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CHILD RESTRAINTS 

I have been asked to speak to  you, f o r  the next h a l f  hour or so, 

about " ch i l d  r es t r a i n t s " .  The term "ch i l d  r es t r a i n t s "  o f  course describes 

the devices t h a t  safety engineers have developed. Child res t ra in ts  give to 

ch i ldren the level  o f  crash protect ion t h a t  lap/sash bel ts  give to  adu l t  

passengers, when t h e i r  cars are involved in  serious crashes. The audience 

I am addressing today w i l l  have no d i f f i c u l t y  in  understanding the meaning 

o f  the term because, l i k e  me, each one o f  you has a special in te res t  in 

the safety  o f  the chi ldren i n  our community. To the general public 

however, the term "ch i ld  r e s t r a i n t "  conjures up a p ic tu re  o f  a child 

rest ra ined from becoming a nuisance to the d r i ve r  and to  any other adults 

i n  the car .  Thus the publ ic a t  large measures the value o f  a child 

r e s t r a i n t  by i t s  degree o f  convenience o f  use, ra ther  than by i t s  degree 

o f  safety. 

There i s  l i t t l e  room f o r  doubting t h a t  the f a i l u r e  o f  child 

r e s t r a i n t s  t o  reach the high level o f  acceptance achieved i n  much of 

Aus t ra l i a  by the re t rac t i ng ,  automatic-locking lap/sash seat b e l t ,  arises 

from the sheer inconvenience o f  ch i l d  r es t r a i n t s .  Although there are 

welcome exceptions, most ch i l d  res t ra in ts  t h a t  have been approved for 

t h e i r  l i f e - s a v i n g  po ten t ia l ,  are seen by the pub l ic  as d i f f i c u l t  to 

i n s t a l l ,  d i f f i c u l t  to adjust to  the c h i l d ,  present problems o f  release 

o f  the c h i l d  and f a i l  to keep chi ldren "out o f  the h a i r "  o f  t h e i r  parents 

f o r  an adequate length o f  time. 

* Paper presented by permission o f  the Commissioner f o r  Motor Transport, 

New South Wales. The views expressed are those o f  the author and are 

not  necessar i ly  endorsed by the Department o f  Motor Transport. 
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I t  i s  my in tent ion in  t h i s  paper to  examine both meanings of 

the term " c h i l d  r e s t r a i n t " .  I w i l l  review, in  the l i g h t  o f  our studies 

o f  real crashes and o f  our laboratory research, the safety requirements 

o f  successful c h i l d  res t ra in t s .  I w i l l ,  I hope, convince you that 

Aust ra l ian c h i l d  res t ra in ts  have a proud record o f  achievement in  safety. 

I w i l l  also review, in  the l i g h t  o f  our market research and 

o f  our observations o f  the common misuse o f  ch i l d  r e s t r a i n t s ,  the 

convenience requirements o f  ch i ld  r es t r a i n t s .  I hope t o  convince you 

t ha t  much needs t o  be done t o  improve ch i l d  res t ra in t s  so t ha t  they are 

ac tua l l y  and appear to  be, simple t o  i n s t a l l  and use, as well  as 

providing t h e i r  present high degree o f  crash protection. 

Lap/sash be l t s  and booster cushions. 

I t  has long been said o f  chi ldren tha t  they are not simply 

small adu l ts ,  therefore chi ldren require f o r  t h e i r  crash protection, 

something very d i f f e r e n t  from the lap/sash belt. 

Like other dogmatic assert ions, the assert ion t ha t  children 

are not  small adu l ts ,  w h i l s t  v a l i d ,  has been a major stumbling block to 

the development o f  new ideas. This i s  because the assert ion is 

fol lowed by an i nva l i d  conclusion. I t  simply i s  NOT TRUE tha t  the lap/ 

sash b e l t  i s  unsuitable f o r  chi ldren.  What IS TRUE i s  t h a t  car seats 

designed f o r  adul ts are unsuitable even f o r  qu i te  big ch i ld ren.  When 

the car seat i s  corrected from the adu l t ' s  size t o  the smaller size o f  the 

c h i l d ,  the EXISTING LAP/SASH BELT can be used convenient ly,  safe ly  and 

e f f e c t i v e l y  by many chi ldren.  The " l a t e ra l  th ink ing"  t ha t  produced this 

i l l um ina t ion  o f  a major par t  o f  the ch i l d  r e s t r a i n t  problem was illustrated 

ear l y  i n  1977 when, a t  an Internat ional  Conference held i n  Melbourne, I 

had the p r i v i l e g e  o f  showing photographs o f  some o f  the experimental booster 
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cushions developed by my colleague Derek Cutt ing and his s t a f f .  I 
show one o f  these now. This type o f  L-shaped booster cushion has several 
features: 

I t  requires no addit ional straps. 

I t  allows chi ldren to use ex is t ing  lap/sash 

be l t s  i n  f r on t  and rear eating Positions. 

I t  moves the sash strap away from the face, down and 

back on to  the shoulder. 

I t  lowers the lap strap away from the abdomen, on 
t o  the lap. 

I t  takes up much o f  the slack i n  the b e l t ,  making it 

simpler to  t ighten around the child. 

I t  stays i n  place i n  a crash. 

Unfortunately,  none o f  these L-shaped booster cushions, called 
"chaises" i n  the Austral ian Standard, has been approved so f a r  - not for 
safety  reasons - I should add. My next s l i d e  shows a simpler booster 

cushion t h a t  has no back, and hence i s  not so useful as the chaise. In 
p a r t i c u l a r ,  i t  does not seat the ch i ld  i n  a more forward locat ion,  and 

so does not br ing the sash par t  o f  a f ron t -sea t  b e l t  back t o  the shoulder. 
Moreover, some o f  these cushions, l i k e  the one shown here require the 
f i tmen t  o f  special straps, in  order t o  stop them from s l ipp ing out from 
under the c h i l d  i n  a head-on collision. 

I must say t ha t  I have a strong preference f o r  our original 

concept o f  an L-shaped .chaise, and p a r t i c u l a r l y  when i t  i s  developed to 
the extent  o f  the one i n  my next s l i d e ,  which shows a commercially 
* Some had i n  f a c t ,  j u s t  been approved, wi thout my knowledge. 
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ava i lab le  chaise, wi th contoured cushion and back and side support for 
the c h i l d ' s  head. The small f i rm  producing t h i s  device would benefit 
from some help i n  meeting the onerous requirements o f  Standards Association 
approval. 

The ready acceptance by the publ ic  o f  booster cushions is 
encouraging, i n  suggesting tha t  they meet the need f o r  convenience. They 
have however been in  service f o r  too short a time f o r  me to  be able to 
claim f o r  them, a high level o f  protect ion in  crashes. You would then be 
qu i te  j u s t i f i e d  i n  demanding o f  me, an explanation f o r  my f a i t h  in  them. 
This explanation I shal l  now proceed to put forward f o r  your consideration. 
I t  w i l l  not be a simple explanation, so I i n v i t e  your questions, at  the 
end o f  my prepared speech, so tha t  I can develop in  greater d e t a i l ,  the less 
c lear  parts o f  my argument. 

To begin w i t h ,  l e t  me emphasise tha t  we i n  the T r a f f i c  Accident 
Research Uni t  are promoting the use o f  booster cushions p r imar i l y  f o r  those 
chi ldren who are too large to  use conventional ch i l d  r es t r a i n t s  - child 
seats as they are usual ly cal led.  This means tha t  the chi ldren we are 
th ink ing about, are those most l i k e  small adults - ch i ldren 4 years o f  age 
upwards - who have a t  least  p a r t i a l l y  developed the bony skeletal  structure 
capable o f  accepting the three straps o f  the lap/sash belt. 

Secondly, our examination o f  the records o f  crashes i n  which 
chi ldren - even those below 4 years o f  age - have worn lap/sash be l t s ,  have 
shown no evidence o f  i n j u r y  to  the torso from the decelerat ion forces 
produced by these be l t s .  On the contrary, the evidence i s  t ha t  the main 
problem wi th  ch i ldren wearing lap/sash be l t s ,  i s  t ha t  the be l ts  are rarely 
t ightened up s u f f i c i e n t l y  by t h e i r  parents, around the ch i ld ren ,  who may be 
ejected over any loose b e l t .  This i s  s i g n i f i c a n t  f o r  two reasons. FIRST, 
Because one o f  our aims with the booster cushion was t o  reduce t h i s  slack 
i n  order to  improve crash performance and SECOND, Because t h i s  confirms the 



resu l ts  o f  e a r l i e r  research which showed tha t  ch i ldren tend to be ejected 

over the tops o f  lap bel ts  and hence require shoulder r e s t r a i n t  in order 
t o  prevent e jec t ion .  This f ind ing about e ject ion i s  s i g n i f i c a n t  in 
ind ica t ing  one important way i n  which chi ldren perform d i f f e r e n t l y  in 
crashes from adu l ts ,  who invar iably  tend to e j ec t  under a loose b e l t ,  and 
hence requi re a t i g h t  lap b e l t  in  order to prevent ejection. 

My t h i r d  argument f o r  booster cushions and especia l ly  f o r  the 
L-shaped chaise i s  tha t  we have carr ied out dozens o f  crash tests  wi th them 
i n  our laboratory and have invar iab ly  found them t o  perform as we predicted. 

In shor t ,  I bel ieve t ha t  a l l  booster cushions t h a t  pass the crash 
tes ts  speci f ied i n  the Austral ian Standard, w i l l  give good crash performance 
f o r  ch i ldren when used wi th  lap/sash belts. 

Some o f  you w i l l  no doubt have seen a movie f i l m  made by a 
manufacturer o f  c h i l d  r es t r a i n t s ,  showing a crash t e s t  o f  a competitor's 
chaise, i n  which the head comes o f f  the dummy and the remains o f  the dummy 
s l ides under the seat b e l t .  From my remarks about the e jec t ion o f  children, 

you w i l l  appreciate tha t  t h i s  would never happen wi th  a real c h i l d .  And 

o f  course anyone who ser iously reports a t e s t  w i th  a defect ive dummy that 
loses i t s  head, has a c r e d i b i l i t y  problem, i f  nothing worse. I base my 
remarks on a ca re fu l ,  frame-by-frame analysis o f  t h i s  film. 

Child seats. 

For small ch i ld ren,  o ld enough to  s i t  up unaided, c h i l d  seats 
have been ava i lab le  f o r  many years. A l l  those approved i n  Australia 

perform exce l l en t l y .  In f a c t  i t  i s  now f a i r  to say t h a t  chi ldren in 

properly f i t t e d  and adjusted approved res t ra in t s  w i l l  general ly  fare 

even be t t e r  i n  a given crash than do adu l ts ,  in  the same veh ic le ,  wearing 
the best seat b e l t s .  I t  i s  rare f o r  a restrained c h i l d  t o  have anything - 
but a few cuts and bruises, even a f t e r  a severe crash. 



As I have indicated though, proper f i t t i n g  and wearing o f  a 

ch i l d  r e s t r a i n t  i s  essent ia l ,  i f  i t  i s  to perform a t  i t s  best. I am 

sorry to  have t o  repor t  tha t  ch i l d  seats (un l ike approved booster cushions, 

which are d i f f i c u l t  to abuse) - are more often than not,  f i t t e d  o r  worn 
(o r  both) incorrectly. 

I n s t a l l a t i o n  o f  ch i l d  seats. 

Because the car manufacturers and ch i l d  r e s t r a i n t  manufacturers 

have been unable t o  reach agreement on a common form o f  anchor f i t t i n g  to 

be used, the ch i l d  r e s t r a i n t  anchorage points required i n  new Australian 

cars since 1975 have received l i t t l e  use (although we should note their 

use f o r  bassinets t o  be discussed l a t e r ) .  Hence i t  i s  now customary for 

ch i l d  r e s t r a i n t  manufacturers to make use o f  the lap/sash be l ts  already 

f i t t e d  i n  the four  outer seating posit ions since 1971, f o r  securing child 

seats. This i s  i n  p r inc ip le  wholly commendable, since i t  should eliminate 

i n s t a l l a t i o n  costs and f a c i l i t a t e  t ransfer  from car t o  car.  In pract ice however 

there are some d i f f i c u l t i e s  

Bar r ie r  Devices 

Bar r i e r  or  shield devices are pop ,ular i n  America f o r  children. 

A l l  I can say i s  t h a t  they do not perform very wel l  i n  our crash tests. 

I show a s l i d e  taken from a high speed movie f i l m ,  i n  which we see a dummy 

being ejected i n  a side collision. 
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Rear facing ch i l d  seats. 

The Volvo rear facing chi ld  seat requires i t s  own special 
f i t t i n g s  f o r  i n s t a l l a t i o n .  I t  i s  an excel lent  seat but care has to  be 
taken to  ensure t ha t  the harness i s  worn t i g h t l y ,  to lessen the 
p o s s i b i l i t y  o f  ch i l d  s l i d ing  up the seat back i n  a f ron ta l  crash, with 
the chance o f  serious i n j u r y  t o  the cervical  spine. 

Protect ing the infant. 

The greatest problem f o r  car safety engineers i s  tha t  o f  providing 
crash protect ion f o r  the young in fan t ,  too undeveloped t o  s i t  up unaided, 
from i t s  very b i r t h .  Yet the greatest opportuni ty f o r  introducing the 
concept o f  crash protect ion t o  both ch i l d  and parent, i s  presented when 
the young mother takes her f i r s t  baby home from the materni ty hospital. 
The abject  f a i l u r e  o f  American designers to meet the needs o f  mothers was 
demonstrated recent ly  in  a study in Washington, D.C. i n  which most mothers 
f a i l e d  to  continue the use o f  current i n fan t  r e s t r a i n t s ,  even when donated 
and f i t t e d  f ree  o f  charge, wi th  ins t ruc t ion  as to t h e i r  correct  use. 

, Following a study I made i n  1968, I came t o  the conclusion 
t ha t  the only v iab le  in fan t  r e s t r a i n t  was a restrained baby basket or 
bassinet t h a t  could read i l y  be used inside or  outside the car. In view 
o f  the demonstrable lack o f  a bony s t ruc ture  in  the i n f a n t ,  I concluded 
t h a t  the bassinet should be supported in  the car i n  such a manner as to 
apply the crash forces uniformly on the i n f a n t ' s  back, during the most 
severe (head-on) l i k e l y  crash. These concepts were incorporated as 
broad requirements i n  the Austral ian Standard E46 published i n  1970. 
They were spec i f ied  i n  greater deta i l  in  the 1975 rev is ion  o f  the Standard 
but w i th  two changes. Or2ecnange permitted the r e s t r a i n t  to  be located 
along the long i tud ina l  axis o f  the car ,  as i n  the General Motors Infant 
Car r ie r ,  as an a l t e rna t i ve  to the common la te ra l  arrangement 
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o f  a bassinet. The other change removed the requirement f o r  padding 

and allowed a net to be used as the restraint. 

In sp i t e  o f  a l l  those attempts a t  meeting the needs o f  manufacturers, 
t o  date none has reached the stage o f  securing Standards Association approval. 

Because o f  the unwill ingness o f  manufacturers to  meet these 

requirements, the T r a f f i c  Accident Research Unit  undertook a development 

programme, w i th  f ree access by designers to i t s  resu l t s ,  to  produce some 
prototypes. That has now reached the stage a t  which mass production by one 
or  more manufacturers may be expected ear ly  i n  1980. 
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Last year the T r a f f i c  Accident Research Uni t  conducted a 6 month 

long study o f  chi ldren involved in  car crashes. A c h i l d  was included in 

the study i f  he or  she was reported by ambulance personnel to  have been taken 

by them a f t e r  a road crash, t o  a hospital o r  doctor f o r  medical examination 

or  treatment. The study covered the whole o f  New South Wales and was 
intended t o  include only chi ldren aged less than 8 years. Chief interest 

centred on the crash performance o f  any c h i l d  r e s t r a i n t  or adu l t ' s  seat belt 

worn by a child. 

In the 6 months o f  the study we received 639 reports o f  carriage 

by ambulance o f  chi ldren from road crashes. 

I t  was most disappointing to us to f i n d  t ha t  i n  only 35 o f  these 
639 crashes, could we conf ident ly  conclude t h a t  any c h i l d  was wearing an 
acceptable form o f  r e s t r a i n t .  This 5% wearing rate i n  crashes compares with 
about 33% wearing ra te  i n  normal t ravel  i n  Sydney. No doubt there are many 
reasons f o r  t h i s  discrepancy, but I th ink  t ha t  we are e n t i t l e d  to speculate 

on three possibilities. 

FIRST, although many chi ldren may be found restrained during the 
r e l a t i v e l y  shor t  journeys i n  Sydney, they are allowed t o  get out o f  their 

pro tect ive devices on the longer journeys in  which they are much more likely 
t o  be involved i n  serious crashes. SECOND, chi ldren l i v i n g  i n  the country 
where res t r a i n t s  are not read i ly  ava i lab le ,  are those involved in  serious 
crashes, and THIRD, the use o f  ch i ld  res t ra in t s  prevents chi ldren from being 
casual t ies requ i r ing  ambulance transport. 

As I sa id ,  our ch ie f  i n te res t  was in  f ind ing  out  how good was the 

crash protect ion provided f o r  chi ldren by approved seat be l t s  o r  child 

r e s t r a i n t s .  In our series o f  639 crashes, 20 chi ldren aged 4 years or  less 

wore a proper form o f  ch i l d  r e s t r a i n t ,  1 baby was i n  a rest ra ined bassinet, 

and 37 ch i ld ren i n  the 1 to 10 age group wore adu l t  ' s  seat b e l t s ,  a total 

o f  only 58 ch i ld ren properly restrained out o f  probably a 1000 or  more. 
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Some 16 o f  the ch i ld  res t ra in ts  claimed t o  comply wi th  one of 
the Aust ra l ian standards. Among these 16 ch i ld ren,  12 had non-serious 
i n j u r i e s  scoring 2 or  less on the Abbreviated Scale. 4 ch i ldren had 

more severe i n j u r i e s ,  as described below. 

CASE 19C 

In a head-on crash with a l i g h t  t ruck ,  involv ing gross damage to 
her vehic le and deep in t rus ion ,  a 2 year old g i r l  i n  a Safe-N-Sound Mark 7 
c h i l d  seat received severe i n ju r i es  to arms and legs. The restrained female 
d r i v e r  received mu l t ip le  r i b  fractures. 

CASE 36D 

In a car - to -car  head-on crash involv ing severe damage to her 

car ,  an 8 months old g i r l  in  a Safe-N-Sound KL seat sustained severe 
i n j u r i e s  t o  arms and legs, mainly because the seat had been installed 

wrongly. Both f r o n t  seated adults,  properly rest ra ined,  died o f  multiple 
injuries. 

CASE 370 (i). 

A f t e r  the campervan in which she was restra ined by a Safe-N-Sound 
KL c h i l d  seat,  r o l l e d  over, a 4 year old g i r l  received deep f a c i a l  lacerations, 

as d id the restra ined driver. 

CASE 35E. 

A 3 year old g i r l  died o f  brain and other i n j u r i e s  a f t e r  her 
Safe-N-Sound X4 c h i l d  seat broke away from i t s  mounting brackets under 
the c o l l i s i o n  forces from luggage in the boot o f  the car .  The restrained 
d r i v e r  died o f  chest injuries. 
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These four  cases indicate tha t  ch i ldren general ly come o f f  no 
worse, i f  not be t te r  than adul ts,  even i n  very severe crashes. 

Some 37 chi ldren wore adu l t ' s  seat be l t s .  Of these, 30 received 
i n j u r i e s  no more severe than AIS.2. The fo l lowing were the 7 exceptions:- 

LAP-SASH BELTS 

CASE 32C A small g i r l  wore a lap/sash b e l t  w i th  the sash under her 

arms. She was seated a t  the entry point  o f  an impacting 

car and died o f  i n j u r i es  t o  neck, thorax and abdomen. 

CASE 3D A 7 year old boy wore a lap/sash b e l t  when the car he was 
i n  was h i t  on the remote side. He had a contused left 

lung and kidney and fractured pe lv is .  The restrained 

d r i v e r  received a fractured sku l l  and an unrestrained 

c h i l d  dies o f  head i n j u r i es .  A dog passenger also died 

i n  the crash. 

CASE 4C A car l e f t  the road and h i t  an embarkment. A 4 year old 

g i r l  i n  a loose lap/sash b e l t  died o f  a f rac tu re  o f  the 

cerv ical  spine because the sash was i n  contact wi th her 

face. 

CASE 23D A car was h i t  on i t s  side by another car and rolled. 

A 7 year o ld boy i n  a lap/sash b e l t  was impacted through 

the side o f  the car and received a f ractured clavicle. 
LAP BELTS 
CASE 36E In a car - to -car  c o l l i s i o n  involv ing severe damage to 

her car ,  a 4 year old g i r l  wore a lap b e l t  and sat on 
2 cushions. She died o f  f ractures t o  her s k u l l ,  spine, 

r i b s  and arm. Both adul t  f r o n t  occupants, properly 

res t ra ined,  died o f  mul t ip le  injuries. 
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CASE 21E A car l e f t  the road and co l l ided  wi th  a so-called 

"guard r a i l " .  A? year old boy wearing a lap belt 

received a lacerated forehead and f ractured clavicle. 

The other occupants received neg l ig ib le  injuries. 

CASE 7E A 5 year old boy was ejected from his loosely worn 
lap b e l t  when the car he was t r a v e l l i n g  i n  r o l l e d  over. 
He died o f  a f racture o f  the cerv ica l  spine. The other 

occupants only sustained minor injuries. 

So the lap b e l t  did not perform very well  a t  a l l .  I recommend 

t h a t  lap be l ts  should not be used by chi ldren unless ch i ld  harness straps 
have been added, which i s  easy in the centre rear seats. A booster 

cushion improves t h i s  system s t i l l  further. 

Two o f  the lap/sash belts would have been more e f fec t i ve  had 

they not been worn very loosely. The other two lap/sash cases involved 

very severe crashes in  which survival wi th no i n j u r y  was probably 

impossible i n  current  cars. 

Statistics. 

Ray O'Dowd t e l l s  me tha t  i n  the l a s t  year (1978/79), some 20 

c h i l d  passengers aged 8 years or less were k i l l e d  on Queensland roads 

and probably about 400 injured. 

One i n  ten car passengers who died were aged 8 years or  less. 
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I would estimate that  th is  road t o l l  could be halved by the 
cor rect  use o f  ch i l d  res t ra in ts  and adul t  be l ts  wi th  booster cushions. 

Human Factors. 

In summary, we have a wonderful group o f  l i f e  saving devices 
t h a t  w i l l  work i n  a l l  but a few major crashes, but only a minor i ty  of 
parents have bought them, and even fewer use ch i l d  res t ra in t s  a l l  the 
time. 

We have conducted over 1000 group discussions wi th parents and 
ch i ld ren ,  i n  order to t r y  to  f i nd  out why t h i s  i s  so. As a r e s u l t ,  we 
developed the booster cushion i n  order to  help the ch i l d  who gets too big 
f o r  a c h i l d  seat. 

We are now looking a t  ch i ld  seat design, w i th  a view to 
improving t h e i r  accep tab i l i t y  by parents. This i s  very d i f f i c u l t  research, 
because we have to  attempt to  understand, not only the physical difficulties 
o f  c h i l d  r e s t r a i n t  use, but also the misapprehensions and misconceptions 

many people seem to have. 

Laws. 

F i n a l l y ,  I w i l l  venture an opinion on the value o f  laws requiring 
the f i t t i n g  and wearing o f  ch i l d  restraints. 

Compulsory f i t t i n g  i s  simply not y e t  f eas ib le ,  because there 
are too many problems s t i l l  t o  be overcome. 
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A law requiring the wearing o f  exist ing rest ra ints  seems likely 

to  improve wearing rates, so is  to be commended. There should however be 

generous exemptions, because o f  the many real or imagined d i f f i c u l t i e s  that 

parents encounter. 

David C. Herbert, 

Superintendent, 

T ra f f i c  Accident Research Unit. 

26th October, 1979. 


