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In order to rrasp tbe present situation of pedestrian accident in Japan, we have analyzed 

national statistical data on traffic accldenta and conducted in-depth cue studles on t rattic 

accldents whlch involved 113 pedestrlana acain.at front portion.a of bonnet type cars. As a 

result. lt is found that the are rroup of 80 years or older account for about half of the 

fatalltles. and that passenrer cars account for 80' or so of four-wheelers involved ln those 

accldents. About 70' of pedestrlans for passenrer cars were hlt by the front portlons of tbe 

vehlcles. Head lnjuries caused by lmpacta acainat top surface of bonnets and ler 1nJur1es 

caused by Impacts arainst front bumpers show hlrh incldence rates. 1) Children, in 

parttcular, account for two-tblrds ot 1apacta qalnat top surface ot bonnets, 2) inJurles in 

ehest, abdomen and pelv1s tend to become severer for adults than for children, riven tbe 

same Impact speed, and 3) temur bone fracturea of children are found when the buaper lead ls 

of lenrth about 80 u or more. lt •111 be hence vital to take sufficient account of the 

difference in stature when conalderin1 tbe protectlon of pedestriana ln relation to veblcle 

structures. slnce contacted areu of vebiclu dlffer between adults and cblldren, even lf the 

re&'ion of inJurles ls the saae, and location.a of iapacts tend to dlffer, even if the contacted 

area ls tbe same. 

1. INTRODUCTION 

Fatalltles of pedestrians in veblcle/pedestrian accidents (hereafter referred to as 

"pedestrlan accidents"l account for 12 to 33' (as of 1987) of all fatalltles of trafflc accldents 

ln Japan, tbe US and Europe < 1 1
• The Unlted Nations, ISO, NBTSA, etc. are conductlnr technlcal 

studles on pedestrian accldents ln recent years ln order to establlsb standards for the 

protectlon of pedestrlans, wlth emphasls placed on passenier cars. However, both domestlc 

and overseas data on pedestrian accldents are ratber old, wblch would date back to 1977 o r  

so. The deslrn of recent vebicle frontal sbape are al1nlflcantly different fro• those in 1977 

due to the lntroductlon of new materials for buapers, more rounded shape of bonnet leadin&' 

edre. etc„ but data on recent vehlcles are few. In tbia rerard. we have analyzed national 

traffic accident data for a better understand1nr of pedestrlan accldents in Japan from 

statistlcal viewpolnts (are dlstrlbutlon of pedestrlan fatalltles/casualties, type of vehicle. 

etc. ) .  As the second step, we have also conducted ln-depth . case studlea on pedestrlan 

accldenta. in order to obta.ln aufficlent and deta.lled data to allow apeclflc and ln-depth 

technlcal studies on the relatlon.ahlp between the vebicle iapact and huaan lDJury ( re11on, 

severlty, speclflc detall1) and correspondinr areu of vehicle tbat bit tbe pedestrlans 
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(shape, locatlon, conditlon ot detoraation), and the relatlonahip between the ahape of 

vehlcle front portlon and the lnJury. Thls report provldes findlnrs on the are distributlon 

and vehlcle types obtained by the analysls of national tratflc accldent data, and the 

relatlonshlp between the rerion ot lnJury and contacted area, and the relatlonshlp between 

the shape of vehlcle front portlon and the lnJury per are rroup found throurh the ln-depth 

case studles. 

2. RESUL TS OF ANALYSIS ON NATIONAL TRAFFIC ACCIDEHT DATA 
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The total number of pedestrlan fatalltles/casualtles in 

1987 was 84 , 265 ln Japan·, of which the nuaber of fatalltlea 

was 2. 71 l. As shown ln Flrure l. about 80' ot 

four-wheelers lnvolved in such accldents were bonnet type 

passenrer cars or vans (hereatter referred to as •bonnet 

cars"). Approxlmately 70\ ot pedestrians were involved ln 

the accldents when they were crossinr roads (see Firure 2), 
� and frontal portlons of vehlcles accoun ted for 70' or so ot c9 

the portlons wlth whlch the pedestrlan collided arainst 

(Flrure 3).  
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The flndinrs are slmilar to those reports prepared by 

the EEVC Com.mittee<z and Alhton et al ts .  The are rroup 

of o to 15 accounts for 42\ of pedestrian 

fatalities/casualtles, and the are rroup ot 80 yeara o r  

older accounu for 52' o f  the fatalltie1 (Flrure 4). 

Accordinr to the EEVC report <z , aany casualtles (43 to 

56') are found ln pedestrians of 15 to 64 years old. Many 

of the fatalltles (42 to 49\) are also found in the saae are 

Figure 1 Conltitution ratio of vthielt 
typt <1987). 
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3. FINDINGS OF IN-DEPI'll CASE sroDIES 

In-depth case studies and analysls have been carrled 

out on t rafflc accidents that lnvolved 113 pedestrlana who 

colllded arainst the frontal portlon of vehicles, ln order 

to obtaln sufflcient accident data to allow specific and the 
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ln-depth technlcal studles on the relatlonshlp between the reclon of pedestrlan 1nJury and 

the contacted area of vehlcle. and the relatlonshlp between the shape of vehicle frontal 

portlon and the lnJury per vehicle Impact speed. The total nuaber of lnJurlea of 113  

pedestrlans l s  425 (see Table 1).  which are classifled by the Ais-a5 <•1 • The total nwaber of 

pedestrians wlth lnjurles rated as AISl or 2 ls  57, that of AIS3 or 4 ls  32, and tha� of AIS5 o r  

6 i s  24. 
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Leg lnjuries account for the hirhest rate 

(37\) as shown in Firure 5, followed by head 

lnjuries (27\ lhcludln1 faclal inJurles) and 
arm inju ries (18\).  The incldence rates are 

nearly the same between different ace sroups 

(see Fl,ure 5). Accordins to tbe 

classiflcatlon by AIS ratlnr. lnJurles of AISl 

or 2 are found in tbe les rerlon (34') aore 
than any otber rerion, wblle tbose of AIS5 or 

6 are found in tbe bead (80') aore than any 
other rerlon (see Fliure 6). Component 

ratlos of AIS classlfied by ace croups 

showthat the incldence rate of AIS5 and 6 

lnjuries is hlrher (13') for pedestrlans aced 

60 years or older. compared wlth otber ace 

rroups (Fiiure. 7). 
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3-2 cause of InJury 

InJurles caused by 

Impacts aralnst vehlcles 

have a hlrher rate (63%) than 

lnJurles caused by Impacts 

aralnst road su rfaces (31%) 
as shown ln Flrure 8. As for 

the contacted area of 

vehlcle, front bumpers 

account for the hlrhest rate 

(31%). followed by top 

surface of bonnet (28 % , 

lncludlnr wlnr ) ,  bonnet 
leadlnr edres (20%), 
wlndscreens (7') and 

wlndscreen frames (5%). 
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Fi�re 8 Const itution rnio of C1UM of injury 

3-3 Relatlonsblp between Reclon of lnjury and Contacted Area of Vehicle per 4e Group 

The relatlonshlp between the rerlon of lnJury and the contact area of vehlcle per are 

rroup (classlfled lnto chlldren of O to 15 years old, and adults of 18 years or older) ls shown 

In Table 2. As· for cause of bead lnJurlea, the top aurlace of bonnet ( lncludinr winr ) shows 

the hlrhest rate for chlldren, wblle tbe area between the top aurface of bonnet and the 

windscreen ( lncludinr windscreen fraaes) shows the hirbest rate for adults. For neck 

InJurles. lndlrect contact injurles and tbe top 1urlace ot bonnet account tor tbe hirhest 

rate for chlldren, whlle lndlrect contact lnJurles account tor tbe hlrbest rate for adults. 

For ehest lnJurles, lapacts qa1n1t tbe top surface ot bonnet and the bonnet leadlnr edre 

account for tbe hlrhest rate for cblldren, whlle l•pacts qainst the top surtace of bonnet 

account for the hlrhest rate for adults. For feaur lnJurles, front bumper are the rreatest 

cause for chlldren, whlle front bumper and bonnet leadlnr edres are the rreatest causes for 

adults. Front bumpers account for the aaJorlty of cauae1 for knee and ler lnJurles for both 

chlldren and adults. As descrlbed so far, contacted areas are different between chlldren 

and adu lts even If the rerlon of lnJury ls the sue, and locatlons of Impacts are also 

dlfferen t even lf the contacted area ls the same. 
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3-4 Iapact Speeds 

The hirher the impact speed, tbe severer the injury becomes caused by impacts arainst a 

vehicle. But the same tendency cannot be found for injuries caused by Impacts aralnst road 

surface (see Flrure 9).  Accordlnr to the comparlson of Impact speeds per severlt.Y of lnjury 

( Flrure 10) ,  lt ls found that lnJurles of AlSl or 2 occurred at lmpact speeds of 10 to 45 km/h. 
those of AIS3 or 4 at 10 to 55 km/h, and AIS5 or 6 at 25 to 70 km/h. The lmpact sp�ed obse rved 
In terms of the 50,lle ls about 15 to 20 km/h for AISl or 2, about 25 to 30 km/h for AIS3 or 4, 

and about 45 km/h for AIS5 or 6. In comparlson wlth tbe data of the report prepared by 
Ashton et al. <0> . the l111pact speeda ln terms ot the 50,Ue Impact speed in Japan are about 5 to 

10 km/h lower than tbose of Asbton' s report. The comparison of lapact speeda ln terms of are 
rroup is done between pedestrlans of 16 to 59 and those of 60 or older, whlle chlldren are 

excluded from the comparlson since tbeir stature are sbort and contacted areas of veblcle are 

likely to differ from tbose of adults even if the rerion of lnjury ls tbe sue. If tbe severity 

ot inJury ( rated by AIS) ls the same, lnJurles tend to occur at lower Impact speeds for 60 or 

older people than those of 16 to 59 years old as sbown ln Flrure 11 .  

( a )  Veh 1c les (b) Rotd surfte• 

l11>1et aoted' (ka/h) 19')1Ct aoted (ka/h) 
F1gure 9 Relat ionship btt„.,, vehiel1 i11D1et aoted end 

AIS (V1h ie l1  eonttet and rotd surfte• eontact). 

4. DISCUSSIONS 

4-1 Relatlonshlp between Stature and Bead Iapact 
Area 

The top surface of bonnet accounts for the 

hlrhest rate as the head lapact area for chlldren, 

while the area between the top surface of bonnet 

and wlndscreen (lncludlnr the wlndacreen frame) 

accounts for the hlrhest rate for adults. Slnce the 

head Impact locatlon dlffers by stature, lt ls 

assumed that tbe stature ls a aaxla\111 of 131 ca for 

chlldren and 150 cm or taller for adults, accordlnr 

to relative locatlons (see Flrure 12) between tbe 

averare helrbt of bonnet leadlnr edrea of veblcle, 

obtalned from to ln-deptb case 1tudiea (averqe of 

530 111111 to 850 u ls 730 u : see Flrure 13) and the 

pelvls helrht of pedestrian (the belrht of 

lllosphlnale ls assuaed u tbe pelvls beirbt in thls 

report, Flrure 14). Bead 1apact locatlons of 

pedestrlans wltb stature up to 131 ca (to be called 

"chlldren") and 150 ca or taller pedestrlans (to be 

called "adults") tend to be dlvlded lnto two areas, 

the front and rear portlons, tbe rear wbicb 11 

behlnd the shock tower on a bonnet (the slde closer 
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F i �re 1 3  Average. llllti ... and •ini ... vah.111 of 
bomtt len;th. bomtt edllt and front 
l:UllPtr heii;,t of veniclH •111.1rtd Of 
in-dtpth CHI ltudy, 

to the wlndscreen) , as shown In FI�re 15. Lenrths 

of vehlcles subjected to Investlration are In the 

ranre of 720 mm to 1560 mm as sbown in Flrure 13. The 

dlstance between the head lmpact locatlon and the 

bonnet leadinr edre (head Impact dlstance) ls 1n the 

ranre of 95 mm to 910 1111 for chlldren. In other 

words, the heatl Impact locatlons of chlldren fall in 

the two-thlrd area on a bonnet froa the leadlnr 

edre. Chlldren account for the rreat u.Jorlty of 

head lmpacts aralnst top surface of bonnets. For 

adults. on tbe other band, about 60' ot head 

lmpacts aralnst top surface of bonnet are in tbe 

scuttle. and about half of the head lapact1 tend to 

concentrate on relatlvely solid portiona such as the 

scuttle. bottom of winclscreen fraae and the 

wlndscreen Itself. 

4-2 Relationshlp between Ase and Cha.t, Abdomen 
and Pel via InJurla. 

Some differences are observed between the 

different are rroups of o to lS years old (chlldren) 

and 16 years or older (adults) 1n the senrity of 

lnjury in ehest. abdoaen or pelv1s even lf the 

" 

Hip(pelvi1) heii;,t 
i l io inele htii;,t 

Fi�r1 t• Hip(pelvi1) heii;,t and 
knie he i i;,t. 

0 
e 

G1fJ 
<:> 

0 = I» to 13\ca 
0 '  150 or tel ler 

0 
0 

G> 

IUlber i n  the ci reit ..ena i1111Kt IPMd 
of tht whicl1. 

Fi�re 15 Oiatribution of hlld/fece contect 
poa i t ione by 1t1tur1 of pedastriana 
on bannet and other port ion. 

rerloo of the lnJury 1s the saae. In case of lapact between the ehest and top surface of 

bonnet. the InJury tends to becoae severer for adults than for chlldren, as shown in Fl�re 

16a. Thls ls p resumably because the speed of secondary lapacts of ehest &rainst the top 

surface of bonnet tencls to becoae hlrher for adulta due to the1r hlrher stature. The InJury 

ln abdomen does not occur for adult• at lower speeda than thoae for chlldren as sbown ln 

Firure lSb. · This Is presuu.bly because the abdoaen location of adult 11 hlrher than the 

helrht of the bonnet leadlnr edre, whlch prevents direct lapacts between theL In case of 

AIS3 lnJurles or severer (perltoneua daaare, rupture of bladder, etc.) that occurred at 

lapact speeds of about 4S kalb or bisher, lep were apt to be caurbt by the front buapers on 

the prlmary Impacts arainst thea and drarred 1n tbe veblcle runnlnr dlrectlon due to hlrh 

Impact speeds. Therefore, tbe aaount of parallel travel of pelvl1 wu lncreued, then the 
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pelvls dropped downward, both caused by the secondary colllslon acainst the bonnet leadlnr 

edre. In case of pelvls lnJurles, bone fractures (AIS2) are found ln adults than ln children 

as shown ln Flr-ure 16c. Thls ls presuaably due to tbe tact that many chlldren were hlt nearly 

sldeward around the pelvls, whlle adults were hl't around the lower rerlon of tbe pelvls 

( rerlon near the hip J olnt) by the bonnet leadinr edre due to tbelr hlrher stature. causlnr 

the fracture of publs or lschll. InJurles ln abdomen and pelvls wlth severltles of AIS3 or 

hlrber tend to have lower lncldence ratea than those of tbe EEVC report Oll . 

1/) -
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4-3 Ler InJurl� and Vehlcle Frontal Sbape 

• 

70 

Stature of pedestrians were divlded into two caterorlea, up to 131 cm (chlldren), and 150 

cm or taller (adults), and tbe relatlonsblp between tbe buaper lead (bonnet lead) lenrtb or 

anrle and tbe fracture of femur or lower ler. or tbe lnJury of Uraaent were lnvestlrated. 

Femur fractures (AIS3) of cblldren tend to occur wbere tbe buaper lead exceeds about 80 mm 
(See Table 3 and Flrure 17). For adults, on tbe otber band , tbe front bumper tends to 

become tbe area of contact wbere tbe buaper lead anrle (see Flrure 13) la 85° or less, wb1le 

tbe bonnet leadlnr edre tends to become tbe area of contact where tbe bumper lead anrle ls 

65° or rreater. For cblldren, the tendency of feaur fractures aay be descrlbed as follows ; 

wben tbe bumper lead ls lonr. tbe lapact load tenda to concentrate on tbe lmpacts between 

the bumper and femur as sbown ln Flrure 17a, wblcb cauaea tbe lncldence of feaur fracture. 

When the bumper lead ls short, Impacts on tbe human body (near pelvls) occurs not only 

agalnst the bumper but also aralnst the bonnet leadlnr edre, rrllls, etc. almost 

slmultaneously. These disperse the lapact force and reduce the lncldence rate of femur 
fracture 1 tself. In case of adul ts, the lmpact load tends to concentrate on the colllslon 

between the bumper and femur wbere the bumper lead ls lonr as shown ln Flrure l 7b, the same 

as ln the case of chlldren. When the buaper lead la sbort, lapacta aralnst not only the 

bumper but also aralnst the bonnet leadlnr edre. rrllla, etc. would occur alaost 

slmul taneously. These should have reduced the feaur fracture lncldence rate, but the 
lncldence rate does not drop markedly as the lapact load concentrates on tbe secondary 

Impacts of femur aralnst the bumper leadlnr edre when the blps travel parallelly and the 

to rso falls on the bonnet. Tbls tendency la slallar to tbat of Asbton' s report '01 • InJurles 

of knee llrament (AIS3) found only ln adults do not sbow any relatlonablp wlth the bumper lead 

lenrtb or anrle, but tbe buaper helrht appears to attect knee Uruent lnJurles slnce the 

helrbt of bumper and the helrht of lmee are about tbe aaae. Lo•er ler bone fractures (AIS2 

or 3) are not found ln the chlldren, and do not sho• any relatlonsblp wlth tbe buaper lead 

lenrth or anrle for adulta eltber. Aa lower les bone fracture are found even wben tbe 

Impact speed ls u low u 15 kll/h, tbe posture of pedestrlan - e. s. .  wbetber or not the 
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weirht of tbe pedeatrlan ls applled lnto tbe lers at the 11<>Hnt of l•pacta - appeara to atfect 

the lncldence of lower ler lnJury. Sl•Uar to tbe report<'TI prepared by Ceaarl, et al.,  

l lrament lnJury and bone fracture did not occur sI•ultaneously. 

Table 3 Re l 1 t 1 onsh1D bttween f racture of f1111r and bulDtr·lead 
length. bullo1r· l11d ang le i n  l>tdtst r i an of hei�t uP to 
1 3 1 c• and 1 50cia or  ts l  ler. 

l!tIJ Front bullot r 
l!Il!lllIIJ 8omet l Hd i nQ ed;e 

b )  150e• or tal  ler  (Ackll tsl  
(IUIOtr of l>tfMlll : 33) 

R : Ri�t f-.ir 
L : Left f.-jr 

al  Uc to 131cia (Chi ldren) 
(tue>er of 11trM111 : 23) , .. . .  , · · · · · 

„ .  1 ... . . L 
0 

10 65° or I•  

SOftTll or les s 40 
IO ' 10 
IO 11 IO -· � s  
IO 
10 

" 

• 
„ IO 

ID 1 W or mo 
80- or mo re II 

II -· 
IO II '° 

100 ID' 
III 110 
110 
llO - s  -· 
114 

t::1• ' , ... , 

• • q 1 L •D 1 
lO II II II 1 
10 1 ,,_.1_ II � 1  
II 
11 -s 
II 
u 1 
u 
" ' 
u 1 1u11„t 
„ .. '"' 
n 1111m11 
„ 
u 1 II· 1 
Tl 
u 
II II 
Tl 1 
!I 
„ 
IO 
n 
u """' 1 II 
u „ 111111111 

L IUIOtr •ens AIS. _J 
5. CONCLUSIONS 

. . .  „ . ,  

Figure 17 Colipl r i Mlll of  i1101ct P'ttern for 
eh i 1 d r en end IO.I 1 ts ( 1 ong bullot r 
lead end short tulper lud). 

Pedestrian accldents were analyzed tro• a purely 1tat11tlcal vlewpo1nt, accordlnc to tbe 

national trafflc accldent data 1n Japan and fro• a detalled 1tandpolnt based on tbe flndlnp 

of in-depth case studles tor the satety of pedatrlans. 

(1) Approxlutely halt of pedeatrlan1 lnvolved ln fatalltle1/casualtles of traftlc accldents 

are in tbe ace croup of O to 15 years old, and about half of pedestrian lnvolved in 

fatalltlea are 60 years or older. 

(2) About 60 ' of four-wheelers Involved In pedestrian accidents are bonnet type cars. 

(3) About 70 ' of the pedestrlans were blt by veh1cles whUe they were crosslnr roads. 

(4) About 70 ' of the pedestrlans were hlt by tbe front portlon.a of veh1cle. 

(5) There are more InJurles of pedestrlans cauaed by vehlcla than thoae caused by road 

surfaces. 

(6) Many of tbe lnJurles are found in the head aca1n1t caused by l•pact the top surface of 

bonnet, and 1n the ler aca1n.at frontal bu•pers. 

(7) Head lmpact locatlon1 of chlldren and adulta are d1vlded aalnly 1nto front and rear areas 

on tbe bonnet beh1nd tbe front shock tower. Ch1ldren account for tbe uJorlty of head 

Impacts acalnat top surtace ot bonnet, u tbelr l•pact locat1on.a fall ln the two-third ot 

area between the bonnet leadlnr edce and the rear of tbe •hock tower. Bead Impact 

locatlons of adults tend to concentrate on relatlvely solid portlona auch as the scuttle. 

botto• of wlndscreen frue and tbe wlndscreen ltself. 
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(8) Ioju ries in tbe ehest, abdoaeo and pelvls of adults tend to becoae severer tban tbose of 

childreo, even lf tbe lapact speed ls tbe sue. 

(9) Femur bone fractures of chlldren are found when tbe bumper lead lenrth exceedl about 80 

mm. For adults, buapers are the area of c'Ontact wben tbe bumper lead anrle 11 85° o r  

less. wblle tbe bumper leadlnr edre l s  tbe area of contacted when tbe bumper lead anrle 

exceeds 85° . 

As descrlbed so far, lt ls vital to take adequate account of dlffereoce ln stature between 

adul ts and chlldren for tbe protectlon of pedestrlans arainat veblclu. Tbis ls because the 

area of cootact may dlffer even tbourh tbe rerlon of lnJury ls tbe same. Sllllilarly, tbe 

lmpact location may also differ even tbourh the contacted area of vebicle ls tbe same. 
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