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ABSTRACT 

A review is  made of field data avai lab l e  on injuries sus tained by chi ld car 
occupants when involved in accidents . The results o f  a re cent British study are 
pres ented . The performance of chi l d  res traint sys tems i s  cons idered by 
reviewing s ome experimental tests on chi ld res traints , des crib ing the results of 
tes ts  carried out in the U . K .  and pres enting some case s tudies of accidents in 
whi ch rest rained chi ldren were presen t . 

REVIEW OF ACCIDENT STUDIES 

Moore et a l .  ( 1960) reported on inj ury p at terns to chi ld occupants of vehicles 
involved in rural accidents in America.  A s amp l e  o f  3 1 , 9 2 5  o ccupants of 1 4 , 520 
vehi cles was used ; 9% of the occupan ts were chi l dren ( age less than 1 2 )  and 16% 
were ado les cents ( age 12 - 14) . lt was found that chi ldren had a greater 
frequency of  head injury , 77% of the inj ured chi ldren sust ained a head inj ury , 
compared to 69 % of the adoles cents and 70% of the adults , but that al though 
chi ldren sus t ained more head injuries the injuries were genera l ly o f  a less 
severe nature . l t  was further noted tha t  younger children were more likely to 
r e ce ive s erious injuries than older chi ldren when injured . 

A more recent report from Cornell  (Kihlberg & Gens ler 1967)  cons idered the 
incidence of head injury in rural accidents . The s ample cons isted of  7 1 , 445 
occupants of 3 3 , 83 1  veh i c les . Chi l dren aged less  than 10 yrs accounted for 7 %  
( 4 , 9 2 5 )  o f  the s ample . They reported that children were l e s s  likely to be 
inj ured than an adult in the s ame seating position ;  table 1 gives details  of 
the percentage injured by age and s eating pos i t i on .  The younger chi ld was found 
to be less like ly to b e  injured than the older chi l d  but when inj ured to b e  more 
l ike ly t o  rece ive a head inj ury . Rear seat o ccupants were less likely to b e  
injured than front s e a t  occupants . Although young chi l dren sust ained head 
inj uries more frequently than older chi l dren their  injuries tended to be less 
severe . For fron t  s e at o c cupants the leading cause of inj ury f or the younger 
chi l d  was the instrumen t  pane l ,  and for the o lder chi l d  the winds creen , whi lst  
for  rear seat o ccupants the b ack of the front seat was found to be the leading 
cause of inj ury for b o th age groups . Young chi l dren were more like ly to receive 
cran i a l  fractures and les s like ly to receive facial fractures than o lder chi ldren . 

In b o th the preceeding s tudi es the analyses were performed on data supp lied by 
p o l i ce forces . This approach t o  accident inve s t i ga tion produces a large amount 
of limited data suitab le for gros s s t ati s t i cal analys i s .  Another approach is  
the in-depth inve s t i gation , frequen t ly at  the s cene , of a sma l l  number of  
accidents . The next two s tudies  used thi s  method .  

S i ege l Nahum & Appleby ( 19 6 8) reported on  the injuries received by  chi ld 
occupants in their ·  in-dep th s tudies of accidents in Californi a .  They de fined a 
chi l d  as a person aged less than 1 3  yrs . Forty s ix accidents involving 82 
ch i ldren were used . Thi r ty four of the chi ldren were front seat occupants . The 
chi l dren were d ivided into three groups , the transition from one group to 
another corresponding to the maj or landmarks of a child ' s  physical deve lopmen t ,  
thes e  b e ing : 

83 



- when a chi ld b egins to s i t  up unsupported . This norma l ly o ccurs a t  about 
nine months but for the convenience of analy s i s  was taken as 1 y r .  
- when a chi ld ' s  s tructure approximates to t h a t  of an adul t  and the chi l d  can 
s i t  in a normal car s eat . Thi s  occurs at 4 - 5 yrs and was t aken as 5 yrs . 

A l though the numb er of cases cons idered was sma l l  when compared to the previous 
s tudies reviewed the s ame points emerged . Chi ldren were more lik e ly to re ceive 
h e ad inj uries than adults  when inj ured . Rear s eat occupants were les s like ly to 
be inj ured than front seat occupants . l t  was noted that for rear seat  occupants 
younger chi ldren were more likely to receive serious inj ury than o lder chi l dren 
and it  was s ugges ted that thi s  was because the younger chi ld , with larger head , 
short lower limbs and higher centre of gravity than the o lder chi ld , was more 
like ly to pivo t over the top of the fron t  seat and s trike the roof and wind s creen . 
l t  was obs e rved that lower l imb injuries were more frequent amongs t o lder 
chi l dren . 

Robertson , Mclean & Ryan ( 19 6 6 )  repor ted on the results of an at- the-s cene s t udy 
of accidents in Ade laide , Aus trali a .  A fur ther repor t  by Ryan ( 19 6 8) cons idered 
in more detai l injuries s u s t ained by chi ldren . Achi ld was defined as age less  
than 15 yrs . The f indings of the s t udy were s imilar to the American findings . 
Ryan noted that a greater proportion of chi ldren under 5 yrs occupy the front 
seat than the rear seat . l t  was found that for front seat occupants  chi ldren 
were inj ured less frequently than adults but tha t  there was no dif ference in 
inj ury frequency for rear seat occupants . Head injuries were the mos t frequent 
i n j ury sust ained by chi ldren . Lower limb inj uries were the next mos t  frequent 
inj ury . 

U . K .  ACCIDENTS 

The S ample 

From accidents s t udied by the Accident Res ear ch Uni t  at B irmingham Univer s i ty a 
s ample has b een s e le cted of veh i c le s  in which at leas t one of the occupants was 
less  than 15 yrs old and one of the occupants , not neces s ar i ly a chi l d ,  was 
inj ured . Thi s  age grouping has b een used be cause the definition of a chi ld , as 
used in the n ational accident s t atist ics in the U . K .  is a person ' under 15 years 
of age ' ( D . O . E . 19 73) . The cases were co l le cted us ing at-the-s cene and 
retrospective in-depth inve s t i gations . The methodo logy of accident inve s t igation 
at B irmingham has been des cribed e ls ewhere (Mackay 1969 ) . The s amp le cons ists  
of  103 vehi c les containing 402 occupants  of  whom 178  were chi ldren . F i gure 1 
pnd t aB le 2 give details of the accidents these chi ldren were involved in . 

Occupancy 

Tab le 3 shows the vehicle o ccupancy by t o tal numb er of occupants and number of 
chi ld occupants . The most frequent occupancy pat terns were ; one adul t  with one 
chi l d ,  two adu lts  with one chi ld and two adults with two chi ldren . Thes e three 
comb inations accounting for roughly half the accidents whi lst  in the rest  of the 
cases there were thirteen different occupancy pat t erns . There were four or less  
occupants  in 6 7  ( 6 5 %) of the cases . 

Age and S eating Pos i t i on 

S ixteen 
yrs and 
known . 

( 9 %) of the chi ldren were less  than 1 yr o l d ,  5 1  (29%)  were aged 1 - 5 
9 5  ( 5 3%) were aged b e tween 6 and 14 yrs . In 1 6  cas es the age was not  
Tab le 4 gives detai ls of  the age and sex· o f  the casualt ies .  

Ten ( 62%)  of the s ix teen chi ldren aged less than 1 yr were seated on the lap of 
another person ; e i gh t  of thes e  ten were s eated on the lap of a front seat 
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occupan t .  Two children were lying in carrycots ; one of the caFry cots was on the 
fron t  s e at and one in the back .  One chi ld was s eated in a chi ld s af e ty seat  in 
the centre of the b ack seat . 

Six  chi ldren in the 1 - 5 age group were us ing specially des igned child  safety 
harnes s e s  mounted on the rear s e at s . Two thirds of the 5 1  unrestrained chi ldren 
in this age group were s e ated in the rear . Four of the nine chi ldren o ccupying 
front s e a t s  were s e ated on the laps of adu l ts . One chi ld w as s t anding on the 
rear s e a t  facing b ackwards . 

In the 6 - 1 4  yr age group there were three children in res train t sys tems . F i f ty 
nine ( 6 4%) of the 9 2  unrestrained chi ldren were seated in the rear . Two chi ldren 
were in the rear of an e s t a te car b ehind the rear seats . 

De tai ls o f  s e ating pos it i on by age o f  the chi l d  are given in tab le 5 .  

Injuries  t o  Unres trained Chi ldren 

T ab le 6 gives de tai ls of the location and severity of the inj uries s us tained by 
chi ldren of different ages in this s amp le .  The s ever ity of the injuries is 
described using the Abbreviated Inj ury S ca le ( S t ates 196 9) . 

Nine ( 60%) of the 15 unres tr ained chi l dren less than 1 yr old were injured . 
E ight of the inj ured children sustained head injuries ; tnree of these chi ldren 
sustained fatal head inj uries and a l l  three were s eated on the laps of front 
seat  occupants .  One chi l d  received a facial inj ury . There were no other 
injuries t o  any other body areas . 

E ight ( 18%) o f  the 45 unre s t rained children aged 1 - 5 yr were not inj ured and 
in 5 cases details of the inj uries were not known . Twenty six ( 81%) of the 32 
inj ured chi ldren re ceived head and face injuries whi ls t  head and face injuries 
accounted for 67% of all injuries . All the life threatening or fatal injuries 
were head inj uries . If  minor injuries are excluded head and face injuries 
accounted for 72% of the inj uries . 

Of the 9 2  unre s tr ained chi ldren aged 6 - 1 4  yrs 7 8  ( 85%)  were inj ured , 11  
uninj ured and in 3 cas es de tails  of  the inj uries were not known . The 7 8  
injured rece ived a total  o f  129 separ a te inj uries o f  whi ch 9 1  ( 70%) were minor 
inj uries . Forty s even ( 60%) of the inj ured sus t ained head or f ace injuries and 
thes e  inj uries accounted for 52% of a l l  inj uries . I f  minor inj uries are 
excluded head and f ace injuries accounted for 55% of inj uries . The lower l imbs 
were the next mos t frequently inj ured body area account ing for 29% of a l l  
inj uries and 2 1% o f  non-minor injuries .  

These results s ugges t  that there are difference s in inj ury patterns b e tween 
chi ldren of d ifferent ages . However it mus t  be rememb ered that the numbers 
involved are small and that the s tructure of the s ample is such that r igorous 
comparisons b e tween the inj ury pat terns for di fferent age groups is  not p os s i b le . 
l t  is  con s idered that thes e  resu l ts are ind icat ive but not necessarily 
representat ive of the experience of chi ldren in accident s  in the U . K .  

The fol lowing points emerge from the resul ts . 

As the age of the chi l d  increases the incidence of head and f ace injuries 
decreases from 100% of a l l  injuries for chi ldren aged less than 1 y r ,  through 
81% for chi ldren aged 1 - 5 yr to 60% for chi ldren in the 6 - 14 age group . 
Within the class 'head and face inj ury ' the incidence of face injuries increases 
with age from 11% for the < 1 yr age group through 58% for the 1 - 5 yr o lds to 
70% for the 6 - 14 yr age group . 
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When minor injuries are 
body area for any age . 
were head injuries . 

excluded the head emerges as the mos t frequently inj ured 
All  life threatening or fatal inj uries in the s ample 

The incidence of injuries t o  the extremi t ies , i . e .  upper and l ower limbs , 
increases w i th age .  For a l l  severities of inj ury the percentage occurance of 
lower l imb inj uries was 0% , 1 6 %  and 49% for the < 1 yr , 1 - 5 yr and 6 - 1 4  yr 
age groups respe c tive ly . The corresponding figures for upper l imb inj uries were 
0% , 13% and 2 1% .  

DISCUSS ION 

The accident s t udies r.eviewed in the previous sections and the resu lts  of the 
s tu dy of U . K .  accidents have shown that there are di fferences in injury p at terns 
be tween children of different ages . Part of this difference can b e  attributed 
to the variat ions in seating posit ion d i s t r ibutions be tween the different age 
group s .  For examp le ,  infants frequently s i t  on the lap of the front seat 
passenge r ;  50% of a l l  children � 1 yr o ld were seated in this  posi tion .  A high 
proport i on of chi l dren aged 1 - 5 yr occupy the rear seats ; approximately 70% of 
the U . K .  s amp le occupied the rear seat s .  

The greater occurance of head inj ury in children can b e  exp lained b y  the 
anatomical differences between children and adu l ts . At birth the head accounts  
for 2 5 %  of the b ody length whereas in  an adul t  i t  accounts for only 1 4% of body 
length . Thus the increases re lative s i ze of a chi ld ' s  head makes i t  more like ly 
to imp ac t  another obj e c t  in an accident .  The heavier head mass of a chi l d  and 
the higher centre of gravity of a seated chi ld results in a different impact 
traj e c tory for the younger chi l d .  The changing relat i onship be tween head and 
face injury as the chi ld grows older can be at tributed to the variation of 
f acial are a  to t o t al head area wi th age . At  b irth the f ace to cranium ratio is  
approximately 1 : 8 whereas that of an adult  is  1 : 2 �  

CHILD RESTRAINT SYSTEMS 

The provis i on of effective res traints for chi ldren is comp l i cated by the fact 
that chi l dren are developing adu l ts and consequent ly the res traint sys t ems used 
for adul ts , the maj or users of cars , are not suitab le for chi ldren. Because a 
chi ld deve l op s  qui ck ly in the e ar ly years the correct res t r aint at one age is  
not nece s s ar i ly the correct rest raint at  another age . l t  is an accepted fact 
that res training forces on a human b ody should act on the s trenge s t  parts  of  
the body,  i . e .  the ske le t a l  frame . However the thicknes s  of the f a t ty tissue 
on young children makes i t  d i f f i cult  to locate restraint s tr ap s  correct ly over 
the child ' s  pe lvis in part i cu lar . The rapid growth and change in body 
proportions of the young chi ld means that the pos i tion of the rest raint s traps 
must be frequent ly changed if  they are to remain in the corre ct posi tion .  The 
prob lem of corre c t  pos i tioning is further comp li cated by the different shape of 
the chi l d ' s  deve loping ske leton . For ins t ance the absence of the anterior 
superior i liac spines on a chi ld ' s  pe lvis means that a lap strap can more 
eas i ly ride up onto the abdomen which cou ld result in severe injury to the 
abdomina l vis cera . 

A large number of devices have been marke ted throughout the wor ld for use by 
chi l dren in cars . Cornmon t o  all  these devices is  the provision of a seat or 
harness more sui tab le for use by a chi ld than the normal car seat or seat be l t .  
Not  a l l  these devices however are effect ive as res traint sys tems . 

Appoldt ( 1 9 66)  reported on the performance of seven different chi l d  restraints 
tested in fron t al and 60° angled impacts . He noted that durnmy decelerations 
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exceeded s le d  decelerations in a l l  cases and that a l l  the devices showed a lack 
of lateral res traint . He re comended that res traint s traps should be des igned to 
provide lateral support and should be adj us ted in use to be as t ight as pos s ib l e .  
H e  sugges ted tha t  a l l  res traint sys tems should b e  sub j ect t o  dynami c tes t ing. 

Tes t s  carried  out at the Highway Safety Res e ar ch Ins t itute (H . S . R . I . )  at Michigan 
(Robb ins e t  a l .  1970) inve s tigated the effectiveness of various child res traint 
concepts . They reported on 37  d ifferent chi l d  seat and ' harnes s  des igns t e s te d  
in fronta l ,  ob l ique , s ide and rear impact s .  Summaries o f  e ach t e s t  were given 
with details of impact ve locity , dece leration ,  head and ehes t  accelerations , 
belt  loads and trave l of the dummy from normal s e ating pos i tion . lt  was found 
that a numbe r  of seats were not adequately res trained : s e at s  whi ch relied on 
hooks over or under the car s e at back b ecame det ached from the car seat and flew .  
Lack o f  s tructural integrity was a prob lem with many o f  the s e ats ; the tubular 
s tructures from whi ch the seats were made being unab le to s t and up to the loads 
p laced on them. A general fai l ing was the lack of lateral restraint . As a 
resu l t  of thes e  tes t s  five p oints were s tressed for consideration in the des ign 
of chi l d  res traints : 

s tructural integrity of the child ' s  seat 
effect  of dynamic interact ion of the chi l d  s e at and the car seat 
att achment of the child seat to the vehicle 
limi t at i on of the movement of the chi ld in an accident 
d i s t r ibut ion of the restraining forces on the chi ld 

A further series of tes ts at H . S . R . I .  ( Roberts & McE lhaney 19 73)  showed that , 
although there had been improvements in chi ld res traint des ign in Ame r i c a ,  mos t  
o f  the devices avai lab le did not offer protection comparab le to that offered t o  
adults . They found that there was excess ive head trave l ,  in both front and s ide 
impacts , w i th mos t of the devices tested and tha t  injurious head contacts with 
the interior of the vehicle were likely . Cancern about the design of restraint 
s traps was e xpressed and it was noted tha t  the use of upper torso rest raints 
a t tached to the lap b e l t  without the provision of a crotch s trap resu l ted in 
the lap be lt moving from the p e lvis to the abdomen in a frontal  impact . Tes t s  
on prototype s e a t s  developed a t  H . S . R . I .  showed that i t  was possib le t o  design 
effective rest raint sys tems . However details of these seats were not given. 
lt was s ugges t e d  that a chi ld ' s  lap belt  should be at an angle of 45° - 60° to 
the horizontal to lessen the chance of the b e lt loading the abdomen . 

A further series of tes ts on a Brit ish chi ld s afety s e at showed that i t  was an 
effective res t r aint sys tem ; it ' s  performance being s imi l ar to that of the 
H . S . R . I .  prototype todd1er seat . In the s i de impact t e s t  the seat was the best  
teste d ,  the s id e  excursion of the dummy head being les s  than that experienced 
with the H . S . R . I .  s e a t .  ( Rothman 19 7 3) 

Tests  on chi l d  res traint systems at the Traff ic Accident Rese arch Uni t  (T . A . R . U . )  
in New S outh Wales , Australia confirmed the dangerous nature of the ' hookover ' 
type of s e at , sugges t ing that a chi l d  in such a seat would mos t  likely sust ain 
f atal  inj uries in any accident at a speed of 20 mph ( 3 2  km/h) whereas a 
properly des i gned chi ld s afety s e at will  protect chi ldren from injury at 30 mph 
( 48 km/h) . ( Autosafe 1972)  

Herbert et  a l .  ( 19 7 3 )  reported on further tests  a t  T . A . R . U . whi ch concentrated 
on systems which had the approval of the S t andards Association of Aus tralia.  
Five different sys tems were tested in front , s ide and angled impacts and were 
tested with the re s traint s traps t ight and s lack .  Movement of the dunnny from 
rest  position and peak webbing loads were me asured . l t  was concluded that the 
layout of the harnes s  s t raps and the general d e s i gn of the seat frame can have 

87 



a s ignifi can t  effect on submarining. The lower torso res traint mus t  b e  carefully 
des igned to prevent movement  of the b e l t  from the pe lvis on to the abdomen and 
tha t although proper locat ion of the lap s trap is as s is te d  by the presence of a 
cro t ch s t rap i t  i s  n o t  essen t i a l .  A b ad ly adj us ted crotch s t r ap can b e  a s ource 
of injury to the gen i tali a .  The use of cushions to raise the s e ated heigh t  of a 
child us ing a h arnes s  was not re commended as i t  can promote dangerous submarinin g .  

Cons ideration of the physi cal deve l opment  o f  a chi ld leads t o  the i dentificat ion 
of three s t ages of child deve lopment which each require different s olutions t o  
the prob lems o f  res train t .  These are : 

- from b ir th unt i l  the chi ld is  cap ab l e  of s i t t ing up unaided , this normally 
occurs when the chi l d  is about nine months old.  
- · from nine months o ld when the chi l d  is  capab le of s i t t ing up but  is  too 
smal l  t o  s i t  in a convent ional car seat , unt i l  the chi l d  i s  big enough to 
s i t  in the normal s e at . This normally occurs b e tween the ages of 4 and 5 yrs .  
- From about 5 yrs when the chi l d  can s i t  in a conventional  car s e at but  
has  not  developed sufficien t ly to use  a s tandard adul t  re s traint un t i l  the 
chi ld is of sufficient s tature to use an adult res traint sys t em .  

I n  the U . K .  the Bri tish  S t andards Ins t i t ute ( B . S . I . )  has defined s t andards 
apper taining to child  res traint sys tems (B . S . I .  1970) . They recognize the 
prob lems of chi l d  res traint design that have been mention previous ly and have 
divided chi ld .  res t raints into groups according to the weight of the chi ld for 
whi ch they are des i gned . The groups are virtually iden tical  to the three S tages 
of chi ld deve lopment out l ined above but weight was chosen rather than age as 
there are great variation s  in weight and s t ature for a given age . The groups 
used are ; 

chi ldren weighing from 20 - 40 lb s ( 9  - 18 kg) 
chi ldren weighing from 40 - 80 lbs ( 1 8  - 36 kg) 

The performance criteria for each group was : 
' that  the accident conditions w i l l  impose a maximum loading on the 
comp lete assemb ly equivalen t to twenty times the weight of the wearer 
for the chi ld res traint and twenty times the weight of the seat  for 
the seat  re s traint b o th divided p aralle l to the longitudinal axis of 
the car . ' 

The re ference t o  s e a t  res tr aint was inc luded as i t  was re cognised  that : 
' f or s afe use of a chi ld res training device i t  is  essential that 
the car s e at i ts e l f  should be res t rained from forward movemen t in 
the event of an acciden t . ' 

Tes ting of res traint sys tems for B . S . I .  approval i s  carried out b o th dynami cally 
and s t at i cally but in both cases the tes t ?roce dure only calls for the device 
t o  be sub j e cted to a fron t a l  imp act . No tes ting of the res traint sys tem in 
s ide or re ar imp acts is mad e .  The locat ion of the rest raint s traps on the 
d1i ld ' s  b ody is not s t ipulated . 

EXPERIMENTAL TESTS 

A series of t e s t s  were carried out for the Automob ile Association to evaluate 
the per formance of chi ld seats  and harnesses avai lab le in B r i t ain and sold  as 
sui t ab le for chi ldren weighing from 9 - 18 kg ( age 1 - 5 yr) . The tes ts were 
des igned to show the performance of the vari ous systems in frontal  imp acts for 
use in a p opular magazine (Drive 1 9 7 3) . The tes t s  were quali tative rather than 
quan t i t ative . 

The rear nears ide quarter of a Ford Cort ina Mk 1 1 1  was mounted on an impact s led 
and the chi l d  seat  or harness  f i t te d  according to the manufacturer ' s  
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instruc t i ons . They were then s ub j e cte.d to a 20g s t op from 20 m. p . h .  ( 32 km/h) 
using a S ierra ' Toddle r '  dummy t o  s imu late a chi l d  occupan t .  A h i gh speed 
( 2 000 f r�me s / s e c) f ilm record of  each test  was made . 

S ix of  the s e ats  tes t ed were of  the folding chair typ e .  Figure 2 shows an 
examp le o f  this type o f  seat . The des i gn o f  the seat  is  s uch that they res t  on 
the car seat  and there is an extens ion to the b ase of  the s e at which clips under 
the base of the car s e at back . Three of the s e ats also had a me tal b racke t which 
hooked over the top of the s e a t  b ack .  The chi ld is s trapped in the seat by s traps 
at tached to the chi ld seat . In a l l  cases the seats be came de tached from the car 
in the imp act . tes t  al lowing the ch i ld s e at and dummy to go into free fligh t .  

Two o f  the se ats were she l l  type seats  anchored t o  the vehi c le at two points 
only . One of  the seats was provided with me tal clips at e i ther s ide of  the base 
of the seat which c lipped on to an adu lt  lap b e l t . In the tes t one of  these clips 
de formed and the seat  became de t ached on that s ide from the lap b e l t  al lowing i t  
to twis t  and the dummy t o  contact the in terior o f  the car . The dummy was 
res t rained in the s e at by a lap diagonal b e l t  sys tem and this would have been an 
inadequate res t raint had the s e at anchorage c l ips he l d .  The s e cond seat  used 
purpose des i gned s traps to anchor the b as e  of the s e at and thes e  proved t o be 
e f f e c t ive . The dummy was adequate ly res t rained in the chi ld s e at b y  a four poin t 
harnes s ,  but the lack of  anchorage s tr aps at the top o f  the seat al lowed the top 
of the seat  and consequen t ly the duriuny ' s · head excess ive forward movement .  

One of  the harnesses tes ted f i t te d  nround the ehes t  and shoulders o f  the chi ld 
and was free to s lide up and down two s traps anchored t o  the f loor and parcel 
she l f  of  the car . l t  was cl aimed that this allowed the chi ld to s i t ,  s t and or 
s le ep in comfor t .  The sys tem was tes ted in both the s tanding and seated 
pos i tion ( Figure 3) . The harness did not apply any res train t to the lower part 
of  the dummy ' s  b ody ; all the loads be ing taken under the armp i t s  and around the 
upper part of the ehe s t .  There was cons iderab l e  forward movemen t  of the dummy . 
In the s t anding pos i tion the frict ion produced by the re lative mot ion of  the 
harness and ver t ical  rest raint s tr aps was s u f f icient to me l t  the webb ing. 

None of  the sys tems des cribed in the pre ceeding paragraphs had B . S . I .  approval .  
Four seats having B . S . I .  approval were tes ted . 

One was a high folding chair used in conj un c t ion with a harnes s  which anchored 
the chair as w e l l  as providing re s t rain t for the chi ld . In the tes t the harness 
rode up on to the dummy ' s  abdomen and there was sufficien t  s tre tch in the sys tem 
t o  allow the dummy cons ide rable forward movement and con tact  with the ' s afety 
rai l '  of  the s e at which was at s tomach leve l .  

The other three B . S . I .  approved seats  were a l l  s imi lar in des ign concept being 
she l l  type s e at s  att ached to the vehicle by four s traps , two from the base o f  
t he s e a t  to the f loor of  the car and two from the top o f  the s e a t  t o  the rear 
parce l she l f . The chi ld was res trained in the in the seat  by a f ive point 
harne s s . An examp le of this type of s e a t  is  shown in figure 4. All three seats 
provided good res traint in the imp act t e s t s , the dece lerat ion forces b e ing 
d i s t ributed  over the dummy ' s  shoulders , ehe s t  and pelvis . 

Two harnes ses , des igned for and on ly h aving B . S . I .  approval for use by o lder 
ch i l dren ( 1 8 - 36 kg) , were tested as they were sold by shops as suitable for 
use by younger chi ldren . In one test  the dummy was seated on a cushion to raise 
the seated heigh t ,  whi l s t  in the other test the dummy s at dire c t ly on the car 
seat . In both tes t s  the dummy submar ined , the harness rid ing up onto the 
abdomen and ehe s t ;  when seated on a cushion the cushion shot out from under the 
dummy at an ear ly s t age al lowing i t  to drop and thus in troduce more s lack into 
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the sys tem . ( Figure 5 )  There was considerable forward movement of the durruny in 
both tes ts . 

CASE STUDIES 

Five accidents are briefly presented to i l lus trate the performance of child 
res t r aints . The damage to the vehicles is described us ing the Vehicle Deformation 
Index - V . D . I .  (S . A. E .  1972)  and the severity of the acciden t is des cribed using 
the concept of E quivalent Tes t Speed - E . T . S .  (Mackay and Ashton 1973) . 

Accident N o .  6 4  Renault 16 V . D . I .  12FDEW3 

The case vehicle s truck the s ide of another car . The E . T . S .  was e s t imated at 
40 - 50 km/h . The driver and the front seat pas senger were wearing ine r t i a  ree l 
lap diagonal belts . The two rear seat occupants a 2 yr old male and a 4 yr o ld 
female were res t rained in four point harnesses . The driver a 3 8  yr old male 
sus tained minor injuries . The front seat passenger a 40 yr o ld female received 
serious head inj uries when her s e at belt  broke at the ' B '  p i l l ar swivel . The 
two chi ldren sus tained only �inor bruises and abrasions from the webbing o f  the 
harnesses . 

Accident N o .  353 Ford Capri V . D . l .  01FZEW2 

This vehi c le s truck the s ide of another car . The e s t imated E . T . S .  was 20 - 30 km/h . 
There were four occupants in the vehicle all  res trained .  The dr iver and front 
seat p as s enger were wearing s tatic  l ap diagonal b e l t s  and sust ained minor bruises 
from the belts . The rear seat occupants a 7 yr old male and a 3 yr old male , 
b oth of whom were us ing child harne s se s ,  sus tained minor bruis ing . 

In these two accident s  three of the children were restrained by harnesses which 
were no t designed for the age of the child us ing i t ,  but  for an o lder chi l d .  l t  
is of interes t that a 2 yr o ld male using one of these harne sses in a severe 
accident only received minor bruises . 

Accident No . 5 40 Bedford Caravette V . D . I .  OOXDAOl 

The case vehicle went out of control after mechanical fai lure of the s t eering 
and was involved in a comp lex s e quence of events involving a g lancing b low w i th 
another car , imp acts with a fence and hedge and a 360° r ol l .  The driver a 35 yr 
old female and the fron t seat  passenger a 29 yr old male were wearing s t at i c  lap 
diagonal seat  belts  and were unin j ured.  In the rear o f  the vehicle were a 63  yr 
old male and a 62 yr old female neither of whom were res trained.  They both 
rece ived extens ive bruising and abr as i ons . Of p ar t i cu lar interest  was the fifth 
o ccupant a 2 1  month o ld b aby b oy who was se ated in a she l l  type child seat . The 
chi ld seat  was not mounted in the ve.hicle according to the manufacturer ' s  
inst ruct ions but was fixed to two b ars which had been f i t ted by the owner across 
the b ack of the front seats , the child s i t ting be tween the fron t seats . During 
the accident events the b ar s  b ecame de tached from the seats allowing the child 
seat  and child to be thrown around ins ide the vehicle . The child sus tained a 
bruise t o  the b ack of the head . 

This accident i l lus trates the importance of correct f i t t ing of child res t r aint 
sys tems 

Accident N o .  720 Aus tin 1 100 V . D . I .  03RPHN 5 

This vehi cle went out of con tro l ,  left the road and s truck a large tree wi th the 
offside of the vehicle . There was considerable intrus ion of the s ide st ructure 
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into the p as s enger compartmen t .  The four occup ants of the vehicle were all  
res trained . The drive r  a 38 yr o ld male s us t ained minor eoncus s ion, multip le 
fractures to 3 ribs on the righ t  s i de and ab ras i ons to his hands ; the head and 
ehes t injuries b e ing due to contaet with the intruding s ide s trueture . The front 
seat passenger , a 38 yr o ld female,  was un inj ured .  Both the fron t  seat oeeupan ts 
were we aring s tat i e  lap d i agonal belts . The two rear s e at oceupants , a 12  yr old 
girl on the nears ide and a 9 yr old b oy on the offside were res trained by s ingle 
d iagonal b e l ts , not special chi ld h arnesses . The b oy s us tained severe head , ehe s t  
and abdominal injuries , wh i ch proved fatal , from con taet with the intruding s ide 
s truc ture . The girl rece ived a lacerat ion to the righ t  eye lid and abrasions to 
the right s ide of the face , right hand and both knees . 

The use of s ingle di agonal belts  whi eh provide lit tle s ide res train t ,  r ather than 
child  restraints , contrib u ted to the severity o f  the inj uries . Adequate s ide 
res traint would have prevented the injuries sus tained by the nears ide rear 
oecupant and probably h ave les sened the sever i ty of the offside rear oceup an t ' s  
in j uries . 

Accident N o  7 3 3  Aus tin Mini V .  D. I .  12FDAW5 

This vehicle was involved in a severe frontal imp aet with a he avy goods vehi ele .  
The e s t imated E . T . S .  was 50 - 60  km/h . The dr iver a 26  yr  old  male and the fron t 
seat passenger a 25  yr old female were b o th wearing s tatie lap diagonal se at b e l ts . 
The driver s us tained fraetures to the left forearm and hand , left tibia and 
fibula and to the n as a l  b ones . He also recei ved severe head inj uries and died 
5 4  days after the aceident wi thout regaining cons ciousnes s .  The fron t  seat 
p as s enger s�s t ained ab ras ions to her face and fractures of the righ t  humerous , 
righ t  femur and left foot . There was mas s ive intrus i on of the bulkhead into  
the fron t  seat  oeeupants seating are a .  The third occupant was a 9 month old  
b aby b oy seated in  a B . S . I .  approved she ll type seat moun ted in the eentre of 
the rear seat . His  only inj ury was a small  cut to the ehin . There was no 
evidenee of any neck injury .  

DISCUSS ION 

Chi ldren aged less than 1 yr o ld (weight less than 9 kg) 

S iege l e t  al .  ( 19 68) and Rogers & S i lver ( 1968)  both re commended that the ehi ld 
should be p laeed in a carryeo t ,  the earryeot p l aeed on the rear seats of the ear 
and anehored by p laeing the exis ting adult lap belts  through the frame of the 
co t .  I t  was noted that this was a temporary measure unt i l  more effect ive 
res tr aints were deve loped .  

Special carryeot res traints are market by a number o f  firms in the U . K .  With 
these the eot is p laced along the rear seat and i s  anchored by straps whieh pass 
over and around the cot and are fixed to the veh i e le floor and rear par ee l  she l f .  
The e ffe etivenes s  o f  this system depends on the eon s t rue tion of  the carryeo t ;  a 
weak cot could deform in an accident and impair the per formance of the re s t r ain t .  

General Mo tors have des i gned a Special ' infan t  carrier ' which is s aid to be more 
e f fective than a conventional earryco t .  (S ieran t  1969 , Feles 19 70) lt  cons is ts 
o f  a speeially shaped carrycot in which the child i s  s trapped in a semi reclining 
pos i t ion . Two handles on the cot are used for carrying and also for rest raining 
the cot ; the cot is p laced on a ear seat in a rearward facing pos i t ion and the 
adult lap atrap passed through the hand les . Impact proteetion is claimed to be 
good . The American eons umers as sociat i.on rated this restraint the be s t  avai labe 
for the young child ( C . A .  197 2 ) . However it is of limi ted use in Europe as a 
separate lap belt is a prerequisite for the use of this sys tem. 
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Chi ldren aged 1 - 5 yrs old (we ight 9 - 18 kg) 

This age group has the wide s t  variety of sys tems avai lab le and there are large 
differences in the protect i on offered by the di fferent sys tems . They can b e  
divided into  three main groups - ves ts , harnes ses and seats . An e ar ly Ford 
device cons is ted of a ves t whi ch the chi ld wore and to whi ch s traps were att ached 
whi ch clipped on to an adult lap be l t .  The Ford ves t  was marke ted in three s i zes 
( Fredericks 1969 ) . The concep t of a ves t  res traint is  good in tha t  the loads are 
d i s tributed over the wide s t  pos s ib le area but has the dis advantage that i t  is non 
adj us t ab le and would s oon have to b e  replaced as a child grew olde r .  For thi s  
re ason an adjus tab le harness i n  which the loads are spread over the greates t  
pos s ib le area by the use o f  shoulder and lap s tr aps offers advantages over a ves t  
sys tem. Impact tests have sugge s ted that the use of a harness alone for chi ldren 
in this age group is  not advisable as the pelvis of a chi ld lacks well defined 
i l i ac cres ts , which act as anchor points for the lap belts  in adults ,  and thus 
the l ap sect ion is more likely to r ide up onto the abdome n .  However in the 
accidents seen in whi ch there were young children of this age group using 
harnesses there was no evidence of abdominal inj ury . An impor t an t  cons ideration 
in the des i gn of a res train t sys tem is comfor t .  The shor t legs of a young chi ld 
make the normal car s e at uns ui tab le and an auxil lary seat i s  needed to provide a 
more sui tab le seat ing pos i t i on .  The use of a boos ter  cushion with a harness i s  
uns ui tab le because the cushion is  likely to f ly ou t from under the chi ld at an 
e ar ly s tage in the acciden t .  The fo lding high seat has been shown to be generally 
uns u i t ab le as a s afety seat . The mos t effective type of sys tem is a shell type 
seat which is anchored to the car s tructure by four res training strap s , two from 
the b ase of the seat to the f loor of the car and two from the top of the s e at t o  
the rear p arcel she l f .  The chi ld is  secured i n  the seat she ll by a five point 
harnes s  con s is ting of two shoulder s traps , a lap s tr ap and a crotch s tr ap .  lt i s  
importan t  that the child res train t s traps are as tight as pos s ib le and the lap 
s trap is low down on the pelvi s .  

Some concern has been expressed that , due to the larger head mass and weak neck 
o f  a young chi ld neck injuries may occur and therefore some form of head 
restraint should be provided . One method is  to p rovide a coun tered imp act 
sur face in front of the chi ld so that the child wraps around i t  in an accident 
dis tributing the res training forces over the who le of the body and exces s ive 
re l at ive mo tion of the head and ehes t  are prevented . (Heap & Grenier 1 9 6 8 ,  
Fredericks 1969) . Another way of providing adequate head res traint is t o  use a 
re arward facing seat . Aldman ( 1 966)  de s cribed a Swedish seat that used this 
principle . However it has been suggested (Herbert et  a l .  19 73)  that head . 
res tr aint is  unneccesary in fron tal impacts as the chin impacting the manubrium 
s ternum provides s afe dece ler ation of the head . The case s tudy presented in 
which there was a 9 month o ld b aby in a chi ld s afety seat supports this view. 

Chi ldren greater than 5 yrs old (weight 18 - 36 kg) 

lt w as sugges ted by Ameri can researchers ( S iegel et  al . 196 8 ,  King et a l .  1969)  
that children of this age should use a normal adult  belt  w i th a firm cushion to 
provide better b e lt pos i ti on ing� although King e t  al did s tress that this was 
only recommended unt i l  b e t te r  sys tems were deve loped . Purpose desi gned harnesses 
are avai lab le in the U .K .  and acciden t exper ience sugge s ts that the prote ction 
provided t o  children by these sys tems is at least equal to that of fered to adults 
by lap d i agonal belt  sys tems . 
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CONCLUSIONS 

Previous ly pub lished work suggests  that for unre s t rained ch i ldren : 

- younger chi ldren are less likely to b e  inj ured than o lder children but 
that when .t�1ey are injured they are more like ly to sus tain a head inj ury . 
The severity of head injuries s us tained by younger children is generally 
less than that s us tained by other . age groups . 

- the lower limbs are the next mos t frequently inj ured b ody area and that the 
frequency of lower limb injuries increases with age o f  the chi ld .  

- rear seat  occupants are less likely to be injured than fron t seat occupants . 

The present field s tudy has found that for unrestrained children : 

- the head was the mos t  frequently injured b ody area no matter what the age 
of the chi ld . 

- as the age o f  the ch ild increases the overall incidence of head inj ury 
decre ases and the incidence of inj uries to the face increases . 

- there was an increase in the incidence of upper and lower limb injuries 
with age ; lower limb injuries being more frequent than upper limb injurie s .  

- a l l  li fe-threatening or fatal inj uries were head inj uries . 

For res trained chi ldren the avai lab le accident dat a sugges ts that : 

- children wearing the correct BSI  approved child res tr aint sys tem are 
provided with protection equal t o  that of fered to an adul t by a lap 
d i agonal belt . 

Tes t work on currently available chi ld res traint sys tems shows that : 

- i t  is  important that a child  res train t sys tem is adequately anchored to the 
vehicle s tructure . 
for children weighing nine to eigh teen Kilograms ( age about 1-5 years) 
the mos t effe ctive sys tem is a shell type auxi llary seat anchored to the 
vehicle at four points and provided with an in tegral chi ld harne s s . 

- the s tructure o f  a chi ld ' s  pelvis is  s uch that ·e i ther a relatively s teep 
lap b e l t  angle ( 45-60

°
) or the provision of a crot ch s trap is necess ary to 

ensure correct locati on of the lap b e l t .  
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FlGURE 1 DIRECTION OF IMPACT FORCES - BIRMINGHAM STUDY 

TABLE 1 

IMPACT 
DIRECTION 

1 1 ,  12 ' 0 1 .  

10 . 02 . 

0 3 ,  04 , 08 , 

OS , 06 , 07 . 

94 

1 1  0 10� w � 18� �o 
80� b3IT:DD � 4  

5 /? �o 11 "' � 3 'I' 1 18  
1 50 

ROLLO VER 11  

COMP LE X  10 

NOT KNOWN 7 

2 8  

SEVERITY O F  IMPACT - BIRMINGHAM STUDY 

EQUIVALENT TEST SPEED km/h 
0-10 1 1-20 2 1-30 31-40 41-50 5 1-60 N . K .  

9 20 3 1  1 7  15 5 6 

0 0 2 3 2 0 4 

09 . 1 15 10 1 0 0 3 

2 0 2 0 0 0 0 

TOTAL 

103 

13 

30 

4 

150 



TABLE 2 FREQUENCY OF INJURY - after Kihlberg and Gens le r  1967 

AGE N O .  OF OCCUPANTS % INJURED % HEAD IN JURY 
FRONT REAR FRONT REAR FRONT REAR 

0 - 4 1094 1190 59 . 2  42 . 8  87 . 3  7 6 . 6  

5 - 9 835 1806 66 . 2  5 1 .  3 82 . 7 7 2 .  8 

10 + 2 2057 10632 8 1 .  4 62 . 2  70 . 2  56 . 9  

TABLE 3 VEHICLE OCCUPANCY - BIRMINGHAM STUDY 

NUMBE R OF TOTAL NUMBER OF OCCUPANTS TOTAL NO . TOTAL NO . OF 
CHILDREN 1 2 3 4 5 6 7 OF GASES CHILDREN 

1 18 17 8 9 2 5 4  5 4  

2 6 16 10 1 33  66  

3 2 4 3 9 2 7  

4 1 3 4 16 

5 2 1 3 15 

18 2 3  2 6  2 4  11  1 103 1 7 8  

TABLE 4 .• AGE AND SEX OF CHILD OCCUPANTS - BIRMINGHAM STUDY 

AGE M F N . K .  TOTAL 

1 yr 8 3 5 16 

1 5 yr 2 2  25 4 5 1  

6 - 14 yr 41 4.8 6 9 5  

N .K .  2 1 1 3  16 

178  

TABLE 5 SEATING POSITION BY AGE - BIRMINGHAM STUDY 

SE AT ING POSITION AGE OF CHILD 
< 1 yr 1 - 5 yr 6 - 14 yr 

In Re s trai.nt Sys t em 1 6 3 

Front Seat  2 5 2 6  
On Lap o f  Front Seat Passenger 8 4 1 

Rear Seat  2 2 8  5 9  
On Lap o f  Rear Seat Oc cupant 2 2 0 

';'( ,.( ';'( 
O ther 0 1 2 
Not Known 1 5 4 

NOTE * s t an ding on rear seat facing back * *  in rear o f  es tate car behind seat 
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TABLE 6 LOCATION AND SEVERITY OF INJURIES SUSTAINED BY UNRESTRAINED CHILDREN 

a) Chi ldren aged < 1 yr 

BODY AREA SEVERITY OF INJURY (AIS) 
01 02 03 04 OS 06 ALL 

HEAD s 3 8 INJURED 9 
FACE 1 1 
NECK 0 NOT INJURED 6 
CHEST 0 
ABDOMEN 0 INJURY N . K .  0 
ARMS 0 
LEGS 0 lS 
BACK 0 
SHOCK 0 

9 

b )  Chi ldren aged 1 - S yr 

BODY AREA SEVERITY OF INJURY (AIS) 
01  02 03 04 OS 06 ALL 

HEAD 4 6 1 2 1 1 4  INJURED 32 
FACE 12 3 15 
NECK 0 NOT INJURED 8 
CHEST 0 
ABDOMEN 2 2 INJURY N . K .  s 
ARMS 2 1 1 4 
LEGS 2 2 1 s 4S 
BACK 1 1 
SHOCK 2 2 

43 

c) Chi ldren aged 6 - 14 yr 

BODY AREA SEVERITY OF INJURY (AIS) 
0 1  02 03 04 05 06 ALL 

HEAD 1 7  1 1  3 1 3 3S INJURED 7 8  
FACE 30 3 33 
NECK 2 2 NOT INJURED 1 1  
CHEST 1 1 
ABDOMEN 1 1 2 INJURY N . K .  3 
ARMS 10 s 1 16  
LEGS 30 6 2 38 92  
BACK l 1 
SHOCK 1 1 

129 
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FIGURE 2 

FOLDING HIGH CHAIR 
NOT B . S . I .  APPROVED 

FIGURE 3 

CHILD HARNES S  
NOT B . S . I .  APPROVED 
AFTER iHPACT TEST 

,,..,,, \ ��'� �-
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FIGURE 4 

SHELL TYPE SEAT WITH HARNES S  
B . S . I .  APPROVED FOR CHILDREN 
IN WEIGHT RANGE 9 - 18 kg 

FIGURE 5 

HARNESS WITH B . S . I .  APPROVAL 
FOR CHILDREN IN WEIGHT RANGE 
1 8  - 36 kg AFTER IMPACT TEST 
USING AUXILLARY CUSHION AND 
DUMMY WEIGHT 14 kg 
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