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Three s tudies  pub l i s hed over recent years deal with the force at s hou l der  l e 
vel  of  be l ted occupants i n  fronta l  col l i s i ons : 

L . M .  Patri c k  ( l ) x , fo l l ow i n g  reconsti tuti ons of  rea l  acci dents u s i ng dummi es , 
determi nes the to l erance t h res ho l d  ( 50 % of  occupants hav ing  an AIS  3 )  at 
858 daN ( 1930 l bs )  measured  a bove the shou l de r .  

- N . H . T . S . A .  ( 2 ) , based o n  research i nvesti gati ons conducted with  cadavers , 
has s uggested a shou l der  force l i m i t  o f  534 daN ( 1 200 l bs ) . 

J . Y .  Foret- ßruno ( 3 )  has  ana l ysed 92 bel ted occupants i nvol ved i n  front a l  
co l l i s ion , havi ng a force l i mi t i n g  devi ce between the shoul der and the u pper 
a nchorage poi nt of the shou l der bel t .  He o bserves that the l ess than 30 year 
o l d s  wi thstand a shoul der force of 740 daN wi t h  no thoraci c i nj u ry ,  whereas 
beyond 50 years o l d ,  one be l ted  occupant out  of  two r i s ks one or more thora
c i c fractures at the 450 daN threshol d .  F i na l l y ,  he veri fies  the under-e s ti 
rnat i o n  fo r l i vi ng peop l e by tests conducted wi th  cada vers . 

The present research i nvesti gati on i s  a l so based on data acqui red from obser
vi n g  force l i mi t i n g  devi ces fi tted in Peugeot-Renau l t  3-po i n t  s tati c bel ts . 
l t  i ncorporates 1 1  new case s . Stress i s  l a i d  on those shou l der  force thres
ho l ds where the fi rs t thora c i c  f racture a ppears , accord i ng to age . 

Above a l l ,  the study a ttempts to quan t i fy per age group the r i s k  of thora c i c  
fracture due to the bel t for the front occupants i nvol ved i n  rea l  frontal  co l 
l i s i ons , the v i o l ence of  whi ch i s  eval uated by the variat ion  i n  vel oci ty of  
the  front occupant , and  the  mean decel erat i on of  car  mean � .  
The p l a n  i s  as fo l l ows : 

1 - Shoul der force va l ue s  and  asses sment of  thorax a ccord ing  to age , 

2 - Shoul der force v a l ues a ccord i n g  to v i o l ence o f  frontal col l i s ion  ( di agram 
l:::i.V ,  mean � ) ,  

( x )  - Parentheses refer to the b i b l i ography a t  end of pape r .  
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3 - Ri s ks , per age group , o f  goi ng beyond the force thresho l d  at whi ch bel t
i nduced ri b fracture appears i n  real frontal col l i s i ons . 

Veri fi cati on on a sampl e of 227  bel ted occupants . 

DEVELOPMENTS AND RESULTS 

1 .  SHOULDER LOAD VALUES AND ASSESSMENT FOR THORAX ACCORDING TO AGE 

Metho d :  The shou l der  l oad 1 eve1 for l i vi ng s ubjects i s  suppl i ed u s  from 
accidents i nvo l vi ng wearers o f  stati c ,  3-poi nt  be l ts as fi tted to Peugeot and 
Renau l t  standard product i on cars sol d  i n  France , from 1970 to 1977 . 

These bel ts have a l oad- l i m i t i ng dev i ce l ocated between the shoul der and 
the upper anchorage poi n t .  

Three d i fferent l o ad- l i mi t i ng systems were fi tted s uccess i ve ly  to the cars 
as shown i n  the photos ( fi gure 1 ) , whi ch exh i bi t  them before and a fter the i m
pac t .  

Type A - Load l i mi ter w ith 5 di fferent l engths of band : the mean l oad va
l ues from Ist .  to 5th. bands a re as follows : 

Band No lst  

Break i  no l oad 
( i n  daN )  2 10  

2nd 3rd 

385 325  

4th 5th 

400 440 

Type B - Load 1 imi  ter 111i th 5 bands o f  equa l 1 engt h :  the mean va l ues are 
considerably higher :  

Band No lst  

Breaki  ng  l oad 
( i n  da N )  740 

2nd 3rd 

720 750 

Type C - Tear webbi ng : tri ggeri ng  pea k :  550 daN . 

4th 5th 

800 800 

Important remar k :  when a l l the shock-absorbi ng  mater ia l  has been used ( 5  
broken bands for types A and B ,  comp l e te ly  ri pped tear webbi ng  for type C ) , 
the l oad undergone by the shou l der  was at l east equal to the maxi mum val ue 
s tated for the type of l oad- l i m i t i ng dev1 ce i n questi on . The l oad val ue taken 
i nto account i s  not the exact val ue but a 1 1threshol d 11 va l ue . 

LOAD MEASUREMENT for a bel ted occupant i n  an  acc ident i s  conducted taki ng 
account of the above-menti oned va l ues . The val ues shown henceforth i n  th i s 
s tudy are corrected i n  accordance w i th occupant mass , i n  compl i ance wi th the 
equati o n  suggested by Eppi nger ( 4 )  and wh i ch we wou l d  state once aga i n :  

F F 75 k 213  
corrected shoul der = measured shoulder  ( occupant �ass ) 

103 bel ted occupants i n vol ved i n  frontal co l l i s i ons had thei r shoul der forces 
determi ne d .  The fo l l ow ing  condi t i ons were sat i s f i ed : 
- at l east one band broken , whether i t  was a type A or B l oad l i m i ter ,  or be

g i n n i n g  o f  tear i ng  of type C l i m i ter , 
- age and wei ght known , 
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- no thorax  contact w ith  an e l ement other than the bel t  i tse l f for occupants 
sufferi ng thorax i nj u ri e s . 

Col l ati ng the force val ue sustai ned by the occupant and the assessment of  tho
rax i nj ur i es i f  there a re any accord i ng to the age enables the ri b fracture 
r i s k  thresho l d  to be defi ned per age g roup . 

RESULTS - Fi gure 2 shows the corrected shoul der force accordi ng to age for 
the 103 bel ted occupants havi ng  a materi a l  shock-absorbe r ,  i nvol ved i n  a fron
tal col l i s i on .  Pos s i b l e  cases of r i b  fractures a re a l so s hown . 

The 2 4  tri angl es i nd i cate that the i ni ti a l  meas u red  �orce val ue i s  caused 
by the mater i a l  shock-a bsorher the 5 bands of wh i ch have broke n .  These be l ts 
have therefore wi thstood a greater force than the break i n g  l oad  of the 5th . 
band . 

The dash  l i ne connects those bel ted occupants who , i n  each age group ,  have 
the h i ghest shoul der force wi th no fracture of the thora c i c  segment . Thi s l i ne 
separates , as best i t  can , the 1 1  cases wi th ri b fracture from the 92 cases 
wi th no fracture . However ,  2 of the 4 cases w ith  fracture are s i tuated be l ow 
thi s l i ne . 

The fi rst case ( 2 5  years o l d ,  840 daN )  sustai ned 5 ri b fractures . I n  the 
rea l acci dent , he broke the 5 materi a l  shock-absorber bands ( type A ) . Th i s  co l 
l i s i on was accurate ly  reconsti tuted u s i ng  cadavers . The corrected s hou l de r  l oad  
was 840 daN . However ,  the  cadaver seated behi nd the  subject  was  not so heavy a s  
i n  the real acci dent . Deformat i o n  o f  t h e  upper anchorage poi n t  was l es s  consi 
dera b l e  i n  the reconsti tuti on than i n  the rea l acc i de n t .  These i nd i cat i ons make 
us thi n k  that the l oad of  840 daN i s  the l ower s houl der l oa d  l i mi t effecti ve ly  
wi thstood by th is  young bel ted occupant .  

I n  the second case ( 54 years o l d  - 440 daN ) , the corrected l oad i s  exact . 
The case of  the be l ted occ�pant of  same age i n  the nei ghbourhood of  thi s  obser
vat i on ( 54 years o l d ,  470 daN) shows that we a re i n  an a rea where , for s i mi l a r 
age and l oads , the thora c i c  res ponse i s  the resu l t ,  among others , of the d i ffe
rence i n  tol erances between i nd i vi dua l s .  

Among  the 1 1  fracture cases , 5 underwent the harmful overl oad of the rea r  
adu l t occupan t .  These were : 
- the 3 be l ted occupants under 45 years of age , 
- 2 cases of fl a i l  ehest ,  the vi ctims bei ng 75  and 42  years o l d .  

l t  wi l l  be seen i �  what fo l l ows that i t  i s  probabl e  that  w i t h  no over l oa
di ng due to the rear  occupant , the 3 v i ctims l es s  than 45 years o l d  wou l d  not 
have run the ri s k  of r i b  fracture , see i ng the v i o l ence of the co l l i s i ons i n  
whi ch they were i nvol ved . 

Age 

2 1  
24 
42 

Corrected l oad  
( da N )  

930 ) 1 ower 
800 ) l i mi t 
840 

lJ V 
( km/hr)  

53  
53  
40 

1) Mean Proba b l e  l oad area ( x ) 

( g )  ( da N )  

1 3  6 5 0  - 900 
1 3  650 - 900 
1 1  500 - 650 

FRACTURE THRESHOLDS FOR L I V E ,  BELTED  OCCUPANTS ACCORD I NG TO AGE - They can 
be si tuate d  as fol l ows : 

< 35  years o l d :  900 daN 55 to 64 years o l d :  350 daN 
35  to 44 years o l d : 650 daN  � 65 years o l d :  250  daN 
45 to 54 years o l d : 500 daN 

( x )  s ee fi gure 3 
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The rel i abi l i ty of  such an est imate res i des i n  the number of  observati ons i n  
the nei gh bourhood o f  the l oad threshol d  s uggested for a g i ve n  age group . The 
h i ghest uncerta i n ty i s  for the 35-44 years o l d  age grou p .  

One must be careful o f  the fact that they are threshol ds for the appearan
ce of  j u s t  one ri b fracture and not fl a i l ehest ( a t  l east  3 consecuti ve doub l e  
ri b fractures ) ,  wh ich  s i tuates the rea l l i mi t o f  thoraci c tol erance . For i nfor
mat i on ,  we wou l d  men t i on that Foret-Bruno ( 3 ) , based on Eppi nger ' s  ( 4 ) res u l ts 
obta i ned w i t h  cadavers , s hows how wi de the d i fference i n  l oad i s  between the 
moment l s t .  and 7th. r i b  fractures appear depend i ng or. age . The d i fference i s  
370 daN for 35 year-o l d ,  290 daN for 45 year-o l d ,  240 daN for 5 5  year-o l d  and 
180 daN dor 65 year-ol d .  

Let us now s ee to what col l i s i on v i o l ences corres pond the l oad thre s ho l ds 
per age group . 

. 2 .  SHOULDER LOAD VALUES V ERSUS FRONTAL COLL IS I ON V I OLENCE (D IAGR.l\M 6.V , MEAN X) 
Metho d :  The fronta l col l i s i on v i o l ence parameters ( 6. V  and mean o )  are e s 

t i mated in accordance w ith  a method a l ready stated ( TARR I ERE e t  a l . ( 5 ) ) .  We 
now want to fi nd at  what col l i s i on v i o l ences s hown i n  the 6. V , mean � d i agram 
correspond the d i fferent shou l der l oad val ues rel ated to the appearance of ri b 
fracture for each o f  the age groups under con s i derat i o n .  

To draw up such a graph req u i res each observat ion  used t o  sati s fy further 
cond i t i on s .  

- The measured  va l ue mus t  be exact . We must therefore reject those be l ted  
occupants for whi ch a l l the break i ng capaci ty o f  the ma ter ia l  shock absorber 
has been used , and who may have susta i ned a l oad greater than the maxi mum brea
k i ng thresho l d .  

- IJ.V and mean � mus t  be known . 
- The be l ted  occupants under cons i derat ion  shou l d  r.ot have s uffered over-

l oad i ng  due to rear occupan t ,  sub-ma ri n i ng ,  wear i ng a man i fest ly  too- l oose 
s tat i c be l t  . 

These condi ti ons  reduce from 103 to 29 the number o f  bel ted occupants that 
can be used for t he graph . 

Ta k i n g  account of the end we are work i ng towards , i t  has become necessary 
to resort to s imi l ar resu l ts acqui red i n  experi ments pro v i ded that the v i o l ence 
of  the co l l i s i ons i s  comparab l e  to that observed i n  real acci dents . The fol l o
wi ng  were used : 

- 1 2  cadavers s temmi ng from co l l i s i ons conducted by the Peugeot- Renaul t ( 6 )  
La bora tory , 

- 62 dumm i es s temmi ng from col l i s i ons conducted by the Renau l t and Peugeot 
test deQa rtments ( not publ i s hed ) ,  

- 54  dumm i e s  s temm i ng from tests conducted by Patri ck ( 1 ) ,  
- 4 re s u l ts acqui red from an Ameri can vol unteer wi th no bel t  pre-tens i o -

n i ng ( 7 ) . 
The e s ti mation  o f  the col l i s i on v i o l ence shown i n  the /J.V , mean � d i agram , 

and correspond i ng to the d i fferent shoul der l oad l i m i ts per age group , i s  i n  
short effected on a samp l e  o f  1 6 1  bel ted  occupants . 

RESUL TS - F i  gure 3 ,  1 1 ö V ,  mean � 11 d i  agram shows the shou l  der 1 oad ( correc
ted va l ues ) for the 1 6 1  be l ted occupants . The v i o l e nce of the previ ou s l y  sta
ted l oad thresho l d s  i s  as fol l ows : 
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Load thresho l d  
( daN )  

900 
650 
500 
350 
250 

Mean col l i si on v i o l ence 
.6Y( km/hr )  � ( g )  

� 60 
;;>- 45 
,> 34 
� 25 
). 22 

� 14 . 7  
:> 1 1  

� 9 � 6 . 5  

� 5 

l t  i s  obvious that a greater number of observati ons wou l d  have been prefe
rable and that,  consequentl y ,  these res ul ts shou l d  be rega rded cauti ous ly . 

I n  sp i te of consi dera b l e  scatteri n g  about the c l ass , each l oad c l ass counts 
practi ca l l y one case out of two among the bel ted occupants , the shou l der l oad 
of whi ch corresponds to th i s  cl ass as shown i n  the fo l l owi ng  tab l e :  

Load cl ass Number sati sfyi ng Number per l oad cl ass ( da N )  
( da N )  l oad cl ass ( N� l 6 1 ) 

250 250 to 350 to 500 to 650 to 900 
349 499 649 899 

250 1 1  5 3 3 0 0 0 

250 to 349 5 0 3 1 1 0 0 

350 to 499 38 0 10  1 8  7 3 0 

500 to 649 40 0 0 2 2 1  1 6  1 

650 to 899 58 0 0 0 13 37 8 

900 9 0 0 0 0 3 

Scatteri ng observed on  the corrected shoul der l oad val ue can be exp l a i ned 
here by four series of  factors that i t  has not been poss i bl e  to take i nto ac
count up ti l l  now i n  our acc i dent i nvest i gati o n .  They concern :  

6 

- the car :  dece lerati on profi l e  of car (wh ich  vari es furthermore dependi ng 
on the type of  obstacle  and the vel oc i ty ) , 
the geometry of be l t  anchorage poi nts , 

- the c l a ss i c  " 3 - po i n t "  be l t  ( s tati c/reel ) :  
how we l l  bel t i s  worn ( even i f  consi dered correct)  ( i mportance 
of 1 1bel ted occupant/car11 l oop) ; 

. tech n i ca l  c haracteri sti cs of bel t ( stretch , dynami c  response 
curves ) .  

- the bel ted occupant : 
. morphol ogy of bel ted occupant ( wei ght  bei ng equal ) ,  
. thorax strength . 

- the obstacl e :  
strength o f  ohstacl e ( al ready stated s i nce i t  i s  taken i nto 
account i n  the car decel erati on profi l e ) , 
col l i s i on angl e ( and angle  of bel ted occupant d i spl acement
thorax s l i d i ng under shoul der bel t ) . 

The overl oad due to the rear occupants , " s ubmari n i ng "  and i nt rus i on pheno
mena a l so a ffect shoul der l oad , but these cases have been excl uded from the 
present analys i s .  
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Let us now exami ne the ri sks  of goi ng beyond the l oad threshol ds ( for ri b 
fracture ) i n  real acci dents per age grou p .  

3 .  R I SKS PER AGE GROUP O F  EXCEED I NG THE LOAD THRESHOLD AT WH ICH BELT- I NDUCED 
RIB FRACTORE APPEARS IN REAL FRONTAL COLListoN. 

Method : for each age group , the probabi l i ty i s  cal cu l ated of exceedi ng the 
r i s k  of a s i mp l e  r i b  fracture by referri ng to the occupant acci dent frequency 
( i n  each age g roup )  havi ng a greater or l ower v i o l ence than that whi ch causes 
the cri ti ca l  restra i n t l oad for the age group they bel ang to . 

For th i s  eval uati on , we have 1 134 front occupants at our di sposal  (whose 
ages are known ) i nvo l ved i n  frontal col l i s i on and c l a s s i fi ed i n  /lV , mean � .  
The cases i ssue from the mu l ti purpose i nvesti gati on conducted s i nce 1970 by 
the Peugeot-Renau l t Assoc i at ion  ( 8 ) . 

T h i s  ri s k  est imati on i s  veri fi ed on the sub-samp l e  of 227  bel ted occupants 
who have su ffered nei ther notabl e i ntru s i o n  nor rea r  occupant overl oad . 

1 

The threshol ds o f  i n i t i a l  r i b  fracture per a ge group i n  the 11 6 V ,  mean 't " 
di agram were defi ned i n  the previ ous chapter for bel ted occupants wei g h i n g  
75kg . These threshol ds must be corrected to take account of  the rea l  a verage 
wei ght  of the front occupants per age group ( correction  made usi ng the 2402 
front occupants i n  our  i nves t i ga t i on , of whom we know the age and wei ght ) . 

The shoul der l oad correcti on i s  made by app ly ing  the Eppi nger equat ion . 
F i na l l y ,  the new thresho l ds are defi ned i n  the 11 !:::.V ,  mean � lt di agram by 

i n terpo l ati ng wi th  rel at ion  to the resu l ts obta i ned for 75  kg . 
The resu l ts a re shown i n  the fol l ow ing  tab l e :  

Age group Average we i ght Shoul der l oad ( da N )  
(years ) ( kg )  7 5  kg for a verage 

wei ght  

< 35 6 2 , 8  900 800 

35 - 44 66 , 1  650 600 

45 - 54 6 7 , 3  500 465 

55 - 64 6 8 , 3  3 50 330 

> 65 6 7 , 5  250 235  

Thres hol d i n  
II llV ,  

55 

42 

32 

24 

2 1  

mean '6 lt 

1 3 , 5  

1 0  , 5  

8 , 5  

6 , 2  

4 , 9  

l t  can be seen , fo r examp l e , that i n  a rea l  frontal col l i s i on , the � V  
l i m i t  55 km/ h r ,  and mean dece l e rat ion 1 3 . 5  g i s  a l i mi t not to be exceeded for 
young peopl e  l es s  than 35 wi thout run n i ng the r i s k  of a bel t- i nduced ri b frac
ture . 

We a re now tryi ng  to fi nd the theoretical  frequency of the bel t-i nduced 
ri b fractu re r i s k  per age group for those i nvol ved i n  rea l  frontal col l i s i on .  

RESU LTS - The Peugeot-Renau l t  1 1acci den t 11 i nvesti gation i ncl udes 1 1 34 front 
seat occupants , whether be l ted or not,  whose age and frontal col l i s i on v i o l en 
c e  ( .6V , mea n  <5 ) are known . 

The s i tuati on of each of  the 1 1 34 occupants i s  compared with regard to age 
and frontal col l i s i on v i o l ence , w i th the l i m i t  of v i ol ence ( rel a ted to age)  
cor res pond i ng to  i n i ti a l , be l t  i nduced r i b  fractui·e . 

The resul ts a re shown i n  the fol l owi ng tabl e :  
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Age Group Percentage 
(years ) i nvol ved 

< 35  59 •1 , •  

35 44 18 ·:' '" 
45 - 54 13 'X 
55 - 6 4  6 ., 

> 6 5  4 0/ 
'·' 

Tota l : 100 % 

Rel at ions h i p  between those exceedi ng the thresho l d  
(of  i n i ti a l be l t- i nduced r i b  fracture) with  a l l  
those i nvol ved .  

- Invol ved - - Percentage -

24/666 4 % 
20/ 198 1 0  % 
38/ 1 5 1  25 % 
22/70 3 1  % 
28/49 5 7  % 

1 3 2/ 1 1 3 4  1 2  % 

l t  appears that 88 % of front occupants i nvol ved i n  a frontal col l i s i on do 
not run the r i s k  of be l t- i nduced thorax fracture . Th i s  ri s k  vari es consi dera
bly depend i n g on age . 

The r i s k  i s  on ly  4 � for front occupants l ess than 3 5 ,  who represent 60 % 
of front seat occupants . Over 65 , one occupant out of two ri sks  one or more 
thorac i c  fractures . Luck i l y ,  they represent on ly 4 % of front occupants . 

One must he ca re fu l  of the fact that too - l ow a shou l der l oad l i mi tat ion  
obta i ned by i ncreas i n� the  stoppi ng d i s tance wou l d  penal i ze the  more to l erant 
bel ted occupa 11ts . The l a t te r ,  who are by far the greatest numbe r ,  wou l d then be 
exposed to 111ore frequent i mµacts wi th the passenger compartment uni  ts . 

Sub-samp l e  of bel ted occupants and the i r  own - The ri sk  o f  ri b fracture i s  
verified versus age group for the 227 belted front  occupants hav i ng sustai ned 
no cons i dera b l e  i ntrus i on ,  n o  re ar occupant overl oad , and i nvo l ved i n  a frontal 
col l i s i on c l a ss i f ied  as " /J. V ,  mean � " .  

The fol l owi ng  tab l e  g i ves the resu l ts of th i s ana l y s i s  . 

Be l ted occ upants i n vol ved .A.ge group Bel ted occupants i nvo l -
i n  a fronta l  co l l i s i on Corrected l oad thres ho l d  ved i n  fro ntal col l i -
l ess v i o l ent than thresho l d for a verage ma ss o f  age s i on a bove threshol d 

No of cases No o f  i n vo l - group No of cases No of i n -
wi th fracture ved ( X )  L im i t i n  d i agram AV , wi th frac- vol ved mean lS . ture ( % ) 

3 1?4 ? „ < 35 , 800 daN , 55 km/hr 1 5 20 % 
1 3 , 5  g 

2 40 5 <' 35-44 ,  600 daN , 4 2  km/hr ,  0 4 0 % 
1 0  , 5  g 

4 3 1  1 3  P' 4�1-54 , 465 daN , 3 2  km/hr ,  5 8 63% 
8 , 5  g 

1 9 1 1  e• 55-64 , 330 daN , 24 km/h r ,  7 8 88% 
6 , 2  g 

0 7 0 % ) 6 5 ,  235 daN , 2 1  km/hr 3 7 43% 
4 , 9  9 

1 0  2 1 1  5 "' "' TOTAL 16  32  50% 
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Out o f  the 2 2 7  bcl tcd occupa nts , o n l y  26 ( i . e .  1 1  %)  s u s t a i ned one or more 
thor a c i c fractures . Al t hough warnen re present o n l y  35 % of those i n vol ved i n  
front s eats , and a l t ho ugh , o n  a n  a ve rage , they we i gh l es s  than men , we observe 
that they are over -represented amo n g  the 26 bel ted occupants s u s ta i n i n g r i b  
fra c t u re ( 1 6/26 , i . e .  6 2  % ) . Bel ted occupants i n vo l ve d  i n  col l i s i on s  l es s  v i o 
l e n t  t h a n  the t h re s ho l d s corre s po n d i ng to t h e i r age , have one o r  more r i b frac
tures i n  the p roport i on 1 0 / 2 1 1  ( i  . e .  5 %) . 

On the other hand , when the t h re s ho l d  i s  exceede d , the proporti o n  r i ses to 
16/32 ( i  . e .  50 % )  . 

The i de a l  theoreti c a l  p rcport i ons from 0 to 100 % ,  depend i ng o n  whether 
the de fi ned thres ho l d  i s  exceeded or not , a re not obvi ous l y  veri fi ed . 

There i s no need for concern i n  as much a s  s ca t te r i n g  i s  caused by : 
- sma l l samp l e  s i ze ,  
- d i ffe rences i n  we i g h t  wi t h  re l a t i o n  to the a ve rage wei ght o f  each age 

g ro u p ,  
- a p ro b a b l e sma l l e r to l e rance for warne n , 
- re s t ra i n t because o f  knee conta c t . 
Th i s  p a r t l y  e x p l a i n s  why 8 bel ted occupants o u t  of 9 aged l es s  than 45 

s u ffered no r i b  fra c t u re a l though the corres pond i n g  t h re s hol d for thei r age 
was exceeded . 

O n l y  two c a s e s  o f  fl a i l e hes t were recorded out o f  the 227 bel ted occu
pants s t u d i e d ( i  . e .  1 � ) . These were two bel ted occupants over 5 5  i n vo l ved i n  
s e r i o u s  c o l l i s i o ns ( 40 km/ h r - 1 1  g for one , 60 km/ h r ,  1 5  g for the other ) .  

D I S C U S S  I ON 

1 - Spec i fy i n g a corre c t  pa rameter for the thorax i s  a n  i mportant prob l em 
for bi omecha n i c s . A l l occupa n t  p ro t ec t i o n  systems i n  frontal  col l i s i ons , whe
the r they be s a fety be l ts , a i r- ba g s , s t ee r i n g  wheel o r  d a s h - board , a p p l y  for
ces d i rect l y  to the thorax . I f  the head doesn 1 t  h i t  anyt h i n g ,  the cri t i c a l  
part i s  the thora x . 

Spe c i a l i sts agree o n  one po i n t .  I t  i s  d e s i rab l e  for the thorax protection 
cri te r i a to be mea s u re d  o n  the d ummy i t s e l f and to be i ndependa n t  o f  the re s 
t ra i n t system used . 

T h i s i s  not the c a s e  for s h o u l der l oad ( o r l o ad a t  upper bel t a n c horage 
poi n t )  w h i ch i s  c l o s e l y  rel ated to 3 - p o i n t  bel t technol ogy ( s t a t i c  or reel ) ,  
ha v i n g a 5 to 6 cm wi de s h o u l de r bel t .  

The re s u l ts re l a te d  t o  the shou l de r  force are not a p p l i ca b l e  to w i d e  or 
i n fl a ta b l e  s hou l der b2l ts , a n d  e ve n  l es s  to a i r-bags . As they are 11pretens i on "  
bel ts , o n l y  those d a ta re l a t i n g  to the s ho u l der l oads correspondi ng to the 
i n i t i a l  t h o ra c i c  fra c t u re th re s ho l d s accord i ng to age rema i n  val i d  ( fi g u re 1 ) . 
Preten s i o n b e l ts l ower the l e vel  o f  s h o u l der l oa d  fo r a g i ven set o f  v i o l ence 
and we i g ht con d i ti o n s . 

S h o u l der l oa d ,  o r  upper bel t a n c horage po i n t l oa d , i s  re l ated to the 3-
po i n t bel t te c h no l o gy .  Not bei n g  mea s u red on the d ummy , t h i s  parameter cannot 
be reta i ne d  as a thorax p rotect i o n cri teri on . 

l t  rema i n s  w i t h  b i ome c h a n i c s to defi ne the pa rame ter w h i c h  mo s t  a ccurate l y  
refl ects hu1r. 0 n  respon s e , t 0 k i n g  i n to account t h e  o bservati ons for l i ve bel ted 
occupants . The p re s e n t  rropo s a l s  concern the tota l 1 oad , the l oa d  per u n i t  
a re a , t h e  d e f l ecti on or a ny i n dex de ri ved from the dece l era t i o n / t i me cu rve re
corded wi t h  a n  acce l e rome ter l ocated i n  dummy thora x . 

Recons t i t ut i n g real  a c c i dents us i n g dumm i e s  and ca d a ve rs , p l us the work 
conducted on c h a r a c t e r i z i n g the cadaver bone cond i t i on , s h o u l d e na b l e the re 
q u i red corre s pondences between the thora c i c  responses o f  l i ve occupants , cada-

59 



vers and dummi es to be establ i s hed . 
2 - Stati ng i nj u ries  u s i n g  the Abbrevi ated I nj ury Sca l e  ( 9 )  exagerates the 

seriousness of a l arge number of cases by a s s i gn i ng  a degree 3 to 3 ri b frac
tures ( or  s ternum or cl avi c l e  fracture s ) . Out of 2 2  bel ted occupants s howi ng 
only  one or two thorac i c  fractures and  coded A IS  3 ,  9 were not admi tted to hos
p i ta l , 12  were admi tted to hos p i ta l  for l es s  than 9 days and 1 s tayed i n  hos
p i ta l  fo r 1 8  days . The ari thmeti cal mean is 3 days i n  hos pi tal . The i njuries , 
from the s tandµo i n t  o f  seri ousness expressed by A I S ,  showed the s ame severenes s  
of i nj u ry as those who suffered head i njury w ith  d i sp l aced fracture o f  the 
s k ul l ,  the therapeut i c  d i ff icu l t i es of whi ch we know o f ,  as wel l as the ri s k  o f  
a fter-effects . Thi s l ack of eonsi stency means general overesti mati on o f  the 
seriousness  of one or two r i b  fractures . I t  i s  proposed to re v i ew thi s  po i nt 
and  to repl ace i t  w ith  the fol l owi ng sca l e :  

Al l owab l e  l eve l s :  

Leve l s  at w h i c h  
p rotecti on i s  
sought :  

CONCLUS I ONS 

A I S  1 - One or two r i b  fractures 
AIS 2 - From 3 to 7 ri b fractures , or  fracture of the s ter

num or the c l avi c l e ,  associ ated or not wi th a num
ber of r i bs l owe r than 4 .  

A I S  3 - Fl a i l  ehest with  no d i s p l a cement . At l east  3 conse
cuti ve dou b l e  ri b fractures or  more than 7 ri b 
fraetures . 

A I S  4 - Fl a i l ehest w ith  d i sp l acement . 
A I S  5 - F l o i l  ehest requ i ri ng respi ratory a i d .  

1 - The l i mi t shoul der l cad wi thstood by the bel ts correspondi ng to the 
a bsence of thorae i c  fracture ( fi tted wi th c l a ss i c  "3-po i n t "  bel ts ) vari es de
pending on age . The es timate of the l i m i t l oad ( corrected for a wei ght  o f  75kg ) 
pe r age group i s  as fol l ows : < 3 5 years ol d :  900 daN , 3 5  to 44 :  650 daN , 45 to 
54 :  500 da N ,  55 to 64 :  350 daN , � 6 5 :  250 daN . 

2 - Seei ng the average wei ght per age group , we can est ima te that the r i s k  
of i n i t i a l , bel t- i ndueed t horac i e  fractureoccu rs , at  the present ti me ,  a t  the 
fo l l owi ng ( D. V ,  mean � ) v i o l ence thresho l ds : < 35  years o l d :  55 km/h r  and 
1 3 , 5  g ,  35 to 44:  42 km/h r  and 1 0 , 5  g ,  45 to 54 :  3 2  km/ h r  and 8 , 5  g ,  55  to 64 : 
24 km/ h r  and  6 , 2  g ,  �� 6 5 :  2 1  km/ hr and 4 , 9  g .  

3 - The pe rcentage of front occupants i nvo l ved i n  frontal col l i s i o n  per age 
g roup i s  as fo l l ows : < 35 years o l d :  59 %, 35  to 44: 18  %, 45 to 54 :  13 %, 5 5  
to 64 :  6 % , � 6 5 :  4 % • 

4 - 88 % of front occupants , whether bel ted or  not , are i nvol ved i n  fronta l 
col l i s i ons the v i o l ence o f  whi ch i s  l ower than the d i fferent threshol ds ( re l a 
ted to age )  o f  i n i t i a l , be l t  i nduced thoraci c fractu�e ( i n  the absence of over
l oadi ng by rear  occurant ) . 

I t  shou l d  be under l i ned that front occupants l es s  than 35  years o l d  not 
atta i n i ng the thres hol d  of i n i t i a l  ri b fracture ( 800 daN for 62� 8 k g ,  or  agai n 
900 daN for 75 kg , i . e .  55  km/ h r ,  1 3 . 5  g )  represent on the i r  own 55 % o f  a l l  
front occuponts i nvol ved i n  fronta l  col l i s i ons . 

5 - The r i s k  of one or  more be l t- i nduced thoraci c fractures vari es cons i de
rably depend i ng on age . The probabi l i ty i s  4 % for the l es s  than 35 year o l d s , 
10 % from 33 to 4 4 ,  25 % from 45  to 5 4 ,  3 1  % from 5 5  tc 6 4 ,  5 7  % for the 65 year 
o l ds and more . 

6 - Be l t- i ndueed fl a i l  ehest i s  rare ( 1% ) . Out o f  227  bel ted front seat 
occupants i nvol ved i n  frontal  col l i s i ons rated as 11 /J.V , mean � 1 1  and  not ha-
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v i ng suffered a ny notab le  i n trusi on or  overl oadi ng by rea r  passenger , only two 
cases of fl a i l  ehest were observed fo r persons age more than 55 . 

7 - An i nj ury cri teri on based on 11 shou l  der force or  upper be l t  anchorage 
poi nt force " i s  cl osely re l a ted to the technol ogy of 3-po i nt bel ts havi ng a 
5 to 6 cm wi de shoul der bel t .  Such a c r i ter ion  i s  not appl i ca b l e  to the other 
restra i nt systems . Di rect measurement on d ummy shou l d be p referred as a cri te
r ion . 

8 - Reconst i tuti ng rea l acci dents u s i ng d umm i es and cadavers , pl us the work  
conducted on eha racteri z i n g  the cadaver bone cond i t i on , s houl d enab le  the re
qu i red correspondenees between the thora c i c  responses of l i ve occupants , cada
vers and dummi es to be establ i s hed . 

9 - Sta t i n g  thorac i e  bone i nj ury i,.1i th the Abbrev i ated  I nj u ry Sca l e  exagera
te s the seri ousness of a l arge number of eases by ass i gn i ng a degree 3 to 3 
ri b fracture s .  A s e a l e  i s  proposed whereby degree 3 wou l d be attai ned for fl a i l 
ehest wi thout d i sp l aeement or more than 7 ri b fractures . 

ALL I N  ALL , the r i s k  of ri b fraeture by the shou l der bel t i s  l ow ,  i n  the 
reg i on of 1 2  % .  The ri sk  i s  on ly  1 % for these i nj u r i e s  to be seri ous enough 
to achi eve fl a i l  ehest wh i ch a l one s hows any real character of seri ousnes s .  

Fl a i l ehest i s  susta i ned by o l d  peopl e  whose to l erance i s  three t i mes l es s  
than for young peop l e  ( meas urement of shoul der l oad ) .  To protect wou l d  requ i re 
very l ow shou l der l oa d  l evel s ,  wh i ch wou l d  benefi t i n  no way the l arge major i 
ty of bel ts a s  young peopl e wi thstand the i mpact much better . 
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