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ABSTRACT 

An in-depth study of neck injuries in rear end col l isions •as 1ade in order to inve1ti9ate the severity of 
the iniur1es and the injury aechan111s in correlation •itb occupant and vebicle paraaeters. 

The study included 33 occupants and their vehicles invol•ed in 26 rear end co l l isions. E1tenaive intervie•s 
and techn1cal e1a11nat1on1 •ere 1ade as soon aa po11ible after tbe acc1dent. Medical e1a1inat1ona •ere aade 
at th1s t11e and a year later. 

No severe injuries accordin9 to the AIS cla11ification vere noted. Hovever ,  various de9rees of neck injury· 
related d1sco1fort vere noted in a l l  but four caaea. Prolon9ed di1co1fort, last1n9 tore than 3 tonths, was 
noted for about 40 per cent of a l l  tbe occupants vho had neck 1y1pto11 after the acc1dent. 

The durat1on of the neck sy1pto11 was related to the eatiaated horizontal diatance betveen the head and the 
head restraint at the t1ae of the accident and, to aoae e1tent, to the defor1at1on of the occupant ' s  car in 
cases vhere any s1de bea1 wa1 deforaed. 

Neck i n j u r i e s  susta i ned in tra f f ic accidents a r e  s e l dom fata l , 
but can l ead to permanent impa i rment . The ma j o r ity a r e  acce l e ­
rat ion i n j ur ies o r  cervical epine d i etort ions caused by rear 
end col l i s ions . These so-ca l l ed " w h i p l a s h "  i n j u r i e s  cause many 
diagnostic a nd therapeutic probl ems , and may be a s sociated with 
a var iety o f  symptoms which do not c l ea r l y  c o r r e l ate with the 
acc ident . The unce rta i n  connection between the symptorns and the 
accident , the l a c k  of phys ic ians fami l ia r  with these i n juries , 
and the unc e rta i n ty a s  to the most ef fect ive rnedica l t reatment 
wi l l  often pro l ong the t ime between the accident , med i c a l  care , 
and the f i na l  l ega l set t l ement , caus i n g  the i n j ured coneider­
ab l e  suf f e r i n g  and i nvo l ving soc iety in t remendous e xpense [ l ] .  

"Whipl a s h "  i n ju r i e s  have been invest i gated theoretica l l y ,  in 
e xpe r irnents , and after rea l accidents for more than t h i rty 
yea r s . Most modern care a re equipped w i t h  head restrainte de­
s igned to prevent this type of i n jury . Neverthe l e s e , neck 
i n juries are s t i l l  comrnon i n  rear end co l l i s ione , which i nd i ­
cates that the protect ive equipment i s  not func t i o n i ng sat i s ­
f actor i l y . There i a  a l so aome controver ey about the i n jury 
mecha n i sms , a l though it is genera l l y c o n s i de red that hype r -
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extension i a  i nvo l ved C 2 J . Furthermore , dur i ng the l ater pa rt 
of the impact ,  the body probab l y  reco i l s  ow i ng to the e l astic 
prope r t i e s  of the seat backrest and the ehest , and t h i s  may put 
an extra s t r a i n  on the cervical spi ne . According to a computer 
s imu l at ion devised by Mc Kenz ie and Wi l l iams ( 3 ) ,  a soft seat 
backrest caused g reater acc e l eration of the head and reac t i o n  
f o r c e s  i n  the cerv i c a l  s p i n e  dur i n g  t h e  f i na l part of the 
col l i s ion than a hard one . Theoretica l l y ,  a pure e l astic 
l oad-deformat ion c ha racte r i st i c  seems unfavourab l e ,  a nd some 
i nvestigators h�ve po stu l ated that a contro l l ed p l a stic y i e l d  
of the seat backrest dur i ng the impact wou l d  have a benef i c i a l  
ef fect ( 4 , 5 ) . 

A I M  

T h e  a im o f  t h i s  study was t o  i nves t i gate neck i n j u r i e s  sus­
t a i ned i n  rear end c o l l i s ions a nd c o r r e late the severity of the 
i n ju r i e s  with the va r ious acc ident , occupa nt , and veh i c l e  
paramete r s . We a l so wanted t o  form a ba s i s  f o r  e xper imenta l 
stud i e s  o n  neck i n j u r i e s  i n  order to improve the protect ive 
prope r t i e s  bui l t  into the veh ic l e s . 

MATER I AL ANO METHOOS 

A study was made of acc idents that had occurred in the Gothen­
burg reg ion in Sweden during 1 9 8 7 - 8 8  a nd were reported by the 
Vo l vo T r a f f i c  Acc ident Group [ 6 ]  or by the T ra f f ic I n jury 
Reg i ster [ 7 1 .  A case was inc l uded in the study if any severe 
pre-accident neck and shou l der d i sorder cou l d  be exc l uded . One 
acc ident i nvo l v i ng two occupants was thus i ne l i g i b l e  for the 
inve s t i gat ion . A tot a l  of 2 6  rear end co l l i s ions ( c l oc kw i se 
5 - 7 , wi thout any seconda ry impact >  invo l v i ng 3 3  f ront seat 
occupants in Vo l vo c a r s  met the c r iterion and ente red the 
study . 

An extens ive i nterview and a med i c a l  e xamination were c a r r ied 
out a s  soon a s  poss i b l e  after the acc i dent . A reconstruction 
was made of the impact sequence and the i n jury mechan i srn was 
po stu l ated on t he bas i s  of the i nterview data and a deta i l ed 
inve s t i ga t ion o f  the acc ident s i te a nd the vehic l e s . 

I n  each c a s e , the force of the impact was eat imated by measu­
ring the permanent ma x imum deformation of the rear end of the 
acc ident c a r . The deformat ion was " tr an s l ated " i nto an " Energy 
Equ iva l ent Speed" ( EE S > , spec i f ied f r om bar r i e r  c ra s h  test s . 

The character o f  the crash pu l se was c l a s a i f  ied according to 
which pa r t s  of the acc ident c a r  had been deformed . The rear 
s i de rnember was sa id to have been " ac tivated " if it was hit or 
permanent l y  deformed i n  the impact d i rec t ion caus i ng a " st i f f "  
pu l se ,  and " non -act ivated " , caus i n g  a " so f t "  pu l s e ,  i f  i t  had 
not been i nvo l ved at a l l .  

The hor i zonta l and ve rtical d i atances between the head and the 
head rest r a i nt just before impact were est imated w i t h  the 
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occupant sitt ing i n  the acc ident c a r  or i n  a simi l a r  c a r  a f t e r  
the acc ident . T h e  res idua l deforma t i o n  of t h e  seat backrest was 
def i ned as t h e  i nc rement of the 

·
inc l i na t ion ang l e  of the seat 

backrest between its norma l pos it ion , a s  est imated by the 
occupant , and the pos it i o n  reached a f t e r  the acc ident . 

S i gns and symptoms a s soc iated with neck i n j ur i es , the range of 
movement of the cervical spine , a nd d i scomfort rel ated to 
spec if ic movements of the neck , which might have occur red 
during impact , were thoroug h l y  documented . The l ong-term conse­
quences of t he neck i n j ur i e s  were e l ic i ted f rom quest ionna i re s  
g i ven t h ree and twe l ve months a f t e r  t h e  accidents . A second 
med ica l examination was made if there were st i l l  neck symptoms 
after one yea r .  

The neck i n j u r i e s  were c l a s s i f i ed according t o  a s l ight mod i f i ­
cat ion of the c r i t e r ia def i ned by Wa r i s  e t  a l  C B J  < Ta b l e  I > .  

Tab l e  I Neck i n j ury c r i t e r ia 

1 .  U n spec i f ied neck symptoms ( UNS > 
2 .  Tension neck syndrome ( TN S ) 

More than one of the fol l ow i ng : 
- Pa in or ache i n  the neck o r  s hou l de r  
- Fat igue o r  weakne ss i n  t h e  neck o r  shou l de r  
- S t i f f n e s s  i n  t h e  neck o r  shou l de r  
- Headache 
Comb i ned with both of the f o l lowing : 
- Spasm o r  t i ghtness i n  the neck o r  shou l de r  musc l e s  
- Tende rness o f  the neck o r  shou lder musc l e s  

3 .  Cervica l synd rome ( CS )  
More than two of the f o l l ow i ng : 
- Pa i n  or ache i n  the neck o r  shou l de r  
- S t i f  fness i n  the neck o r  shou l de r  
- P a i n  i n  the a rm ,  not segmenta l l y d i st r i buted 
- Paresthesia in the a rm 
- Numbnes s  i n  the a rm 
Comb i ned with bot h  of the f o l lowing : 
- Restr icted movement of the neck o r  shou l de r  
- P a i n  i n  t h e  neck or shou l d e r  during movement o f  t h e  neck 

4 .  Cervica l r h i zopa t i a  ( CR )  
Mo re than one of the fo l l ow i n g : 
- Pa i n  or ache i n  the neck o r  shou lder 
- S t i f f ne s s  i n  the neck o r  shou l de r  
- Numbness i n  t h e  a rm 
Comb ined with both of the f o l l ow i ng : 
- Pa in i n  the a rm ,  segmenta l l y d i s t r ibuted ( rh i zopat ia > 
- I ntens i f ied pa i n  rad i a t i ng to the a rm dur ing movement of 

the neck or neuro l o g i c a l  d i sturbanc e s  i n  the a rm or 
shou lder 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

The r e l a t io n s h ip between the i n j ury outcome a n d  the var ious 
acc ident pa rametera was invest igated statist ica l l y u s i ng l o g i s ­
t ic reg ress ion ana l y s i s  ( 9 ) .  
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RESULTS ANO COMMENTS 

An overa l l  v i ew of the acc ident and occupant data i s  presented 
in the appendi x .  The acc ident c a r  was h i t  by a nother c a r  in 2 3  
acc idents , a van i n  one , a bus i n  one , and a t ruc k i n  one 
accident . The c a r  was stationary in 20 accidents invo l v i ng 2 3  
occupant s .  

I n  a l l ,  2 7  of the occupants were men < 2 4 d r ivers and t h ree 
f ront seat passenger s > and s i x  women < two d r ivers and four 
f ront seat passenger s ) .  A l l  the occupants were wea ring t h e i r  
seat b e l t s  a nd the i r  seat s were provided w i t h  f i xed head r e ­
s t r a i n ts . 

Four of the occupante d i d  not e xpe r ience any neck d i scomf ort at 
a l l  after the acc ident . The other 29 susta i ned var ious types of 
neck i n j ury with nec k - s hou l de r - a rm d i scomfo r t  of varying degree 
and duration ( Tab l es I I  and I I I > .  

T a b l e  I I  

Duration 

I n i t ia l l y  
> 1 week 
> 1 month 
> 3 month s  
> 1 2 months 

Durat ion of neck symptoms 

Number 

2 9  
1 9  
1 4  
1 3  
1 2  

\ ( of 3 3 >  

8 8  
5 8  
4 2  
3 9  
3 6  

Tab l e  I I I  I n i t i a l  d i a g nos i s  and one year later 

I n i t i a l  One yea r l ater 

None UNS TNS CS CR 

UNS 
TNS 
CS 
CR 

Tota l 

8 
1 5  

5 
1 

2 9  

6 
1 0  

1 

1 7 

2 

2 

4 
2 

6 

3 

3 

At the i n i t i a l  e xamination , s i x  occupants comp l a i ned o f  head­
ache , one of vertigo , one of sens i t i v i ty to l ight , and one of 
rnemory d i sturbances . A l l  of these symptoms had d i s appeared 
after one yea r . 

F ive occupants a l so susta i ned mino r  i n j ur ies to other pa rts of 
the body , ma i n l y  the back and l ower e x t remit i e s . 

1 

1 

The duration of the neck symptoms inc reased i f  the est imated 
d i stance between the head and the head restraint exceeded 1 0  cm 
( Ta b l e  I V ) . T h i s  re l at ionship was sta t i stica l ly a ig n i f icant 
( p< 0 . 0 1 > . 
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Tab l e  IV 

Di stance 

( cm )  

< 1 0 
> = 1 0  
Unc l ea r  

Tot a l  

Ouration o f  neck eymptoms i n  r e l at io n  t o  the 
est imated hor i zonta l d i etance between the 
head and the head restra i nt 

Durat ion of neck symptoms 

Less than 
a year 

1 7  
3 
1 

2 1  

A t  l ea s t  
a year 

4 
7 
1 

1 2  

Tota l 

2 1  
1 0  

2 

3 3  

The Energy Equiva l ent Speed was l e s s  than 1 0  km/h i n  f ive acc i ­
dents i nvo l v i ng s i x  occupants . S i x teen accident s , invo l v i ng 2 0  
occupants , occur red a t  1 0 < = E E S < 2 0  km/ h .  I n  f ive accidents , 
invo l v i ng seven occupants , the EES was 2 0  km/ h  or .mo re . 

The f requency of the rear side member act ivation w i t h i n  the EES 
catego ries is shown i n  Tab l e  V .  

Tab l e  V 

EES 

( km / h ) 

< 1 0  
< 1 0 

Subtota l 

1 0  - < 2 0 
1 0  - < 2 0 

Subtot a l  

> = 2 0  
> = 2 0  

Subtot a l  

Durat ion of n e c k  symptoms i n  r e l a t ion t o  the 
Energy Equiva l ent Speed < EES l and the cha rac ­
ter of the impact pu l se < re a r  s ide member 
act ivated or not > . 

Act ivated 
rear s ide 
member 

no 
yes 

no 
yes 

no 
yes 

Duration of neck symptoms 

Less than 
a year 

1 
3 

4 

0 
1 2  

1 2  

1 
4 

5 

At l ea s t  
a year 

0 
2 

2 

1 
7 

8 

2 
0 

2 

Tota l 

1 
5 

6 

1 
1 9  

2 0  

3 
4 

7 
- - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Total 2 1  1 2  3 3  

There was no c o r r e l a t ion between t he duration o f  the neck 
symptoms and the Energy Equiva l ent Speed < EE S l pe r se or 
between the c ha racter < " st i f f "  o r  " sof t " ) of the impact pul se 
per s e .  There was no corre l a t i o n  e ither between the E E S  and the 
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type of i n jury according to the c l a s s i f icat ion i n  Tab l e  I ,  o r  
between the durat ion o f  the symptoms a nd the age o f  the occu­
pant . 

Howeve r ,  where any o f  the rear s ide members had been act ivated , 
teste with the l o g i st i c  regression mode l  i n d icate that a l though 
it was not stat i s t ica l l y s i g n i f icant , there was some corre l a ­
t ion between the duration o f  the neck symptoms and the degree 
to which the impacted car was deformed , a s  e xpressed by the 
squa re of t he ma x imum permanent defo rmat ion . 

The seat bac krest was def l ected compared with the o r i g i na l  
po s i t ion f o r  1 6  occupant s .  For f ive o f  these , the neck symptoms 
pe r s i sted for mo re than a yea r . The seat backrest was not de-
f l ected for 1 7  occupant a .  For seven of these , the neck symptoms 
pe r s i sted for mo re tha n  a year ( Ta b l e  V I > .  There was thus no 
stat i st ica l l y s i g n i f icant r e l a t io n s h ip between the aeat def l ec ­
t ion a nd the duration o f  the neck symptoms . However , there were 
four occupants who we�e not i n jured at a l l .  The rear s ide 
mernbe rs of the impacted vehic l e s  were act ivated in a l l  these 
four cases ( " s t i f f "  pu l se > . The Ene rgy Equiva l ent Speed was 9 ,  
1 6 ,  1 6  and 1 9  km/ h ,  respect i ve l y ,  a nd e xcept for the 9 km / h ­
c a s e  the seat bac krest w a s  d e f  l ected . 

T a b l e  VI 

Seat 
d e f  l ect ion 

No 
y e s  

Tota l 

D I SCUSS ION 

Durat i o n  of neck symptoms in r e l a t ion to seat 
def l ection . 

Durat i o n  of neck symptoms 

Lees than 
a yea r 

1 0  
1 1  

2 1  

At l ea s t  
a yea r 

7 
5 

1 2  

Tota l 

1 7  
1 6  

3 3  

A l l  the i n j u r i e s  i n  t h i s  study were of minor seve r i ty according 
to the A I S  c l a s s i f icat ion ( AI S = l > .  Most o f  the occupants ( 7 0 % > 
susta i ned neck i n j ur i e s  with symptoms l oca l i z ed to the neck 
o n l y  ( UNS or TNS > . These i n ju r i e s  seem to have a good prognos i s  
compared w i t h  n e c k  i n j u r ies w i t h  symptoms radiating to t h e  a rme 
or s t i f  f n e s s  a nd r e s t r i c t ion of movements of the neck or 
shou l de r .  T h i s  concurs with the resu l ts of a prev ious study of 
neck i n j u r ies after t ra f f ic accidents i n  Gothenburg i n  1 98 3  
[ 1 0 1  a nd the resu l t s  presented by No r r i s  och Watt f rom Shef­
f ie l d  dur ing 1 9 7 7 - 8 0  [ 1 1 ) .  

The durat ion o f  the neck symptoms was chosen a s  the ma i n  
rneasure of the neck i n j ury seve r i ty . P a i n  rad iating f rom the 
neck to the shou l der and a rm and l imited mot ion of the c e rv i c a l  
spi ne or shou l de r  d i d  not corre late w i t h  a n y  of t h e  acc ident 
pa rameters . 
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Prol onged neck d iscomfort ( more than one yea r ) c o r r e l a t ed with 
an i nc reaae i n  the ho r i zonta l d i stance between the head and the 
head reatra int ( P < 0 . 0 1 > .  There was a short d i atance o f  l ess 
than 1 0  cm between the head and the head restra i nt for 1 7  of 26 
occupa nts i n jured i n  acc idents with a " s t i f f "  impact pu l se .  
O n l y  two ( 1 2 % l  of the 1 7  had neck symptoms l a s t i ng more· than a 
yea r . I n  the rema i n ing 9 case s , the d i stance between the head 
and the head restraint was long , ie 1 0  cm or more . S i x  ( 6 7 % )  of 
the 9 had neck symptoms l as t i ng more than a yea r .  

There was no corre l at ion between the EES per s e  or the c harac ­
ter ( " st i f f "  or " sof t " ) of the impact pu l se pe r se , on the one 
hand , and the duration of the neck symptoms o n  the other . 
However ,  a l though i t  was not stat i s t ica l l y e i g n i f icant , t here 
was some c o r r e l ation between p r o l o nged neck d i scomf o r t  and the 
square of the max imum deformat ion of the c a r , where any of the 
rear s ide membe rs were act ivated . 

The neck i n j ury mec h a n i sm cou l d  not be c l a r i f  ied i n  deta i l  in 
this study . Howeve r ,  the r e l a t ionship between an inc rease in 
the horizontal d i stance between the head and the head restra i nt 
and prol onged neck symptoms i n d icatea that reduc i n g  the " back­
ward" movement of the head i n  r e l a t ion to the ehest might be of 
pr imary importance . This movement is proba b l y  a c ombination of 
a shear d i sp l acement a nd hyperexteneion of the cervical spine . 
For pract ica l reasons ,  the e s t imated horizontal d i stance 
between the head and the head restra i n t  was d i v ided into two 
categor ies : l ess t ha n  1 0  cm a n d  1 0  cm or more . Howeve r ,  it i s  
reasonab l e  t o  bel ieve that the shorter the d i s tance the l es s  
the l i ke l i hood t h a t  the various t i s sues i nvol ved wou l d  be 
stra i ned . A so l ut i o n  w h i c h  ga rantees a minimum d i stance between 
the head a nd the head restraint for a l l  occupants wou l d  be 
idea l . 

Hype r f  l e x ion of the c e rvica l spine i s  by def i n i t ion a pa rt of 
the " w h i p l a s h "  mot ion . An i s o l ated hype r f l e x ion w i l l  cause neck 
symptoms that are d i f f icu l t  to d i s t i nguish f rom those of a com­
b i ned hyperextension and hype r f l e x i o n  movement [ 1 2 1 .  It wou ld 
seem reasonab l e ,  therefore , to t r y  to reduce both the hype r ­
exten s ion and hype r f  l e x ion . 

Hype rf l e x ion of the cervica l spine might s t i l l  occur even if 
the head restraint i s  i n  the opt ima l pos i t ion to prevent hype r ­
extens ion . I n  fac t ,  hyper f l ex ion i s  l ike l y  to occur i f  the head 
rest ra i n t  and seat backrest are very res i l ient . I t  i s  proba b l e  
that the d iagona l pa rt o f  the seat be l t  a l so i nc reases hyper-
f l e x ion a s  it restra i ns the body after it has been acce l e rated 
by the seat bac krest dur i ng the f i rst pa rt of the impact .  As a 
matter of fact , the use of seat be l t s  has been shown to corre ­
l a t e  w i t h  a n  i nc reased r i s k  of neck i n juries i n  d i f ferent types 
of car acc ident in Gothenburg ( 1 3 1 . However ,  the overa l l  
protec t i ve e f fect of the seat be l t  i n  t ra f f i c  acc idents i n  
genera l i s  qu ite c l ea r .  

Theoretica l l y , the r i a k  of susta i n i ng a hyperf l e x ion i n jury i n  
a rear e n d  c o l l i s ion might b e  reduced i f  the seat backrest and 
head restra int were l es e  res i l ient , ie more p l a s t i c . Such 
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p l a s t i c  deforma t ion might be ach ieved w i th a to rque-aens i t ive 
coup l ing int roduced i n  the connect io n  between the seat and the 
seat backreat . I n  f ac t , auch p l a s t i c  deformat io n  ocur red i n  
those c a s e s  where there w a s  a permanent def l ec t ion of t h e  seat 
backrest . There may be other s o l ut ions to t h i s  prob l em as w e l l .  

I n  t h i s  study , no corre l at ion was found between the sever i ty of 
the neck i n j ury and the permanent def l ect ion of the seat 
backre st . Howeve r ,  the number of cases is too sma l l  to permit 
any conc l usions a s  to t he pos s i b l e  protect ive effect of such 
seat backrest def l ec t ion . 

Theo retica l l y ,  a cont ro l l ed def l ec t ion o f  the seat backrest , 
w i t h i n  certain l irnit s , is a l so a n  att ract ive way to reduce 
hype rextension of the cervica l spine i f  the d istance between 
t he head and the head r e s t ra i nt i s  too g reat . However , the 
re l a t ionship between the v i scoe l a st i c  prope r t ies of the ehest 
and the seat bac krest and head restra i nt , o n  the one hand , a nd 
the k i nema t i c s  of the body during a nd a f t e r  impact ,  on the 
othe r ,  is cornp l e x . The e l a st ic ity of the seat backrest and 
ehest might s t i l l  cause the body to rec o i l  even if there is a 
def l ect i o n  of the seat backrest . Mc K e n z i e  and W i l l iams ( 3 1  have 
rerna rked that the e l a s t ic ity of the seat backrest w i l l  i nc rease 
the s t r a i n  on the c e r v i c a l  spine dur i ng hype r f l e x ion . Many o f  
the occupan t s  i n  t h i s  study a l so desc r i bed v i o l ent hype r f  l e x ion 
of the cervical s p i ne at the accident . 

The resu l ts of t h i s  study a l so i nd icate that the shape of the 
impact pul se has a g reater i n f l uence on the sever i ty of the 
neck i n j ury than the amount of t ra n s f e r red energy . It i s  
reasona b l e  t o  be l ieve that during the f i r s t  pa rt o f  the acce l e ­
ration a " st i f f "  impact pu l se w i l l  cause g reater movement of 
the cervica l spine before the head h i t s  the restra int than a 
" so f t "  impact pu l se .  One way to examine t h i s  hypothe s i s  wou l d  
be t o  study the i n f  l uence of the d istanc e  between the head a nd 
the head restra i nt o n  the neck i n ju r i e s  noted i n  accidents w i th 
and w i thout act ivat ion of the rea r s ide membe r s . There are not 
enough c a s e s  in t h i s  study , howeve r ,  for such an ana l ys i s .  T h i s  
hypothes i s  ought t o  b e  e x p l o red i n  further acc ident stud i e s  and 
tests . 

CONCLU S I ON S  

A d i s tance of more t h a n  1 0  c m  between t h e  head a nd t h e  head 
restraint cor r e l ates w i th an inc reased r i s k  of nec k i n j ur i es i n  
rea r end c o l l i s iona . 

The duration of the neck symptoms caused by rear end co l l i s ions 
seems to corre l ate w i t h  the degree to which the impacted c a r  
w a s  defo rmed , a s  e xpres sed b y  t h e  squa re of the max imum perma­
nent defo rrnat ion , provided that one of the rear side rnernbe r s  
h a d  been act ivated . 

I n  theory , the r i s k  of " w h i p l a s h "  i n j u r ies wou l d  decrease i f  
the r e l a t ive rnot io n  of the head a n d  t runk were d i m i n i s hed . The 
hypothe s i s  i s  that t h i a  cou l d  be ach ieved by a l l ow i ng for a 
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contro l l ed p l as t i c  deforma t ion of the aeat backrest a nd rear 
s ide members during the i n it i a l  atage of the impact .  A l es e  
res i l ient seat backrest wou l d  a l so reduce the reco i l  o f  the 
body dur i ng the l atter stage of the impact thereby d im i n i s h i ng 
the r i s k  of hype r f l e x ion i n juries to the cervica l spine . Such 
an a l teration in design , howeve r ,  wou l d  requ i r e  care and 
judgement so a s  not to expose the rear seat occupants to r i s k  
o f  i n ju ry . 

Further stud i e s  on the i n j ury mec ha n i sms and on the i n f  luence 
of the above-ment ioned accident pa rameters wou l d  appear to be 
of great impo rtance . The hypothes i s  that a contro l led seat 
bac krest def l ec t ion might be i n s trumenta l in reduc i n g  neck 
i n j ur i es is a l so worthy of attent i o n . 
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Appendu 

VBBICLB DATA OCCDPART DATA 
--------------------------------------·---------- - - - - - - - - - - - - - - - - · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Case llpactiD9 m I1pact Seat back· Pon· A9e Sei Bei9ht We19bt Avare· 
Mo veh1c1e pulse rest de· t1on neu 

f lection 
11/s )  (de9msl (c1) 1 kg) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · - - - - - · - - - - - - - - - - - · - - - - - - - - - · · · · - - - - - - - - - - - - - - - - -

1 bus 16 atiff >15 dnver 46 HD 182 88 unclear 
2 bus 16 st1f f 1 1 - 1 5  f r  pau 42 HD 184 86 DO 
3 car 16 soft 0 dnver 5 1  HD 181 82 yes 
4 car 1 3  stiff 0 driver 23 aan 183 73 DO 
5 car 16 stif f 0 driver 5 1  HD 179  7 1  Do 
6 car 1 2  stif f 1 1 - 1 5  dnver 49 ND 185 87 no 
7 car 1 2  st1f f 1- 10  f r pau 38 aan 186 88 no 
8 car 1 9  stif f 1 1 - 1 5  dri ver 47 IUD 181  90  no 
9 car 19 st1ff 0 dri Yer 22 aan 186 75 DO 

1 0  car 17  st1f f 0 driver 51 HD 173 100 DO 

1 1  car 1 3  st1f f 1- 10  driver 34 aan 172  77 yes 
1 2  car 5 st1f f 0 dri ver 36 IUD 182  69  no 
1 3  car 10  st1f  f 1 · 1 0  driver 62 HD 179  85 DO 
14 car 19 st1f f 1 1 - 1 5  dnver 61 HD 1 7 3  7 3  f el 
1 5  car 1 9  st1ff 0 fr pa11 59 voHn 167 61 DO 
16 van 24  soft 1 1 - 1 5  dri ver 42 VOHD 176  65 yea 
17 car 22 st1ff HO dnver 34 voHn 163 50 no 
18 car 27 st1f f > 1 5  dnver 60 IUD 176  76  no 
1 9  car 27 stif f > 1 5  f r pa88 59 voHn 164 57 no 
20 truck 9 soft 0 dri ver 50 IUD 171 78 no 

2 1  car 24 st1ff 0 driver 11 aan 168 72 no 
22 car 20 soft 0 dri ver 19 aan 184 74 DO 
23 car · 20 soft 0 fr pua 20  Hn 187 90 no 
24 car 1 1  st1ff 0 driver 46 aan 182  70 no 
25 car 9 st1ff 0 driver 36 HD 176 11 no 
26 car 18 st1ff  H O  dnver 36 aan 194 87 yea 
27 car 9 1tiff 0 driver 54 1an 156 63 1es 
28 car 9 stif f 0 f r pau 86 voaan 153  57  DO 
29 car 9 stif f 0 dnver 41 Hn 188 70 DO 
30 car 1 5  stif f 0 dri ver 49 IUD 1 7 2  7 0  yes 

3 1  car 18 stiff 1 1 - 1 5  driver 28 ND 175  70  no 
3 2  car 16 st1f f 1- 10  dnver 64 aan 177  83 DO 
3 3  car 1 6  stif f H O  f r pua 61 voaan 164 70 no 
- - - - - - - · · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · - - · ·  
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Appendi1 (continuedl 

OCCDPUT DATA IRJlJRt DATA 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · - - - - - - - - - - - · · - · · ·  - - - - - - · - · · · · - - - - - - - - - - · - - - - - - - - - · · · · - - - - - - - - · · · · · - · · ·  

Caae Body Body Rud Bud-head Hud-head Dia9no1i1 Dia9no1i1 Duration Injury 1echm11 
Mo poll toraioD tor11on rutraint rutraint acute one year of sy1p- (LegeDd below) 

tion hor1iontal vert1cal to1s 
diatance diltance d=days 
(c1l (Cl)  1=10nths 

· · · · · - · - - - - - ·· · · · · · · · · · · · - - - - - - - - - - · · · · · · - - - - -- - - - - - - - - - - - - - - - · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 upright nght right 8 1 4  DIS DIS Od 3 
2 forward neutral unclear 23 1 2  TNS TIS > 1 21 1 
3 backward neutral neutral 7 1 5  CS es ) 121 1 
4 backward neutral neutral 8 1 4  DIS DIS 0-7d 1 
5 backward neutral neutral 5 8 DIS URS 0-7d 1 
6 backward neutral neutral 6 1 2  URS DIS 0-7d 1 
7 upn9ht neutral lef t 6 10  TIS UIS 0-7d 2 
8 backward neutral lef t 10  10  UNS DIS Od 2 
9 backward neutral neutral 18 17 CS TIS > 1 21 1 

l 0 backward neutral neutral 16 6 TMS DIS > 1 21 1 

1 1  upright neutral neutral 9 5 TIS URS 7-30d 1 
1 2  upnght neutral neutral 17  7 TIS CR > 1 21 1 
1 3  upn9ht neutral neutral 1 2  1 3  CS CS > 1 21 1 
14  backward ri9ht rigbt 10 6 CR URS 4-111 3 
1 5  backward neutra 1 neutral 0 4 TIS URS 7-30d 1 
16 backward neutral neutral 9 10  TIS TIS ) 121 1 
1 7  backward neutral left 4 4 UIS URS 7-30d 1 
1 8  upri9ht neutral neutral 6 1 3  UIS DIS 7-30d 1 
1 9  upn9ht neutral neutral 10  3 TIS UMS 1-31 1 
20 backvard neutral right 6 6 DIS DIS 0-7d 1 

2 1  upn9ht neutral neutral 8 s DIS UIS 0-7d 
22 backvard neutral neutral 9 1 3  DIS DIS 0-7d 
23 backward neutral neutral 10  1 5  TIS DIS > 1 21 
24 upri9ht neutral right 10  1 2  TIS TIS > 1 21 
25 forn rd neutral neutral 7 10  TIS UIS 7-30d 
26 upri9ht rigbt n9bt 7 20  TIS DIS o-7d 
27 upright neutral right 5 1 DIS DIS Od 
28 upri9ht neutral neutral 5 3 TRS HS > 1 21 
29 upright .eutral neutral 6 9 URS UIS o-7d 
30 upn9bt neutul ri9bt 3 1 1  ns DIS 0-7d 

31 unclear left left 8 1 1  CS CS > 1 21 
32 upnght neutral neutral ? ? CS • es > 1 21 
33 upn9ht neutral neutral ? ? UIS DIS Od 
- - - - - · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · · · ·  

Bead-head re1tra1nt Injury 1echani11 
- - - - · - · · · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·- · - · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ror1zontal d1stance Yert1cal d11tance 1 Bypemten1ion 

�!l ~ 
2 Rypere1tea1ioD + lateral bending to the lef t 
3 R7pere1ten11on + lateral bend109 to tbe right 
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