passenger 

compartment. The f i l e  records the  s e v e r i t y  l e v e l s  f o r  d r i v e r s  

and r i g h t  f ron t  passengers who received an i n j u r y  on a  four value 

s c a l e  (pain--but no v i s i b l e  i n j u r y ,  minor v i s i b l e  i n ju ry ,  c a r r i e d  

from the  scene,  and f a t a l ) .  Table 2 presen ts  the  d i s t r i b u t i o n  of 

i n j u r i e s  across  t h i s  s c a l e  f o r  those passengers involved i n  s ide -  

swipe o r  broadside acc iden ts  i n  which t he  door sus ta ined  damage. 

For comparison purposes, the  t a b l e  p resen ts  the  i n j u r y  s eve r i t y  

d i s t r i b u t i o n  f o r  a l l  i n ju red  d r i v e r s  and r igh t - f ron t  passengers 

i n  t he  f i l e .  

The t abu la t i ons  i nd i ca t e  t h a t  a  l a r g e r  propor t ion of t he in ju red  

d r i v e r s  involved i n  a  broadside o r  sideswipe accident  i n  which a  

door is repor tedly  damaged s u s t a i n  severe i n j u r i e s  ( " f a t a l M  o r  

"car r ied  from the  scene") than the  d r iv ing  populat ion repor tedly  

involved i n  Denver acc iden ts .  The data  i nd i ca t e  a  s i m i l a r  in ju ry  

s eve r i t y  p a t t e r n  f o r  r i gh t - f ron t  passengers--more of them 

repor tedly  s u s t a i n  f a t a l  o r  carried-away i n j u r i e s  i n  side-impact 

conf igura t ions  w i t h  door damage than t h a t  repor ted f o r  the  t o t a l  

r i gh t - f ron t  passenger popula t ion.  Consequently, the  Denver mass 

accident  f i l e  corroborates  the  suggestion t h a t  broadside o r  s ide-  

swipe acc iden ts  c o n s t i t u t e  an important injury-producing c l a s s  of 

c o l l i s i o n s  ( 1 ) .  



Tab le  2  

Recorded I n j u r y  Code f o r  I  u ju rcd  Or-cupa11Ls 
Invo lved  i n  Broads ide  o r  S ideswipe  

A c c i d e n t s  i n  V e h i c l e s  w i t h  Door Damage, Denver 

Minor C a r r i e d  
D r i v e r s  P a i n  - I n j u r y  from Scene F a t a l  - 

% of  d r i v e r s  w i t h  
P a i n  th rough  F a t a l  
I n j u r y  S e v e r i t y  Value 
(n=385) 40.8 3 4 . 8  24.2 0 .3  

Number of  Cases  157 13 4  93 1 

Right  F ron t  

% of  Right  f r o n t  
w i t h  I n j u r y  va lue s  
P a i n  th rough  F a t a l  
(n=132) 3 0 . 3  4 2 . 4  2 6 . 5  

Number of  Cases  40 5 6  35  1 

Recorded I n j u r y  Code f o r  A l l  I n j u r e d  Occupants ,  Denver 

D r i v e r  

% D r i v e r s  w i t h  I n j u r y  
Values  P a i n  th rough  
F a t a l  ( N 4 1 9 3 )  45 .6  3 7 . 6  1 6 . 3  

Number of Cases  1457 - 1199 519 

Right  F r o n t  

% Right  Front  Occupants  
w i t h  I n j u r y  S e v e r i t y  
Value P a i n  th rough  
F a t a l  (NJ.132)  4 2 . 8  3 3 . 0  2 3 . 3  

Number of  Cases  484 374 264 



3 . 1 . 2  Complicating Factors  

A number of f a c t o r s  o ther  than t he  presence o r  absence of 

side-guard beams conceivably could a f f ec t  the  i n j u r y  l e v e l  s u s -  

t a ined  by the  occupants.  In  assess ing  t h e  u t i l i t y  of side-guard 

beams, i t  is  necessary t o  con t ro l  f o r  these  o the r  f a c t o r s  i n  o rder  

t o  measure the  net e f f e c t  of the  side-guard on occupant i n j u r y .  

The f i r s t  f a c t o r  examined w i t h  t he  Denver da t a  i s  whether t h e  

s i d e  of impact a f f e c t s  the i n j u r y  p a t t e r n s  f o r  t he  occupants. 

The fol lowing t a b l e  p r e sen t s  the  incidence r a t e  f o r  an i n ju ry  

occurr ing t o  d r i v e r s  and r i gh t - f ron t  passengers according t o  the  

s i d e  which was damaged. 

Table 3 

Frequency of Side of Vehicle Damaged f o r  In jured 
Occupants i n  Broadside and Sideswipe 

Accidents,  Denver 

Drivers  

Lef t - f ron t  door damaged 

Right-front  door damaged 

% In jured  Occupants 
# - (Broadside/Sideswipe) 

2 08 54.0 

Right-Front Passengers 

Lef t - f ront  door damaged 55 

Right-front door damaged 77 

The f i gu re s  suggest  t h a t  the  incidence of i n j u r y  t o  r i gh t - f ron t  

passengers i s  a  funct ion of the  s i d e  of impact t o  a  s l i g h t l y  

g r e a t e r  degree than t h a t  f o r  d r i v e r s .  That is ,  58% of t he  i n ju red  

r i gh t - f ron t  passengers a r e  i n ju red  when t h e i r  ( r i g h t  f r o n t )  door 

i s  damaged compared w i t h  54% of i n ju red  d r i v e r s  when t h e i r  ( l e f t  

f r o n t )  door is  damaged. 

I t  should a l s o  be u se fu l  t o  know whether the  s i d e  of impact 

a f f e c t s  t h e  l e v e l  of i n ju ry  f o r  those occupants who were h u r t .  



Table 4  d i s p l a y s  t he  frequency of d r i v e r  i n j u r y  recorded f o r  t h e  

four  s e v e r i t y  l e v e l s  according t o  t h e  s i d e  of t h e  v e h i c l e  which 

was damaged. Again, t h e  c a se s  a r e  only f o r  b roads ide  and s i d e -  

swipe a c c i d e n t s .  

Table 4  

D i s t r i b u t i o n  of Dr iver  I n ju ry  by Door Damaged, Denver 

Car r i ed  
Lef t  Front Door Pain  Minor Away F a t a l  

N 94 69 45 0 

Right Front Door 

N 63 6 5  48 1 

The t a b u l a t i o n s  show t h a t  f o r  i n j u r e d  d r i v e r s  t h e  more s eve re  

i n j u r y  l e v e l s  of c a r r i e d  away and f a t a l  do not seem t o  be assoc-  

i a t e d  w i t h  t h e  s i d e  of t h e  v e h i c l e  which was damaged. 

Comparable t a b u l a t i o n s  of i n j u r y  l e v e l  f o r  t h e  i n j u r e d  r i g h t -  

f r o n t  passengers  a r e  p resen ted  i n  t h e  fo l lowing  t a b l e .  

Table 5  

D i s t r i b u t i o n  of Right-Front Passenger I n ju ry  
by Door Damaged, Denver 

Car r i ed  
Pain  Lef t  Door Damaged Minor Away F a t a l  

N 19 29 7 0 

% 34 .5  52.7 12.7 0 . 0  

Right Door Damaged 

N 2 1  27 28 1 

% 2 7 . 3  3 5 . 1  3 6 . 4  1 .3  

The evidence sugges t s  t h a t  i n j u r e d  r i g h t - f r o n t  passengers  i n  broad- 

s i d e  and s ideswipe  c o n f i g u r a t i o n s  a r e  more l i k e l y  t o  be c a r r i e d  

from the  scene o r  k i l l e d  when t h e i r  v e h i c l e ' s  r i g h t  f r o n t  door is  

damaged (37 -7%)  . 



Comparing Tables 4 and 5, i t  i s  evident  t h a t  r i gh t - f ron t  p a p  

sengers a r e ,  a s  a  group, more l i k e l y  t o  s u f f e r  death o r  i ~ ~ ~ j u r i c s  

requ i r ing  t h e i r  being ccnr icd from the  scene than a r c  drivt?lgs. 

Moreover, the  dependency 0 1 '  i n j u r i e s  of these  l e v e l s  01' s c v c r i t y  

( k i l l e d  o r  c a r r i e d  away) upon the  s i d e  of t he  veh ic le  damaged is  

g r e a t e r  f o r  r i g h t  f ron t  passengers than f o r  d r i v e r s  (25.0% d i f -  

ference versus 6.1%, r e s p e c t i v e l y ) .  However, both d r i v e r s  and 

r i gh t - f ron t  passengers a r e  s l i g h t l y  more l i k e l y  t o  s u s t a i n  such 

i n j u r i e s  when t h e i r  r i gh t - f ron t  door i s  damaged than when t h e  l e f t -  

f r o n t  door is damaged. Therefore,  both the  s i d e  of impact and 

the  sea ted  loca t ion  a r e  important f a c t o r s  t o  con t ro l  when assess ing  

t he  e f f e c t s  of s i d e  door beams on i n j u r i e s .  

3 . 1 . 3  Side-Guard Beams and Injury  Sever i ty  

Having e s t ab l i shed  two f a c t o r s  which inf luence i n j u r y  and 

the re fo re  should be con t ro l l ed ,  we t u r n  t o  an assessment of s ide-  

door beams. The procedure i s  t o  p a r t i t i o n  the  Denver cases  i n t o  

two groups:  those c a r s  without s i d e  beams, and those  c a r s  w i t h  

s i d e  beams. A comparison i s  then made of t he  percentage and 

d i s t r i b u t i o n  of i n j u r i e s  t o  each s e a t  pos i t i on  occurr ing i n  t he  

c a r s  of each group. Table 6 p r e sen t s  t h i s  comparison. 

Table 6 

D i s t r i bu t ion  of I n j u r i e s  t o  Occupants of Side Beam 
and Non-Side Beam Cars by Seated Pos i t i on  

(Denver 1972 Broadside and Sideswipes) 

No Side Beam 
Driver R t .  Front 

In jury  Level - N - % - N - % 
F a t a l  1 0.3 1 1.1 

Carr ied 79 24.9 28 3 0 . 1  

Minor 115 36.3 41 44.1 

Pain 122 38.5 23 24.7 

Tota l  317 100.0 93 100.0 

Side 
Driver 

N - - % 
0 0.0 

Be am 
R t .  Front 
N - - % 
0 0 .0  

7 17.9 

15 38.5 

17 43.6 

39 100.0 



A s t a t i s t i c a l  test  of  t h e  h y p o t h e s i s  t h a t  t h e  d i s t r i b ~ ~ i i o ~ i s  

of  i n j u r i e s  a r e  t h e  same between s i d e  beam and non-side beam cs;iimx 

r e v e a l s  t h a t  t h e r e  is  no r e a l  d i f f e r e n c e  i n  t h e  f r equency  of each  

t y p e  of i n j u r y  t o  o c c u p a n t s  i n  each  s e a t e d  p o s i t i o n .  

T a b l e s  7  and 8  i n t r o d u c e  t h e  second  f a c t o r ,  s i d e  of c a r  con- 

t a c t e d .  

T a b l e  7  

D i s t r i b u t i o n  of I n j u r i e s  t o  Occupants  o f  
Non-Side Beam Cars  by S e a t e d  Loca t ion  and 

S i d e  o f  Impact (Denver 1972 Broads ide  and S ideswipe )  

L e f t  Impact Right  Impact 
D r i v e r  R t .  F r o n t  D r i v e r  R t  . Fron t  

I n j u r y  Leve l  N - % - N - 2 - N - % - N - 70 
K i l l e d  0  0 . 0  0  0 . 0  1 0 . 7  1 1 . 9  

C a r r i e d  40 2 2 . 5  7  1 7 . 9  39  2 8 . 1  2 1  3 8 , 9  

Minor 59 3 3 . 1  2 1  5 3 . 8  56 40 .3  20 3 7 . 0  

P a i n  79  4 4 . 4  11 2 8 . 2  43 3 0 . 9  12 22 .2  

T o t a l  178 1 0 0 . 0  39 9 9 . 9  139 100 .0  54 100 .0  

Tab le  8 

D i s t r i b u t i o n  of I n j u r i e s  t o  Occupants  of  
S i d e  Beam Cases by S e a t e d  Loca t ion  

and S i d e  of  Impact (Denver 1972 Broads ide  and S ideswipe )  

L e f t  Impact Right  Impact 
D r i v e r  R t .  F ron t  D r i v e r  R t .  F ront  

I n j u r y  Leve l  - N % - N - - % - - 70 - - % N N 
K i l l e d  0  0 . 0  0  0 . 0  0  0 . 0  0  0 .0  

C a r r i e d  5 1 6 . 7  0  0,O 9  2 3 . 7  7 30 .4  

Minor 10  3 3 . 3  8  50.0 9  2 3 . 7  7  30 .4  

P a i n  1 5  50 .0  8  5 0 . 0  20 5 2 . 6  9  3 9 . 1  

T o t a l  30  100 .0  16 100 .0  38  1 0 0 . 0  23 99 .9  



Again, s t a t i s t i c a l  t e s t s  a r e  made of t he  hypotheses t ha t  t he re  a r e  

no d i f f e r ences  i n  the  d i s t r i b u t i o t ~ s  of i n j u r i e s  between s i d e  beam 

and no side-beam c a r s  i n  each of' the four  s i t u a t i o n s .  They show 

no s i g n i l i c a n t  d i f f e r ences .  Therefore the  Denver da ta  do not allow 

u s  t o  conclude t h a t  s i d e  beams have an e f f e c t  on i n j u r y .  



3 . 2  CPIR Data 

3 . 2 . 1  Frequency and Sever i ty  of Side-Impact Accidents 

More r e f i n e d  information regarding the  area  of the  veh ic le  

damaged, d e s c r i p t i o n s  of s a l i e n t  c h a r a c t e r i s t i c s  of the  acc iden t ,  

and s e v e r i t y  of i n ju ry  sus t a ined  by the  occupants is a v a i l a b l e  i n  

t he  Co l l i s i on  Performance and Injury  Report da t a  f i l e .  The CPIR 

d a t a  a r e  obtained from Mult i -Discipl inary  Accident Inves t i ga t i on  

r e p o r t s  obtained from government and indus t ry  sponsored i n v e s t i -  

g a t i o n  teams. However, t h e  CPIR f i l e  does not c o n s t i t u t e  a  ran- 

dom sample of t he  acc iden t  population--a primary b i a s  i n  t he  f i l e  

l i e s  i n  t he  over represen ta t ion  of acc iden t s  i n  which t h e  occupants 

su s t a ined  severe  o r  f a t a l  i n j u r i e s .  Yet i t  i s  bel ieved t h a t  the  

acc iden t  un iverse  of which t he  CPIR i s  a  u se fu l  sample is  q u i t e  

l a r g e .  

Throughout t h i s  s e c t i o n  only those  occupants who were d r ivers  

o r  r i g h t - f r o n t  passengers a r e  included i n  the  ana lyses .  Moreover, 

t o  avoid pos s ib l e  sampling problems introduced by c e r t a i n  case 

s e l e c t i o n  c r i t e r i a  employed by the  crash i n v e s t i g a t i o n  teams, 

only those  d r i v e r s  and r i g h t - f r o n t  passengers whose acc iden t s  were 

i nves t i ga t ed  i n  t he  1970-1973 per iod a r e  included i n  t he  ana lyses .  

The passenger comparl;ment a s  def ined f o r  t h i s  s tudy c o n s i s t s  of 

the  region from the  " A "  p i l l a r  t o  t he  "C" p i l l a r .  T h i s  d e f i n i t i o n  

does not allow one t o  d i f f e r e n t i a t e  between f ron t  and r e a r  door 

a r e a  impacts--an inheren t  de fec t  i n  t h e  cha rac t e r  of veh i c l e  defor-  

mation informat ion contained i n  t he  f i l e .  The damage r e s u l t e d  

d i r e c t l y  from c o l l i s i o n  contact  w i t h  e i t h e r  another  veh i c l e  o r  

w i t h  a  "pole".  ( 6 )  

Table 9 p r e sen t s  t he  number of d r i v e r s ,  r i g h t - f r o n t  passengers,  

and case  veh i c l e s  i n  the  f i l e  i n  which t he  passenger compartment 

of the  case veh i c l e  su s t a ined  d i r e c t  damage. The r e l a t i v e  f r e -  

quency f o r  r i g h t -  and l e f t - s i d e  d i r e c t  damage is  about the  same 

f o r  both s e a t i n g  l o c a t i o n s .  For d r i v e r s ,  50.8% of t h e i r  c a r s  

were s t r u c k  on the  r i gh t - s ide  a s  compared w i t h  54 .77  of t he  r i g h t -  

f r o n t  passengers .  



Table 9 

Number of Cases i n  Which the  Passenger Compartment 
Susta ined Di rec t  Damsge 

Right Front Case 
Drivers  Passengers Vehicles 

Right Side 

Left  Side 

Tota l  

The CPIR f i l e  records  t he  o v e r a l l  i n ju ry  s e v e r i t y  sus t a ined  

by t h e  occupants i n  terms of the  Abbreviated In jury  Scale  ( 9 ) .  

Eleven s e v e r i t y  va lues  comprise t he  s c a l e  (none, minor, non-danger- 

ous--moderate, non-dangerous--severe, dangerous--serious,  danger- 

o u s - - c r i t i c a l ,  f a t a l  l e s i o n s  i n  one reg ion ,  f a t a l  l e s i o n s  i n  one 

region and dangerous i n j u r i e s  i n  o the r  reg ions ,  f a t a l  l e s i o n s  i n  

two r eg ions ,  f a t a l  l e s i o n s  i n  t h r e e  o r  more reg ions ,  f a t a l  w i t h  

d e t a i l s  unknown.) Throughout t h i s  a n a l y s i s ,  t he  f i v e  va lues  

denoting f a t a l  a r e  co l lapsed  i n t o  one category.  Table 10 shows 

t h e  o v e r a l l  i n ju ry  s e v e r i t y  d i s t r i b u t i o n  f o r  t he  253 occupants of 

veh i c l e s  i ncu r r ing  d i r e c t  damage t o  t h e  passenger compartment, 

By way of comparison, t h e  same information f o r  t h e  o the r  d r i v e r s  

and r i g h t - f r o n t  passengers i n  t he  CPIR f i l e  whose acc iden t s  were 

i n v e s t i g a t e d  i n  t he  1970-1973 per iod  is a l s o  d i sp layed .  

Table 10 

Overal l  In ju ry  Sever i ty  f o r  CPIR Drivers  and 
Right-Front Occupants 

Side-Contact Cases 
0  - 1 - 2  - 3  - 4  - 5  - 6+ - MD - N - 

# 44 116 44 2 1 3  6  18 1 2 53 

Non-Side-Contact Cases 
0  - 1 - 2 - 3 - 4 - 5  - 6t - MD - N - 

# 838 1789 433 213 65 40 17 7 34 3589 



These da t a  i n d i c a t e  t h a t  occupants i n ju red  i n  a cc iden t s  i l l  wliicli 

the  passenger compartment of the veh i c l e  was contacted tended t o  

s u s t a i n  more severe  i n j u r i e s  than the  o the r  i n ju red  occupants con- 

t a ined  i n  t h e  f i l e ,  T h i s  observat ion i s  p a r t i c u l a r l y  no t iceab le  

i n  t h e  r e l a t i v e  p ropor t ion  of f a t a l i t i e s  where 7.1% of side-con- 

t a c t  occupants were k i l l e d  a s  compared w i t h  4.9% f o r  t h e  o the r  

occupants i n  t h e  f i l e .  The s ide-contac t  conf igura t ion  emerges a s  

an important producer of severe  i n j u r i e s  t o  t he  occupants i n  t h e  

CPIR da t a  s e t .  

3 . 2 . 2  Complicating Fac tors  

A number of f a c t o r s  conceivably could a f f e c t  t he  s e v e r i t y  of 

t he  i n j u r y  su s t a ined  by the  occupants i n  t h e i r  a cc iden t s .  In 

d r a ~ i n g  conclus ions  regarding t h e  e f f e c t  on i n ju ry  a t t r i b u t a b l e  

t o  the  presence of side-guard beams, i t  is d e s i r a b l e  t o  c o n t r o l  

on t he se  o the r  f a c t o r s .  T h i s  s e c t i o n  a s s e s s e s  t he  a s s o c i a t i o n  

between s i d e  of impact,  s e a t i n g  l o c a t i o n ,  and r e s t r a i n t  usage and 

in ju ry  s e v e r i t y  t o  see  whether t he se  f a c t o r s  m u s t  be con t ro l l ed  

i n  the  subsequent ana lyses  which measure the  e f f e c t  of s ide-guard 

beams on i n j u r y  s e v e r i t y .  

The f i r s t  f a c t o r  considered is  whether t he  s i d e  of impact 

a f f e c t s  the  i n j u r y  l e v e l  su s t a ined  by  t he  occupants.  In answering 

t h i s  ques t i on ,  t h e  occupants were divided i n t o  two groups--drivers 

and r i gh t - f ron t  passengers .  Table 11 pre sen t s  the  frequency and 

percent  of the  i n j u r y  s e v e r i t y  s c a l e  values  recorded f o r  d r i v e r s  

i n  s ide-contact  a cc iden t s  according t o  whether the  impact occurred 

on the  r i g h t  o r  l e f t  s i d e .  The t a b l e  i n d i c a t e s  t h a t  the  d r i v e r s  

tended t o  s u s t a i n  a  g r e a t e r  p ropor t ion  of f a t a l i t i e s  when t h e i r  

veh i c l e  was s t r u c k  on the  l e f t  s i d e  than when i t  was s t ruck  on the  

r i g h t .  The mean i n j u r y  s e v e r i t y  f o r  r i gh t - s ide  contact  i s  1 .40 

AIS u n i t s  a s  compared w i t h  t h e  mean of 1.87 AIS u n i t s  obtained w i t h  

left-side con tac t .  

Comparable i n ju ry  s e v e r i t y  da t a  f o r  t he  r i g h t - f r o n t  passengers 

a r e  contained i n  Table 1 2 .  



T a b l e  11 

AIS (0-6+) f o r  S i d e - C o n t a c t  D r i v e r s ,  
by S i d e  of Impact  

L e f t  9 45 18 10  0 3 8 0 93 

L e f t  9.7 48.4 19.4 10 .8  0 . 0  3 . 2  8 . 6  0 .0  

Mean Jn j l - r , r  L e v e l  

R i g h t  Impact  = 1 . 4 0  

L e f t  Impact  = 1.87 

Tab le  12 

AIS (0-6+) f o r  S i d e - C o n t a c t  R i g h t - F r o n t  P a s s e n g e r s ,  
by S i d e  of Impact  

L e f t  7  14 4 2 0 0 1 1 29 

0 - 1 - 2 - 3 - 4 - 5 - 6 +  - MD - 
% R i g h t  14.3  3 7 . 1  20 .0  8 . 6  5 . 7  0 . 0  14.3 0 .0  

L e f t  2 4 . 1  48 .3  1 3 . 8  6 .9  0 .0  0 . 0  3 . 4  3 . 4  

Mean I n j u r y  L e v e l  

R i g h t  Impact = 2 . 1 1  

L e f t  Impac t  = 1 . 2 1  



The r i g h t - f r o n t  passengers i n  the  CPIR f i l e  tended t o  s u s t a i n  

more severe  i n j u r i e s  when the  impact occurred on the  r i g h t  s i d e  

of t h e i r  veh i c l e  than when s t r u c k  on the  l e f t .  The mean i n j u r y  

s e v e r i t y  f o r  r i gh t - f ron t  occupants i n  veh i c l e s  s t r u c k  on the  

r i g h t  is  2 .11  AIS u n i t s  and 1 . 2 1  AIS u n i t s  when in veh ic l e s  

s t r u c k  on t h e  l e f t  s i d e .  Not s u r p r i s i n g l y ,  t he  f i nd ings  from 

t h i s  t a b l e  and Table 11 i n d i c a t e  t h a t  the  occupant t ends  t o  be 

i n ju red  more severe ly  when the  veh i c l e  i s  s t r u c k  on t h e  s i d e  on 

which he is  s e a t e d ,  than when i t  i s  s t r u c k  on the  opposi te  s i d e .  

Hence, s i d e  of impact m u s t  be con t ro l l ed  upon i n  t he  l a t e r  

ana lyses .  

The second f a c t o r  which could p o t e n t i a l l y  a f f e c t  t he  i n j u r y  

l e v e l  su s t a ined  by the  occupant t o  be considered is sea t i ng  

l o c a t i o n .  Table 13 p r e s e n t s  the  frequency and propor t ion  of i n ju ry  

s e v e r i t y  va lues  f o r  d r i v e r s  and r i gh t - f ron t  passengers .  

Table 13 

AIS (0-6+) f o r  Side Contact Cases f o r  Drivers  and 
Right Front Occupants 

Mean Injury  Level 

Right Front Passengers = 1.71 

Drivers  = 1.63 



The tab le  shows tha t  the CPIR occupants i n  the r ight - f ront  sea t  

generally tended t o  sus ta in  more severe in ju r i e s  than d i d  the d r ive r s .  

The mean injury sever i ty  leve l  for  r ight-front  passengers is 1 .71  

AIS u n i t s  a s  compared w i t h  the mean of 1.63 AIS u n i t s  found for  

d r ive r s .  T h i s  is i n  par t  due t o  the greater proportion of ser ious 

i n j u r i e s  sustained by r ight-front passengers when the i r  vehicle 

was s t ruck on tha t  s i d e  than tha t  sustained by dr ivers  when the i r  

vehicle  was struck on the l e f t  s ide .  However, the data does i n -  

d ica te  that  sea t ing  location should be control led when gauging the 

net e f f e c t  of s ide  guards on injury sever i ty .  

The f i n a l  mitigating fac to r  t o  be considered is  r e s t r a i n t  

system use. A number of s tudies  have shown tha t  r e s t r a i n t s  gen- 

e r a l l y  exercise  an i n j u r y  reducing e f f e c t  so t h i s  f ac to r  should 

be controlled (10) .  Tables 14  and 15 present the d i s t r ibu t ion  

of i n j u r y  severi ty  values fo r  dr ivers  and r ight-front  passengers, 

respect ively,  according t o  r e s t r a i n t  use and by the s ide  of the 

vehicle s t ruck i n  the crash.  An occupant was defined as  using 

a  r e s t r a i n t  i f  he wore e i t h e r  a  lap be l t  or a  torso  device. 

The tab les  suggest tha t  res t ra ined  occupants i n  the CPIR f i l e  

tended t o  sus ta in  proportionately fewer severe in ju r i e s  than un-  

res t ra ined  occupants. Drivers who wore a r e s t r a i n t  had a  mean 

injury leve l  of about 0.50 AIS u n i t s  lower than those without a  

r e s t r a i n t  regardless  of the s ide  of impact. The difference i n  mean 

injury sever i ty  d i f fered  according to  the s ide  of impact for  r igh t -  

f r o n t  passengers, but i n  e i t h e r  case,  the use of a  r e s t r a i n t  markedly 

reduced the mean injury sever i ty  l eve l .  Although the number of 

cases i n  which the occupant used a  r e s t r a i n t  is too small for  firm 

conclusions to  be drawn, the pa t te rns  which emerge indicate  tha t  

r e s t r a i n t  usage should be control led i n  the subsequent analyses.  

The evidence reveals  tha t  a  number of f ac to r s  a re  associated 

w i t h  injury sever i ty  i n  the side-contact accidents recorded i n  the 

CPIR f i l e .  Occupants tend t o  be more ser iously injured when the i r  

car  is s t ruck on the s ide  by which they a re  s i t t i n g .  In general ,  

r ight - f ront  passengers a re  more severely injured than a re  d r ive r s .  

Also, r e s t r a in ing  b e l t s  seem t o  reduce the incidence of ser ious 

injury to  occupants i n  e i t h e r  sea t ing  locat ion and w i t h  e i t h e r  l e f t -  

or r igh t -  impact. T h i s  complexity influences the research s t r a t egy  

fo r  assessing the e f f e c t  of side-guard beams. Drivers and r igh t -  



Table 14  

AIS (0-6+) for  Side-Contact Drivers Controll ing on 

Restraint  System Usage by  S i d e  of Impact 

Right Side Impact 

# - 0 - 1 - 2 - 3 - 4  - 5 - 6+ - MD - 
Rest.  5 8  1 0 0  0  0  0  

No Rest. 23 44 15 6 1 3  4  0 

% - 0 - 1 - 2 - 3 - 4  - 5 - 6 -t - MD - 
Rest.  35.7  57 .1  7 . 1  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  

No Rest,  24.0 4 5 . 8  15.6 6 .2  1 . 0  3 . 1  4 . 2  0 . 0  

Mean Injury Level 

Restraint  Used = 0 .71  

No Restraint  Used = 1 .20  

Lef t  Side Impact 

# - 0 - 1 - 2 - 3 - 4  - 5 - 6+ - MD - 
Rest. 4  10 5 1 0 0  1 0 

No Rest. 9 44 17 10  0  3  8  0 

% - 0 - 1 - 2 - 3 - 4  - 5 - 6+ - MD - 
Rest. 19.0  47.6 2 3 . 8  4 . 8  0 . 0  0 . 0  4 . 8  0 .0  

No Rest. 9 . 9  4 8 . 4  1 8 . 7  1 1 . 0  0 . 0  3 .3  8 . 8  0.0 

Mean Injury Level 

Restraint  Used = 1 , 3 8  

No Restraint  Used = 1 . 8 8  



Tab le  1 5  

AIS (0-6+) f o r  S ide-Contac t  Right -Front  P a s s e n g e r s  

C o n t r o l l i n g  on R e s t r a i n t  System Usage by 

S i d e  of Impact 

R igh t  S i d e  Impact 

# - 0  - 1 - 2  - 3  - 4  - 5 - 6 t  - hl D - 
Rest. 2  2  1 0  0  0  1 0  

No R e s t .  5 13 7  3 2  0  5  0  

% - 0  - 1 - 2  - 3  - 4  - 5 - 6+ - MD - 
Rest . 3 3 . 3  3 3 . 3  1 6 . 7  0 . 0  0 . 0  0 . 0  1 6 . 7  0 . 0  

No Rest. 1 4 . 3  3 7 . 1  20 .0  8 . 6  5 . 7  0 . 0  1 4 . 3  0 . 0  

Mean I n j u r y  Leve l  

R e s t r a i n t  Used = 1 . 6 7  

No R e s t r a i n t  Used = 2 . 1 1  

L e f t  S i d e  Impact 

# - 0  - 1 - 2  - 3 - 4  - 5 - 6 t  - MD - 
Rest . 3  2  0  0  0  0  0  0  

No Rest. 7 14  4 2 0  0  1 1 

% - 0  - 1 - 2  - 3 - 4  - 5 - 6 t  - MD - 
Rest. 60 .0  40 .0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

No Rest. 2 4 . 1  4 8 . 1  1 3 . 8  6 . 9  0 . 0  0 . 0  3 . 4  3 . 4  

Mean I n j u r y  Leve l  

R e s t r a i n t  Used = 0 . 4 0  

No R e s t r a i n t  Used = 1 , 2 1  



f r o n t  passengers must be t r ea ted  as  keparate groups because r i g h t -  

f ron t  passenger injury is on the whole more severe than tha t  s u s -  

tained by the d r ive r .  Moreover, the occupants should be fu r the r  

dis t inguished according t o  the s i d e  of impact because the injury 

l e v e l  increases when the occupant is s i t t i n g  on the s i d e  which 

is s t ruck .  F ina l ly ,  any e f f e c t  a t t r i b u t a b l e  t o  side-guards must 

be measured w i t h  s e a t  b e l t  usage cont ro l led .  

3 . 2 . 3  Side-Guard Beams and Injury Severity 

The f i r s t  examination of the e f f e c t  of side-guards upon in,jury 

sever i ty  e n t a i l s  comparing the overa l l  injury sever i ty  sustained 

by d r ive r s  of vehicles  equipped w i t h  side-guard beams w i t h  the over- 

a l l  injury sever i ty  recorded for  those d r ive r s  i n  vehicles  without 

side-guards.  T h i s  ana lys is  cont ro ls  on the side-of -impact f ac to r  

by including only those d r ive r s  whose car  was s t ruck on the l e f t  

s i d e .  Table 16 presents t h i s  information for  the d r ive r s  of 

1969-1973, 1970-1973, and 1971-1973 model vehic les .  For the 

d r ive r s  i n  the 1969-1973 and 1970-1973 s e t s  of model year c a r s ,  

the mean injury value fo r  those i n  vehicles  without s i d e  beams is 

grea ter  than those i n  vehicles  w i t h  them. For d r ive r s  i n  1971-1973 

model c a r s ,  there  is a  s l i g h t l y  higher mean i n j u r y  for  those i n  

ca r s  w i t h  s ide  guards than there  is f o r  those i n  ca r s  without beams. 

However, none of these d i f ferences  a t t a i n s  the 0 .05  l eve l  of s ig -  

nif icance.  One cannot, then, be confident tha t  the observed d i f -  

ferences i n  the mean injury sever i ty  fo r  d r ive r s  which is associated 

w i t h  the side-guard beam d i d  not occur by chance. 

Table 17 contains the comparable injury sever i ty  information 

f o r  r ight - f ront  passengers i n  ca r s  w i t h  and without side-guard 

beams. O n l y  those r ight - f ront  passengers whose vehicle  was s t ruck  

on the r i g h t  s i d e  a r e  included i n  the t a b l e .  Due t o  the l imited 

number of cases ,  these occupants a re  not fu r the r  divided i n t o  s e t s  

according t o  the model year of t h e i r  c a r .  The t ab le  indica tes  

t h a t  the  mean injury l e v e l  fo r  r ight - f ront  passengers i n  ca r s  w i t h -  

o u t  a side-guard is considerably greater  than t h a t  found f o r  those 

i n  ca r s  w i t h  the beams. However, the small number of cases ava i l -  

ab le  precludes a  firm conclusion being drawn. 



Tab le  1 6  

O v e r a l l  I n j u r y  S e v e r i t y  f o r  CPIR D r i v e r s  H i t  on L e f t  S i d e  

C o n t r o l l i n g  f o r  Side-Guard Beam 

1969-1973 Model Year V e h i c l e s  

# - 0  - 1 - 2  - 3  - 4  - 5  - 6+ - MD - N - 
Without  5 25 10 6  0  2  5  0  53 

With 3 1 5  6  4  0  1 2  0  76 

% - 0  - 1 - 2  - 3  - 4  - 5 - 6+ - MD - 
Without  9 . 4  4 7 . 2  1 8 . 9  1 1 . 3  0 . 0  3 . 8  9 . 4  0 . 0  

With 9 . 7  46.4 1 9 . 4  1 2 . 9  0 . 0  3 , 2  6 . 5  0 . 0  

Mean I n j u r y  (0-6+) 

Without Side-Guard = 1 . 9 4  

S i g n i f i c a n c e  

. 7 1  

With Side-Guard = 1 . 8 1  

1970-1973 Model Year V e h i c l e s  

# - 0 - 1 - 2  - 3  - 4  - 5 - 6+ - MD - N - 
Without 4  2 1  10 5  0  2  3  0  45  

With 3  1 5  6  4 0  1 2  0  3 1  

% - 0  - 1 - 2  - 3  - 4  - 5 - 6+ - MD - 
Without  8 . 9  46 .7  2 2 . 2  11.1 0 . 0  4 . 4  6 . 7  0 . 0  

With 9 . 7  4 8 . 4  1 9 . 4  1 2 . 9  0 . 0  3 . 2  6 . 5  0 . 0  

Mean I n j u r y  (0-6+) S i g n i f i c a n c e  

Without Side-Guard = 1 . 8 7  -87 

With Side-Guard = 1 . 8 1  

1971-1973 Model Year V e h i c l e s  

# - 0  - 1 - 2  - 3 - 4  - 5  - 6+ - MD - N - 
Without  3  12 6  3 0  2  3  0  29 

W i t h  0  5  3 3 0  1 1 0  1 3  

% - 0  - 1 - 2  - 3  - 4  - 5  - ,6+ - MD - 
Without 1 0 . 3  41 .4  2 0 . 7  1 0 . 3  0 . 0  6 . 9  1 0 . 3  0 . 0  

With 0 . 0  3 8 . 5  2 3 . 1  2 3 . 1  0 . 0  7 . 7  7 . 7  0 . 0  

Mean I n j u r y  (0-6+) 

Without Side-Guard = 2.10  

S i g n i f i c a n c e  

With Side-Guard = 2 .38  



Table 17 

Overall  Injury Sever i t . y  for  CPIR R i g h t  -Front Passengers 

H i t  on Right Side Control l ing for  Side-Guard Bea~n 

1969-1973 Model Year Cars 

# - 0  - 1 - 2 - 3 - 4 - 5 - 6+ - MD - N - 
Without 2 6  4 1 1 0  5 0 19 

W i t h  3 5 2 2 1 0  0  0 13 

Mean Injury (0-6+) 

Without Side-Guard = 2.68 

W i t h  Side-Guard = 1.46 

Signif icance 

-09 

However, analyzing the information contained i n  Tables 16 and 

17  may not produce the most useful  s t a t i s t i c s  for  summarizing the 

associa t ion  between the side-guard beam and injury s e v e r i t y .  The 

maximum number of cases ava i l ab le  for  the analys is  of the vulner- 

ab le  occupants (those whose vehicle  was s t ruck on the s i d e  on which 

they were s i t t i n g )  is 129 d r ive r s  and 32 r ight - f ront  passengers, 

Measures of s igni f icance  and associa t ion  lose t h e i r  capacity to  

discr iminate  when, a s  i n  t h i s  instance,  the cases a re  d i s t r ibu ted  

across  a  t a b l e  containing many c e l l s .  Clear ly ,  c u t t i n g  the data  

fu r the r  by s i d e  of impact or be l t  usage and analyzing i t  i n  tabu- 

l a r  form severly reduces the u t i l i t y  of the ana lys i s .  

Incorporating the range of f a c t o r s  necessary for  a  thorough 

assessment of the e f f e c t  of side-door beams on injury sever i ty  

necess i t a t e s  moving t o  mathematical models, These models allow 

fo r  s t a t i s t i c a l  cont ro ls  on the important var iables  ra ther  than 

the physical  cont ro ls  used i n  subse t t ing  the cases in to  tabular 

form. The analys is  does not s u f f e r  from the a t t r i t i o n  i n  the 

number of cases which occurs when physical  cont ro ls  a r e  imposed. 

That is ,  a l l  of the cases w i t h  re levant  information cont r ibute  t o  

the s t a t i s t i c s  summarizing the e f f e c t  of side-door beams which 

a r e  derived from the mathematical models. The conclusions drawn 

from the analys is  r e s t ,  then, on a  f a r  greater  sample s i z e  and 

hence comprise more r e l i a b l e  est imates  of the e f f e c t s  i n  which we 

a r e  in te res ted .  



Accordingly, t h i s  phase of the analys is  cons i s t s  of a  number 

of regression models which use the injury sever i ty  values recorded 

for  the occupants a s  the dependent va r i ab le ,  (7 )  The models a l s o  

include severa l  independent variables--the one of primary i n t e r e s t  

being a  dichotomous side-guard/no-side guard one. Other independent 

var iables  a r e  used t o  measure the e f f e c t s  of the addi t ional  f a c t o r s  

such as  s i d e  of impact or use of r e s t r a i n t  which seem to  influence 

the injury leve l  sustained by the occupant. Each occupant is 

assigned appropriate values for  the various independent var iables .  

For example, dr ivers  receive a  one and r ight - f ront  occupants a  zero 

f o r  the seated locat ion var iable ;  occupants whose vehicles  were 

s t ruck on the l e f t  receive a  zero and those whose ca r s  were s t ruck 

on the r i g h t  a  one fo r  the " r ight -s ide  impactw va r i ab le .  By i n -  
cluding these var iables  e x p l i c i t l y  i n  the model, t h e i r  e f f e c t s  on 

injury sever i ty  a re  measured a t  the same time tha t  the e f f e c t  

of the s i d e  guard-no s i d e  guard var iable  is gauged. Thus, the 

analys is  provides s t a t i s t i c s  summarizing the  net e f f e c t  of s ide-  

guard beams on occupant injury cont ro l l ing  for  the influence of the 

other independent var iables .  

The regression models produce two important measures regarding 

the r e l a t ionsh ip  between the independent var iables  and the depen- 

dent va r i ab le ,  F i r s t ,  the regression coe f f i c i en t  measures the 

funct ional  r e l a t ionsh ip  between an independent var iable  and the 

dependent va r i ab le ,  In t h i s  ana lys i s ,  the  regression coe f f i c i en t  

guages the amount of change i n  the injury sever i ty  recorded for  

the CPIR f i l e  occupants associated w i t h  f ac to r s  such a s  whether 

the person is d r i v i n g  or s i t t i n g  i n  the r ight - f ront  s e a t ,  or whether 

the vehicle is impacted from the l e f t  or r i g h t  s i d e ,  or whether 

the r e s t r a i n t  is used or not.  The c o e f f i c i e n t ,  moreover, is subject  

t o  a  s igni f icance  t e s t  which indica tes  the degree of confidence one 

can have t h a t  a  coe f f i c i en t  a s  la rge  a s  the one found for  the 

sample e x i s t s  i n  the la rger  (and i n  t h i s  instance w i t h  the CPIR 

f i l e ,  unknown) population. Second, the regress  ion models produce 

p a r t i a l  co r re la t ion  coe f f i c i en t s  which measure the predic t ive  
associa t ion  between each independent var iable  and the dependent 

va r i ab le ,  T h i s  s t a t i s t i c  indica tes  the capacity of the independent 

var iable  t o  predict  the va r i a t ion  i n  the dependent var iable .  



Both of these s t a t i s t i c s  provide valuable information for  assessing 

the e f f e c t  of side-guard beams on the l eve l  of injury sustained by 

the occupants. 

The analys is  begins w i t h  the  basic case of side-guard beam 

and injury sever i ty  and moves progressively t o  more complex models 

incorporating addi t ional  var iables  . F i r s t ,  the injury sever i ty  

var iable  is regressed on the dichotomous side-guard beam/no 

side-guard beam var i ab le .  If side-guard beams exercise  a  general 

e f f e c t  on the sever i ty  of i n j u r y  recorded fo r  the CPIR occupants, 

then the regression coe f f i c i en t  should a t t a i n  s t a t i s t i c a l  s i g n i f -  

icance.  That is,  the e f f e c t  observable i n  the sample should be 

s u f f i c i e n t l y  la rge  fo r  one t o  conclude tha t  i t  d i d  not occur by 

chance, but instead,  r e f l e c t s  an ac tua l  difference i n  the la rge  

accident population (of unknown dimensions) sampled by the CPIR 

f i l e .  Moreover, i f  side-guard beams exercise  an important e f f e c t  

on injury sever i ty  l e v e l s ,  then the co r re la t ion  coe f f i c i en t  between 

these two var iables  should r e f l e c t  t h a t  a  s i z a b l e  amount of 

variance i n  the occupant injury sever i ty  var iable  is explained by 

the side-guard va r i ab le .  

These regressions were conducted upon two s e t s  of cases ,  The 

f i r s t  cons i s t s  of a l l  d r ive r s  and r ight - f ront  passengers whose 

accidents  were invest igated i n  the 1970-1973 period; the second 

cons i s t s  of only those above d r ive r s  and r ight - f ront  passengers 

who were s i t t i n g  on the s i d e  of the vehicle  which received the 

d i r e c t  impact of the crash .  Table 18 contains the r e s u l t s  fo r  

the  whole population being considered and t ab le  19 contains the  

comparable r e s u l t s  for  the vulnerable sub-group. 

Table 18 
Regression Analysis of the Effect  of Side-Guard Beams 

on Occupant Injury Severi ty  -- A l l  Drivers 

and Right-Front Occupants 

Occupants w i t h :  

1969-1973 Model 

1970-1973 Model 

1971-1973 Model 

Regress ion 
Coeff ic ient  N 

S i g n i f -  P a r t i a l  
icance Correlat ion 



The t a b l e  shows t h a t  t h e r e  a r e  only  s l i g h t  d i f f e r e n c e s  i n  t he  

i n j u r y  s e v e r i t y  l e v e l s  recorded f o r  those occupants  i n  v e h i c l e s  

which had side-guard beams a s  compared w i t h  those  which d i d  not  

have them. For those  w i t h  1969 thlmough 1973 model ycajb c a l c s ,  Lhc 

presence  of s i d e  beams reduces  Ltic mean insjury s eve i7 i  t y  v a l u e  by 

about  0 .05 of an AIS u n i t .  For occupants  i n  1970 through 1973 

model c a r s ,  t h e  mean i n j u r y  l e v e l  f o r  people i n  v e h i c l e s  w i t h  s i d e -  

guards was 0 .17 i n j u r y  s e v e r i t y  u n i t s  g r e a t e r  than t h a t  f o r  t hose  

wi thout  s i d e  beams. The occupants  of 1971-1973 model year v e h i c l e s  

inc luded i n  t h e  f i l e  had a  mean i n j u r y  l e v e l  0 .10  u n i t s  g r e a t e r  i f  

t h e i r  c a r s  had side-guard beams than  i f  t h e i r  c a r s  d i d  n o t .  However, 

none of t h e s e  d i f f e r e n c e s  i n  t h e  mean i n j u r y  l e v e l  a s s o c i a t e d  w i t h  

t h e  presence  o r  absence of s i d e  beams a t t a i n e d  t he  conven t iona l  

0 . 0 5  l e v e l  of s i g n i f i c a n c e .  One canno t ,  t h e r e f o r e ,  be con f iden t  

t h a t  t h e s e  observed d i f f e r e n c e s  a r e  d i f f e r e n t  from z e r o .  Hence, 

one cannot  conclude from t h e s e  d a t a  t h a t  t h e r e  is a  measurable 

e f f e c t  due t o  s ide-guard  beams p r e sen t  i n  t h e  popu la t ion  of a c c i -  

den t s  sampled by t h e  CPIR f i l e .  Moreover, t h e  power of t h e  s i d e  

guard v a r i a b l e  t o  p r e d i c t  t h e  pe rson ' s  recorded i n j u r y  l e v e l  is 

q u i t e  low f o r  a l l  t h r e e  model year groups.  The c o r r e l a t i o n  

c o e f f i c i e n t s  assume t r i v i a l  va lue s  i n d i c a t i n g  t h a t  very l i t t l e  of 

t h e  v a r i a t i o n  i n  i n j u r y  s e v e r i t y  among a l l  of t h e  occupants  is 

exp la ined  by t h e  side-door beam v a r i a b l e .  

When t h i s  r e g r e s s i o n  model is app l i ed  t o  t h e  group of occu- 

pan t s  s i t t i n g  on t h e  s i d e  of t h e  c a r  t h a t  was s t r u c k  - t h e  

vu lne r ab l e  occupants  - s i m i l a r  f i n d i n g s  emerge. 
- 

Table 19 

Regression Ana lys i s  of t he  E f f e c t  of Side-Guard Beams 
on Occupant I n j u r y  S e v e r i t y  and S ide  of Impact -- 

Dr ive r s  H i t  on L e f t  S ide  and Right-Front 
Passengers  H i t  on Right  S ide  

Regress ion S i g n i f -  P a r t i a l  
Occupants W i t h :  C o e f f i c i e n t  N icance  C o r r e l a t i o n  

1969-1973 Models 
Side-Guard, Yes -0.43 116 .19 -. 123 

1970-1973 Models 
S  ide-Guar d ,  Yes -0.20 100 .52 -. 064 

1971-1973 Models 
Side-Guard, Yes 0 .01  5 6  ,98  

26 



The presence of s ide-guard beams is ~ s s o c i a t e d  w i t h  a  r educ t ion  i n  

t he  mean i n ju ry  l e v e l  of occupants  by 0 .43  AIS u n i t s  and 0 .20 AIS 

u n i t s  f o r  people i n  1969-1973 and 1970-1973 models, r e s p e c t i v e l y .  

For those  i n  t h e  1971-1973 model c a r s ,  t h e r e  is an inc rease  of 

0 . 0 1  AIS u n i t s  a s s o c i a t e d  w i t h  s ide-guards .  However, none of 

t he se  e f f e c t s  is s i g n i f i c a n t  t o  t h e  0 .05  l e v e l ,  The p a r t i a l  

c o r r e l a t i o n  c o e f f i c i e n t s  f u r t h e r  measure t he  low l e v e l  of a s soc i -  

a t ion- - the  amount of va r iance  expla ined by t h e  side-guard v a r i a b l e  

i n  the  vu lne r ab l e  popula t ion  where t he  s t r o n g e s t  c o r r e l a t i o n  is 

found ( t h e  1969-1973 model year s e t )  is only  1 .5%.  

However, t h e  g r e a t e r  i n j u r y  s e v e r i t y  s u s t a i n e d  on t he  average 

by r i g h t - f r o n t  passengers  when compared w i t h  d r i v e r s  observed i n  

Table 13 may mask t he  e f f e c t  of s ide-guard beams. Consequently, 

s t a t i s t i c a l  c o n t r o l s  were imposed upon t he  occupan t ' s  s e a t e d  posi-  

t i o n  i n  o rder  t o  o b t a i n  a  measure of t h e  ne t  e f f e c t  of s ide-guards 

on i n j u r y  s e v e r i t y .  Two d i f f e r e n t  techniques  were used t o  c o n t r o l  

on s e a t i n g  l o c a t i o n .  The f i r s t  approach e n t a i l e d  a s s ign ing  each 

occupant t o  a  group de s igna t i ng  whether he was a  d r i v e r  or  a  r i g h t -  

f r o n t  passenger .  This  dichotomous s e a t i n g  l o c a t i o n  v a r i a b l e  

( d r i ve r / r i gh t - f ron t )  was added t o  t he  r e g r e s s i o n  model which con- 

t a i ned  t he  side-guard/no side-guard v a r i a b l e .  These two indepen- 

den t  v a r i a b l e s  were used t o  p r e d i c t  t h e  occupant o v e r a l l  i n j u r y  

s e v e r i t y  v a r i a b l e .  The r eg re s s ion  c o e f f i c i e n t  and the  p a r t i a l  

c o r r e l a t i o n  c o e f f i c i e n t  produced by t he  r e g r e s s i o n  model f o r  t h e  

s i d e  door beam v a r i a b l e  provide measures f o r  t he  ne t  e f f e c t  of 

t h e  beam on i n j u r y  l e v e l  w i t h  t he  occupan t ' s  s e a t e d  l o c a t i o n  

c o n t r o l l e d .  Table 20 con t a in s  t h e  r e s u l t s  of t he  a n a l y s i s  f o r  a l l  

d r i v e r s  and r i g h t - f r o n t  passengers  and t a b l e  21 con t a in s  t he  f i nd -  

ings  f o r  t he  vu lnerab le  occupants .  



Table 20 

Regression Analysis  of t he  E f f ec t  of Side-Guard Beams 
on Occupant In jury  Sever i ty  Cont ro l l ing  

f o r  Seat ing Location -- A l l  Dr ivers  
and Right-Front Passengers 

Occupants W i t h :  

1969-1973 Models 
Side-Guard, Yes 
Driver 

1970-1973 Models 
S  ide-Guard, Yes 
Driver 

1971-1973 Models 
Side-Guard, Yes 
Driver 

Regress ion 
Coef f ic ien t  N 

S ignif  - 
icance 

P a r t i a l  
Cor re la t ion  

The r e s u l t s  of the  a n a l y s i s  i n  t a b l e  20 a l s o  i nd i ca t e  t h a t  

the  side-guard v a r i a b l e  has very l i t t l e  independent e f f e c t  on the  

l e v e l  of i n ju ry  recorded f o r  a l l  of the  occupants when s e a t i n g  

l oca t i on  is c o n t r o l l e d .  Both the  regress ion  c o e f f i c i e n t s  and 

p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  v i r t u a l l y  unchanged by the  

in t roduc t ion  of an e x p l i c i t  con t ro l  on occupant s e a t i n g  l oca t i on .  

(See t a b l e  1 8 ) .  The presence of s i d e  door beams reduces the  mean 

i n j u r y  l e v e l  f o r  the occupants of 1969 through 1973 model veh i c l e s  

by 0.06 AIS u n i t s .  The comparable e f f e c t  f o r  occupants of 1970- 

1973 and 1971-1973 model veh i c l e s  is t o  increase  the  i n ju ry  l e v e l  

by 0.17 and 0.10 of an i n ju ry  s e v e r i t y  s c a l e  u n i t ,  r e spec t ive ly .  

None of these  d i f f e r ences  i n  mean in ju ry  s e v e r i t y  a t t a i n s  the 0 .05 

l e v e l  of s i g n i f i c a n c e .  The t r i v i a l  magnitude of the  r e l a t i o n s h i p  

between the  side-guard v a r i a b l e  and the occupant ' s  recorded in ju ry  

s e v e r i t y  can a l s o  be seen i n  the  small  p a r t i a l  c o r r e l a t i o n  coef-  

f i c i e n t s  produced by the  model. The p a r t i a l  c o r r e l a t i o n s  f o r  a l l  

t h r e e  groups considered i n  the  a n a l y s i s  i nd i ca t e  t h a t  l e s s  than 

one percent  of t he  r e s i d u a l  var iance i n  the  o v e r a l l  i n ju ry  s e v e r i t y  

v a r i a b l e  is explained by t h e  side-guard beam v a r i a b l e .  

The fol lowing t a b l e  p resen ts  the  r e s u l t s  obtained from 

the  regress ion  a n a l y s i s  us ing only the  vulnerable  d r i v e r s  and 

r i g h t - f r o n t  passengers.  



Table 21 

Regression Analysis  of the  E f f e c ~ ;  of Side-Guard Beams 
on Occupant I n ju ry  Seve r i t y  Conxrol l ing  f o r  Sea t i ng  

Location and Side  of Impact -- Drivers  H i t  on 
Le f t  S ide  and Right-Front Passengers 

H i t  on Right Side  

Repress ion S ign i f  - P a r t i a l  
Occupants With: C o e f f i c i e n t s  W icance Cor r e l a t i on  

1969-1973 Models 116 
Side-Guard, Yes -0.44 .18 - .  126 
Dr ive r  -0.31 .39 - .081 

1970-1973 Models 100 
Side-Guard, Yes -0.19 -53  -. 064 
Dr ive r  0.38 .28 ,109 

1971-1973 Models 5  6  
S  ide-Guard, Yes 0.20 - 6 5  . 0  62 
Driver  1 . 23  .02 ,323 

The c o e f f i c i e n t s  measuring t h e  e f f e c t  of side-beams do not markedly 

change wi th  t h e  a d d i t i o n  of t h e  s e a t i n g  l o c a t i o n  v a r i a b l e  ( see  

t a b l e  1 9 ) .  For occupants  i n  1969-1973 and 1970-1973 model year 

v e h i c l e s ,  t he  presence of s ide-guard beams a r e  a s s o c i a t e d  w i t h  a  

r educ t ion  i n  t he  mean i n ju ry  l e v e l  by 0.44 AIS u n i t s  and 0.19 AIS 

u n i t s ,  r e s p e c t i v e l y ,  w i t h  s e a t e d  l o c a t i o n  c o n t r o l l e d .  Occupants 

i n  1971-1973 models evidenced an inc rease  i n  t h e  mean i n ju ry  

s e v e r i t y  of about  0.20 AIS u n i t s  w i t h  s i d e  guards present  and w i t h  

s e a t e d  p o s i t i o n  c o n t r o l l e d .  However, aga in ,  t h e  c o e f f i c i e n t s  

f o r  the  s ide-guard v a r i a b l e  do not a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e  

a t  t h e  0.05 l e v e l ,  The p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  i n d i c a t e  
t h a t  very l i t t l e  va r iance  i n  t h e  i n j u r y  s e v e r i t y  v a r i a b l e  is 

expla ined by t he  s ide-guard v a r i a b l e  w i t h  s e a t i n g  l o c a t i o n  

e x p l i c i t l y  included i n  t h e  r eg r e s s ion  model. 

The f i n a l  s e r i e s  of r eg r e s s ions  c o n t r o l s  on the  r e s t r a i n t  

usage of t he  occupants .  A dichotomous v a r i a b l e  i n d i c a t i n g  whether 

t h e  person wore a  r e s t r a i n t  ( e i t h e r  a  l a p  b e l t  o r  a  t o r s o  device)  

o r  was un re s t r a ined  was introduced i n t o  t he  r eg r e s s ion  model. 

Table 22 p r e sen t s  t h e  r e s u l t s  f o r  a l l  occupants .  



Table 22 

Regression Analysis of the Effec t  of Side-Guard Beams 
on Occupant Injury Severi ty  Control l ing for  Seat ing 

Location and Res t ra in t  Usage -- A l l  Drivers 
and Right-Front Passengers 

Occupants W i t h :  

1969-1973 Models 
Side-Guard, Yes 
Driver 
Restrained 

1970-1973 Models 
Side-Guard, Yes 
Driver 
Restrained 

1971-1973 Models 
Side-Guard, Yes 
Dr iver 
Restrained 

Regress ion 
Coef f i c  ien t  

S igni f -  
N icance 

P a r t i a l  
Correlat ion 

The r e s u l t s  of the analys is  indica te  t h a t  the side-guard var iable  

does not exerc ise  an important e f f e c t  on the occupant's injury 

sever i ty  l e v e l  w i t h  r e s t r a i n t  usage cont ro l led .  The coe f f i c i en t  fo r  

a l l  three  s e t s  of vehicle  model yealsare  about the same a s  when 

r e s t r a i n t  system usage is not cont ro l led .  (See t ab les  18,20) .  

None of the coe f f i c i en t s  is s t a t i s t i c a l l y  s i g n i f i c a n t  t o  the 0.05 

l eve l  and the p a r t i a l  co r re la t ions  again show t h a t  the side-guard 

beam var iable  predic ts  only a scant  proportion of the variance in  

in jury  sever i ty .  

The following t ab le  contains the same analys is  fo r  the most 

vulnerable group of occupants and hence cont ro ls  on s i d e  of impact. 



Table 23 

Regression Analysis  of the  E f fec t  of Side-Guard Beams 
on Occupant In jury  Sever i ty  Cont ro l l ing  for  Sea t ing  

Location and Res t r a in t  Usage -- Drivers  H i t  on 
Le f t  Side  and Right-Front Passengers 

H i t  on Right Side 

Occupants With: 

1969-1973 Models 
Side-Guard, Yes 
Driver 
Restra ined 

1970-1973 Models 
Side-Guard, Yes 
Driver 
Restra ined 

1971-1973 Models 
Side-Guard, Yes 
Driver 
Restra ined 

Regression 
Coe f f i c i en t  

S ign i f -  
N icance 

P a r t i a l  
Cor re la t ion  

Again, the  c o e f f i c i e n t s  f o r  the  side-guard beam v a r i a b l e  do not 

markedly change w i t h  the  e x p l i c i t  con t ro l  on r e s t r a i n t  system usage. 

(See t a b l e s  19,21) A reduct ion i n  the  mean in jury  l e v e l  of 0.48 

AIS u n i t s  is found f o r  occupants i n  1969-1973 veh ic l e s  equipped 

w i t h  s ide-guards,  but t h i s  a s s o c i a t i o n  is not s t a t i s t i c a l l y  s i g -  

n i f i c a n t  t o  t he  0 .05  l e v e l .  Moreover, the  c o e f f i c i e n t s  decrease 

i n  magnitude w i t h  an increase  i n  the  modernity of the  veh ic l e s  

considered.  The c o e f f i c i e n t  f o r  t he  1971-1973 s e t  of c a r s  i nd i ca t e s  

t h a t  side-guards a r e  a s soc i a t ed  w i t h  an increase  i n  the  in jury  

s e v e r i t y  of the  occupants,  but t h i s  c o e f f i c i e n t  t oo ,  is not s t a t i s -  

t i c a l l y  s i g n i f i c a n t .  The CPIR da ta  do not support  t h e  hypothesis  t h a t  

t he  side-guard beam e x e r c i s e s  a c o n s i s t e n t  in jury  reduct ion e f f e c t .  



3 .3  Texas Data 

3 .3 .1  Data 

Comparable analyses were performed on an add i t iona l  la rge  

accident data f i l e  which contains informat ion useful  for  assessing 

the e f f e c t  of side-guard beams on occupant in jury .  The f i l e  

cons i s t s  of a  random sample ( t o t a l l i n g  5%) of the accidents  for  

the  e n t i r e  s t a t e  of Texas which were recorded on pol ice accident 

r e p o r t s .  The data a re  co l lec ted  by the Texas Department of Public 

Safe ty ;  the sampling is performed by HSRI. T h i s  ana lys is  uses 

the  f i l e  containing the accidents  reported i n  the 1972 calendar 

year.  

The 5% sample f i l e  for  Texas contains a  var iable  which 

s p e c i f i e s  the area of the vehicle  which sustained the pr inc ipa l  

damage i n  the accident .  T h i s  vehicle  damage var iable  is derived 

from a  TAD code recorded by the policeman inves t iga t ing  the 

accident ( 8 ) .  O n l y  occupants who were i n  vehicles  receiving 

damage t o  the l e f t  or r i g h t  s i d e  of the passenger compartment 

a re  included i n  the ana lys i s .  

The injury s e v e r i t y  var iable  for  the occupants records the 

sever i ty  according t o  a  four l eve l  s c a l e  (Ki l led ,  A,B,C) defined 

by the National Safety Council. A value is assigned t o  a l l  

occupants i n  a  vehicle  i n  which any one of them is injured or 

k i l l e d  or i f  the damage t o  the vehicle a t t a i n s  the TAD l e v e l  of 

f i v e  or more. Drivers and r ight - f ront  passengers about whom 

injury information was recorded comprise the s e t  of occupants 

included i n  t h i s  inves t iga t ion .  

3 .3 .2  Complicating Factors  

The f i r s t  s t e p  i n  the analys is  cons i s t s  of assessing whether 

the injury sever i ty  of the  occupants i n  ca r s  without s i d e  guards 

changes w i t h  the  model year.  If there  is l i t t l e  d i f ference  i n  the 

d i s t r i b u t i o n  of injury sever i ty  values between newer ana older 

vehic les ,  then, by including the older c a r s ,  a  la rger  s e t  of 

non-side-guard vehicles  can be used i n  the ana lys i s .  Table 24 

presents  the mean AIS values fo r  d r ive r s  according t o  the  model 



year of the  case  v e h i c l e .  Comparable data  f o r  the  r i g h t - f r o n t  

passengers a r e  contained in  t a b l e  25. 

Table 24 

Mean Injury Level Recorded f o r  Drivers  
Case Vehicle Model Year Categor ies  

Mean - 
1965-1973 Models 3.62 

1967-1973 Models 3.60 149 

1969-1973 Models 

Table 25 

Mean In jury  Level Recorded f o r  Right-Front Passengers 
by Case Vehicle Model Year Categor ies  

Mean - 
1965-1973 Models 3 . 3 8  

1967-1973 Models 3.57 49 

1969-1973 Models 3.54 28 

The t a b l e s  i n d i c a t e  t h a t  t h e r e  is very l i t t l e  v a r i a t i o n  i n  the  

mean in ju ry  l e v e l  fo r  d r i v e r s  or  r i gh t - f ron t  passengers ac ros s  

the  s e l e c t e d  groups of veh ic l e  model years .  A s  a  r e s u l t ,  i t  is 

not necessary t o  d iv ide  the  cases  by model year and the  subsequent 

ana lyses  use the  occupants i n  1965-1973 model year c a r s .  

The second complicating f a c t o r  t o  be assessed  is the  use of 

a  r e s t r a i n t  system. The fol lowing t a b l e  p re sen t s  the  d i s t r i b u t i o n  

of r e s t r a i n t s  f o r  d r i v e r s  and r i g h t  f r o n t  passengers according 

t o  whether t h e i r  veh ic l e  was equipped w i t h  side-guard beams. 



Table 26 

D i s t r i b u t i o n  of R e s t r a i n t  Use and 
Presence  of Side-Guard Beams 

Dr ivers  

Frequency 
Unres t ra ined  
Res t ra ined  

Percen t  
Unres t r a  ined 
Res t ra ined  

No Side-Guard 

Right  Front-Passengers 

Frequency 
Unres t ra ined  
Res t ra ined  

Percen t  
Unres t ra ined  
Res t ra ined  

No Side-Guard 

S ide  Guard 

S ide  Guard 

The t a b l e  i n d i c a t e s  t h a t  t h e r e  is a g r e a t e r  p ropo r t i on  of d r i v e r s  

i n  c a r s  equipped w i t h  s i d e  guards who were u s ing  a r e s t r a i n t  than 

of d r i v e r s  i n  c a r s  wi thout  s ide-guard  beams. Consequently,  a 

v a r i a b l e  i n d i c a t i n g  whether t h e  occupant  used a l a p  b e l t  was 

inc luded i n  t h e  subsequent  ana ly se s .  



3 . 3 . 3  Side-Guard Beams and In ju ry  S e v e r i t y  

The f i r s t  s t e p  i n  t he  a n a l y s i s  c o n s i s t s  of t a b u l a t i n g  t h e  

d i s t r i b u t i o n  of i n j u r y  s e v e r i t y  va lue s  f o r  t h e  occupants  accord-  

ing  t o  whether t h e i r  v e h i c l e  was o r  was not  equipped w i t h  s i d e -  

guard beams. Table 27 con t a in s  t h i s  informat ion f o r  d r i v e r s  and 

t a b l e  28 c o n t a i n s  it f o r  r i g h t - f r o n t  passengers .  An i n j u r y  va lue  

of 1 deno tes  k i l l e d  and an  i n j u r y  va lue  of 5  i n d i c a t e s  no i n j u r y .  

Table 27 

D i s t r i b u t i o n  of I n j u r y  S e v e r i t y  Levels  f o r  Dr ive rs  i n  Vehic les  

wi th  and wi thout  Side-Guard Beams 

K A B C D - N 

Number W i t h :  (1)  (2)  (3 )  (4) (5 )  

No Side-Guard 7  21 74 53 5  7  2  12 
S  ide-Guard 1 9  23 22 19 74 

Percen t  W i t h :  

No S ide-Guard 3 .3  9 . 9  34.9 25 .0  26.9  
Side-Guard 1 .4  12.2  31 .1  29.7  25.7 

Mean I n j u r y  S e v e r i t y  

No Side-Guard 
S  ide-Guar d  

Mean - N - S i g n i f i c a n c e  

3.62 212 -79  
3.66 74 



Table 28 

D i s t r i b u t i o n  of I n ju ry  S e v e r i t y  Levels  f o r  Right-Front 
Passengers  i n  Vehic les  w i t h  and wi thout  

Side-Guard Beams 

Number W i t h :  

No Side-Guard 3 10 26 26 9 74 
Side-Guard 1 3 14 8 6 32 

Percen t  With: 

No S ide-Guard 4 . 1  1 3 . 5  35 .1  35 .1  12 .2  
S ide-Guard 3 . 1  9 .4  43.8 25.0  18.8  

Mean In ju ry  S e v e r i t y  

Mean - N - S i g n i f i c a n c e  

3.38 74 -67  
3 .47 32 

The t a b l e s  show t h a t  t h e r e  is a very  s l i g h t  r e d u c t i o ~ ~  of i n j u r y  

a s s o c i a t e d  w i t h  t h e  presence  of side-guards--0.04 f o r  d r i v e r s  

and 0.09 f o r  r i g h t - f r o n t  passengers .  However, none of t h e s e  

d i f f e r e n c e s  is s t a t i s t i c a l l y  s i g n i f i c a n t  t o  t h e  0 .05  l e v e l .  

The second s t e p  e n t a i l s  c o n t r o l l i n g  upon t h e  occupan t ' s  

use  of a  r e s t r a i n t  system. The method used here  a p p l i e s  a  

r e g r e s s i o n  model which uses  t h e  occupan t ' s  i n j u r y  s e v e r i t y  a s  t h e  

dependent v a r i a b l e .  The p r e d i c t o r  v a r i a b l e s  a r e  two dichotomous-- 

one i n d i c a t e s  whether t h e  v e h i c l e  was o r  was not equipped w i t h  

s ide-guard beams and t h e  second codes whether t h e  occupant 

wore o r  d i d  not  wear a  r e s t r a i n t .  Table 29 p r e s e n t s  t h e  r e s u l t s .  



Table 25 

Regression Analysis  of the  E f f ec t  of Side-Door Beams 
and In jury  Seve r i t y  Cont ro l l ing  f o r  Use of Res t r a in t  

Var iable  
Regress ion Signif  - - P a r t i a l  
ebef f i c  i e n t  N icance Cor re l a t i on  - 

Drivers  

S ide-Guard, Yes 0.10 251 -48 .045 
Res t ra ined ,  Yes -0.01 251 .95 -. 004 

Right Front  Passengers 
Side-Guard, Yes 0.17 102 -42 
R e s t r a i n t ,  Yes 0.70 102 - 0 5  

The regress ion  a n a l y s i s  suppor t s  the  previous f i nd ing  t h a t  

t he  presence of a  side-guard beam exe rc i s e s  only a  neg l ig ib l e  

e f f e c t  on t he  i n ju ry  l e v e l  recorded f o r  the  Texas sample f i l e  

occupants.  The r eg re s s ion  c o e f f i c i e n t s  f o r  both d r i v e r s  and 

r igh t - f ron t  passengers i n d i c a t e  t h a t  the  mean in ju ry  s e v e r i t y  

value  f o r  occupants w i t h  side-beams is reduced by 0.10 and 0.17 

i n ju ry  s e v e r i t y  u n i t s ,  r e spec t ive ly ,  when r e s t r a i n t  use is con- 

t r o l l e d .  The s i g n i f i c a n c e  l e v e l  i n d i c a t e s  t h a t  these  d i f f e r ences  

cannot be imputed t o  t he  e n t i r e  Texas acc iden t  popula t ion.  More- 

over ,  the  c o r r e l a t i o n  a n a l y s i s  cor robora tes  t he  t r i v i a l  degree 

of associa t ion-- the  side-guard v a r i a b l e  exp la ins  l e s s  than 1% 

of t he  r e s i d u a l  var iance  i n  t he  v a r i a b l e  measuring the  d r ive r  's  

and r i g h t  f r o n t  passengers1 i n ju ry  s e v e r i t y .  We conclude t h a t  

the Texas da t a  do not support  a  con ten t ion  t h a t ,  i n  genera l ,  

side-guard beams exe rc i s e  an important i n ju ry  reduct ion e f f e c t .  



4 .  Sidc-Impac t a n d  Vctl i c l e  Dtll'o14mn t  ion 

T h e  second pa r t  of the invcs t igat ion is a  dcternlination of 

the e f f e c t  of side-door beams on t h e  amount of crush sustained 

by the door of a  c a r .  The underlying assumption is t h a t  the more 

the door is crushed, the more chance of injury or even ser ious  

in jury  t o  the occupants ins ide ,  both because there is a  grea ter  

chance of the occupant's h i t t i n g  t,he s i d e ,  and because there i s  
l e s s  of a  chance of a  glancing blow fo r  the two vehic les .  

The ac tua l  dependent var iable  se lec ted  is the maximum of 

V170 and V171 of the CPIR f i l e ,  the amounts of sheet  metal crush 

sustained by the l e f t  and r i g h t  s i d e  of the car  respect ive ly .  

By  considering only those ca r s  where the major damage was t o  the 

door a r e a ,  t h i s  should be a  very good indicat ion of the ac tua l  

amount of intrusion in to  the doors. 

Having decided on a  measure of the e f f e c t  of the s i d e  door 

beam, and a  data f i l e  containing t h a t  measure, we next obtained 

the d i s t r i b u t i o n s  of maximum crush for  ca r s  w i t h  and without side- 

door beams, The following t ab le  (30) descr ibes  these d i s t r i b u -  

t ions  and presents  the  r e s u l t s  of a  s t a t i s t i c a l  t e s t  ( t  t e s t )  of 

the hypothesis tha t  there  is no d i f ference  i n  the mean crush 

occurring t o  these two c lasses  of ca r s .  

Although we note tha t  i n  t h i s  pa r t i cu la r  sample there is 

ac tua l ly  a  grea ter  average crush t o  the doors of side-beam c a r s ,  

because the chance t h a t  t h i s  d i f ference  could be due to  random 

e r r o r  is high ( . 5 0 ) ,  we cannot conclude tha t  t h i s  implies any 

d i f ference  between the amounts of crush sustained by the doors 

equipped w i t h  s i d e  beams and those without s i d e  beams. 

However, such a  broad look a t  the data  can lead t o  erroneous 

s tatements ,  s ince  there may be some extraneous f a c t o r s  whose 

e f f e c t s  a r e  co r re la t ed  w i t h  s i d e  beams. For example, i f  s ide-  

door beams were i n s t a l l e d  only i n  the so-called "muscle cars" ,  

we would very l i k e l y  see  a  grea ter  amount of door in t rus ion  in to  

these c a r s .  Yet t h i s  r e s u l t  would not necessar i ly  be because 

door beams a r e  inherent ly de t r imenta l ,  b u t  r a the r  because "muscle 

cars" a r e  probably driven f a s t e r  than other c a r s .  T h i s  example c 

is not the  case ,  but it does point out t h a t  caution is needed when 

i n t e r p r e t i n g  the  da ta .  
38 



Table 60 

D i s t r i bu t ion  of Maximum Crush t o  Side Beam 

Maximum 

crush t o  

door ( inches)  

and Non-Side Beam Cars 

Side Beam Non-S ide Beam 

Number Percent  Number Percent 

Tota l  65 89 

Ave. Crush 16.508 15.573 

S ign i f icance  (Prob. t h a t  averages a r e  equal)  ,5006 

What f a c t o r  or  f a c t o r s  could poss ibly  inf luence our r e s u l t s ,  

then? One main f ac to r  immediately comes t o  mind - the  component 

of the  s t r i k i n g  v e h i c l e ' s  energy d i r ec t ed  i n t o  the  door. I f  i t  

could be shown t h a t  the  d i s t r i b u t i o n  of t h i s  v a r i a b l e  is the  same 

f o r  both t h e  s i d e  beam and non-side beam populat ions ,  then the  

comparison of the  maximum crush of the  door between the  two groups 

of c a r s  could be i n t e r p r e t e d  a s  t r u l y  r e f l e c t i n g  the  inf luence of 

t h e  side-door beam. Unfortunately,  t he  value of t h i s  f a c t o r  can- 

not be recons t ruc ted  from the  data  in  t he  CPIR f i l e .  The v a r i a b l e s  

most near ly  r e l a t e d  t o  t h i s  f a c t o r  a r e  t he  sum of the  energ ies  of 

the  two most responsible  veh i c l e s  i n  the  accident  ( t h e  s t r i k i n g  

veh i c l e  and the  s t ruck  v e h i c l e ) ,  V537, and the  clock d i r e c t i o n  of 

f o r c e ,  V137. The sum of energ ies  va r i ab l e  is unusable, however, 

a s  its value  depends on the  i n v e s t i g a t o r ' s  es t imate  of the  impact 

speeds,  which is based i n  p a r t  on t h e  amounts of crush sus t a ined .  

I n  cont inuing w i t h  t he  a n a l y s i s  then,  we make the  assumption t h a t  

t h i s  v a r i a b l e  is equa l ly  d i s t r i b u t e d  f o r  s i d e  beam and non-side 
beam c a r s ,  T h i s  leaves  clock d i r e c t i o n  of fo rce  a s  a  sur roga te  



f o r  t h e  a n g l e ,  and hcncc t h e  p ropor t ion  of the  clnerpgy of impact 

d i r e c t e d  i n  t o  (perpendic :u ln~ '  t o )  t . 1 1 ~  d o o ~  . I3y t l ( v n o r i s  l rat i ng 1 Iia I 

t h i s  v a r i a b l e  is independent of s i d e  beams we call havo more a s -  

su rance  t h a t  our conc lus ions  about  s i d e  beams a r e  v a l i d .  

Accordingly ,  we o b t a i n  d i s t r i b u t i o n s  of t h e  d i r e c t  ion of 

f o r c e  v a r i a b l e  f o r  s i d e  beam and non-side beam c a r s .  These d i s -  

t r i b u t i o n s  a r e  p resen ted  i n  Table 31,  a long  w i t h  t h e  r e s u l t s  of a  

s t a t  i s t i c a l  test (Chi-square) of t h e  hypothes is  t h a t  t h e s e  d i s -  

t r i b u t i o n s  a r e  t h e  same f o r  s i d e  beam and non-side beam c a r s .  

Table 31  

D i s t r i b u t i o n s  of Angle of Force f o r  

S ide  Beam and Non-Side Beam Cars 

S ide  Beam Non-S ide  Beam 

Number Percent  Number Percen t  

Angle 15'-45: o 7  10.4  8  9 .0  
of 460-750 45 67.2 5  9 66 .3  
Force 76 -90 15  22.4 22 24.7  

T o t a l  67 100.0 89 100.0 

Prob. t h a t  D i s t .  a r e  Equal ,6838 

We cannot  conclude t h a t  t h e r e  is any d i f f e r e n c e  i n  t h e  d i r e c t i o n  

of t h e  f o r c e  a p p l i e d  t o  t he  doors  of t h e  two groups of c a r s .  

Although we can c la im no b i a s  w i t h  r egard  t o  ang le  of f o r c e ,  

neve r the l e s s  i t  is prudent  t o  c o n t r o l  on t h i s  v a r i a b l e  i n  our 

ana ly se s ,  t o  make a b s o l u t e l y  s u r e  of no confounding i n f l uences .  

One method of c o n t r o l  is a n a l y s i s  of covar iance .  T h i s  is a  

s t a t i s t i c a l  technique where r e g r e s s i o n s  a r e  run on d i f f e r e n t  

samples and t e s t s  of t he  e q u a l i t y  of t he se  r e g r e s s i o n s  a r e  made 

t o  s e e  if they a r e  t h e  same f o r  a l l  samples.  Thus we run  r e -  

g r e s s i o n s  w i t h  maximum crush  a s  t he  dependent v a r i a b l e  and ang l e  

of f o r c e  a s  t h e  independent v a r i a b l e  f o r  s i d e  beam and no s i d e  

beam c a r s .  Table 32 p r e s e n t s  t h e  r e s u l t s  of t h i s  a n a l y s i s .  



Table 52 

Resu l t s  of Analyses of Covariance wi th  Maximum Crush a s  

Dependent Var iab le  f o r  S ide  Beam and Non-Side Beam Cars 

D i r ec t i on  of Force (1=15O-45O, 2=46'-75', 3=76°-900) 

Prob. t h a t  Prob. of 
Constant  Slope Slope=O = Slope 

No S ide  Beam 13.848 ,8126 ,6110 .0659 

S ide  Beam 5.7766 5.0914 ,0033 

Not ice  t h a t  while  t h e r e  is a  d i f f e r e n c e  i n  t h e  s l o p e s ,  t h i s  d i f -  

f e r e n c e  does not  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e .  There fore ,  we 

cannot  conclude t h a t  s i d e  door beams a l t e r  t h e  r e l a t i o n s h i p  be- 

tween t h e  d i r e c t i o n  of f o r c e  and t h e  r e s u l t a n t  c rush  t o  t h e  door 

of a  c a r .  

A s  a  f i n a l  check of t h i s  con t en t i on ,  we o b t a i n  d i s t r i b u t i o n s  

of t he  maximum crush  t o  t h e  doors  of t h e  s i d e  beam and non-side 

beam c a r s  a t  each va lue  of t h e  c o n t r o l  v a r i a b l e .  We a l s o  t e s t  t h e  

e q u a l i t y  of t he  means of t he se  d i s t r i b u t i o n s  f o r  t h e  two c l a s s e s  

of c a r s .  The fo l lowing  t a b l e  p r e s e n t s  t he se  r e s u l t s .  

Table 33 

D i s t r i b u t i o n s  of Maximum Crush f o r  S ide  Beam 

and Non-Side Beam Cars a t  Each Value of 

Angle of Force 

Maximum Crush ( i nches )  
prob.  

0-10 11-20 21 -30 ,230  t o t a l  ave ave = -- ---- 
Number S ide  Beam percent 4 1 1 0  

Angle 67.0 16 .7  16.7 0 .0  6  12.00 

No ,7616 
15O-45O S ide  Beam Number 4  2  2  0  

Percent  50.0 25.0 25.0 0 . 0  8 13.38 



Table 33 (continued) 

Side Beam Number 10 21 11 
Angle Percent 23 .2548.84  25.58 

46'-75' No Number 14 32 9 
Side Beam Percent 24.14 55.17 15.52 

Number Side Beam Percent 3 2 9 
Angle 20.0 13.33 60.0 

prob. 
>30 t o t a l  ave ave = - -- 

-4 

prob. 
>30 t o t a l  ave ave= - 

76'-90' No Number 7 8 5 
Side Beam Percent 31.82 36.37 22.73 

The t ab le  indica tes  some di f ferences  between the amounts of 

crush sustained by the two c lasses  of c a r s ,  notably for  the near 

perpendicular h i t s .  However, no d i f ference  a t t a i n s  s igni f icance .  

Therefore, the conclusion reached a s  a r e s u l t  of the analys is  of 

covariance, t h a t  s i d e  door beams have not been shown t o  be e f f e c t i v e  

i n  reducing the  crush t o  a door, is reaffirmed. Note pa r t i cu la r ly  

the implications of t h i s  s tatement.  We do not say tha t  s i d e  beams 

never a r e  benef i c i a l .  There may be spec ia l ized  cases where s i d e  

beams have a great  e f f e c t .  Too, they may be of very s l i g h t  benefi t  

i n  a la rge  number of cases .  A l l  we can s t a t e  w i t h  assurance is 

t h a t  they have not shown themselves t o  be of grea t  enough benef i t  

i n  a la rge  enough number of cases .  
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