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Haddon Matrix Modification
Willian Haddon Jr. 1970

faiaue nszurums Ianudayauaznisaauautlesiu Natthakarn Thailand Modification 1997-2014
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(tertiary prevention) N )
AINUNNTT pre & post hospital
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WORLD REPORT ON ROAD TRAFFIC INJURY PREVENTION: SUMMARY lgiasuasdninus
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1. Managing exposure with land-use and transport policy
1.1 Exposure to risk of road traffic injury
1.2 Reducing exposure through land-use and transport planning
1.3 Encouraging the use of safer modes of travel
1.4 Minimizing exposure to high-risk traffic scenarios

2. Planning and designing roads for safety
2.1 Risk of injury from poor planning and design
2.2 Safety-conscious design of roads
2.3 Safety audits
2.4 Remedial action at high-risk crash sites

3. Providing visible, crashworthy, smart vehicles
3.1 Risk of injury from poor vehicle design and maintenance
3.2 Improving the visibility of vehicles and vulnerable road users
3.3 Improving the crashworthiness of motor vehicles
3.4 Designing smart vehicles

4. Setting road safety rules and securing compliance
4.1 Risk of injury from lack of rules and enforcement
4.2 Setting and enforcing speed limits
4.3 Setting and enforcing alcohol limits
4.4 Medicinal and recreational drugs
4.5 Addressing the problem of driver fatigue
4.6 Reducing the risk of junction crashes
4.7 Requiring seat-belts and child restraints
4.8 Requiring helmets on two-wheelers
4.9 Banning drivers from using hand-held mobile phones
4.10 Educating and informing the public
4.11 Delivering care after crashes
4.12 Improving care before reaching a hospital
4.13 Improving hospital care
4.14 Improving rehabilitation

5. Doing research
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1. msdamsanudesiae uleurenisiduiinazulsutensvuds (Managing exposure
with land-use and transport policy)
1.1 ﬂﬁé’uﬁaauuﬁﬁﬂfnmﬁmqﬂ (Exposure to risk of road traffic injury)
ausndulunsiauuiasUSinanisasasiitiunn vldAneeudessenisuin
Fu Tnslanzegnidnsasasifieusuduusiunaneviin vareruia vaneannanss 38051 warau
Wiluauy safluuumardudae wnlsifinasmannulaondelm 1 Aldua Ysssmudldouunss
mwmﬁmqﬁuﬁas 9 UUINIUNITITIDT
Usemasgldsuazuunanssnunniidunifunisldomivueaesdeidudn
vy Bsdodugummugiflenauiadugs vieusiluouan 25 Uioluil Aseunsrdulnguesuns
Uszinaazdaldannsadsosudla Jsazdinadinsldinserueusiiuunn
Ussimadoaudidnseueudinniduiosay 95 veswummuznnvile waziiled
wa. 2544 madulavessnudnseusudludonunaiiugsdsiesas 29 wagnsmeannsUIREY
vunuwintSesay 37 ety
Usanalnefinseususisvanadosas 70 veseun iy n1siusuu
dlod w.a. 2546 Uszanudovar 6
12 anpnudsslnonsnauaunsuds warnsEui (Gaiieq) (Reducing exposure
through land-use and transport planning)
nsrdnnnudesniaiumaiudululelly uwinisanszesmaaznaniifesesly
M Wuddiaansailiantosadls
- msUssdlueuvaensevedasisauuiiieade sty uumseni uidudu
devinulgiios dhulnajiusiaiinsdssdiumnutaensevedasmeauuiifisrfesissuy Wudding
¢fos daulnajduonaiimsusziiurnulasafovesauuitadsmiviaamzlulassnsivl Ysemail
fivsaunmsaisudiuauuiiosyuu fe wisesuaud
- dudsudnuansiituiiegeiiussavinm eanUSinauarsveznisiuma
anuiilafeusedluiduusza mseding o fu wu 7iin vhau TseBou Teasswaun mainieuvteu
T2 Wusiu mnlioglndiu mstiszuvrudsansisarludddlagie wu Ussnauasnsaduidodinseu
Tanilsalwlng « lalneazain 1Wusu
- dmdunsiiduuazdeansoniiliildouuiidoslona (vulnerable road users)
auAuausazalinseutndnauledendunmedifuashend whndumahusUaendetosfin
fnsfnwiluusida iindln wazgniue nud auRuhinasRudimauuRsuaEInnIsElY
Waznuans svuumssssmsiieleiiviunn Swnrsdademmaanzdmsunisasas dedlsdld
luFadumenuAuniedumadnsedinniian msamaslafliléiidmneieatesiuguaudy A
msdedliiuanyuy
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1.3 nsgrulvigauiululdnissuwuuiiunieivaensde (Encouraging the use of safer
modes of travel)
a A o a ! = a !
anNsAUNIgULUUTIEDS MsRunislugdiuudig 9 Ianudesianisne
v = = oA = = 9 o s 129 s o
wANFaiL NNsANwIuIVElsY wud WewSeuisuiugldsasud glidnsenusuiidssnn
I ! a v o ' Yo d' ! roa = = ¥ & U
Ju 20 Wi awduwides 9 wh uasaulddnseudss 8 wih willewSeuisudldsaouddu
Y A i Y s = ] [ oA A Y ¥

nslderumvuedy wud Mmsldsasudlinnudssionisamennidy 10 wih Wesisuiugldsn
Ingansansnsady MsInlin1svudsaavuia wu sl sava udu avdrsannsidumslngs
megULUUNSIAUNaEANUEsasla

gnsenansninseauliauiuinldnisvudsasisaemhuldls wu msivun
UM PANEATH ANTIUAUNIMEETEUUMNAEAINLAZIY S1AALAuNRaulUIELe (53u
fesmaniiiawdmivinGew) n1sdnnunvensadiudiiasndeiiolinufunimeniese
ans1sauzliiegediula 9eRensauiing dunadusodnsenu uazdnseueus Nuenuazgningss
waziFendeniunvenlivinzauduiiey saumiagudneal/ nsanudsnieluse vildauldusnig
soans1saznTule wenvnilonvanussgalanisidenuminuesduld wu inuadunduunedy
\fiursensadudaluiiansisasliagu wie mvualidldsadiudisiod seldunne wasdl
fiunvenduvosmuedutou udu

TABLE 6

Deaths per 100 million passenger-kilometres versus
passenger-travel hours in European Union countries
for the period 2001-2002
Deaths per 100 Deaths per 100
million passenger- million passenger-

kilometres2 travel hours®
Roads (total) 0.95 28
Powered two-wheelers 13.8 440
Foot 6.4 75
Cycle 5.4 25
Car 0.7 25
Bus and coach 0.07 2
Ferry 0.25 16
Air (civil aviation) 0.035 8
Rail 0.035 2

2 passenger-kilometres is the total distance covered by all the indi-
viduals travelling on that mode.

b pPassenger-travel hours is the total time spent by all the individu-
als travelling on that mode.

Source: reproduced from reference 90, with minor editorial amend-

ments, with the permission of the publisher.
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1.4 aﬂamwmiﬁm%ﬁﬁmml,?'imgjﬂ (Minimizing exposure to high-risk traffic scenarios)
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20-44 U fin1sfinw Case-control Funily nudanasaaaransEuINgRmnIasAnfuddud
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Tnduaud iWulssmmsniiGunstilueygedudesnadudunou (a.a. 1987)
warUsenAoaaasLAe ansgenin uardnnu Aldliinasnisfinanaumn mstwuaduneunsls
Tueyndudvesinfuaudlidmiuuservuety 15-24 U flo duiinls svoznm 6 deu lhiulilne
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2. MsMsukunazeaanuuuauulilinaulasnie (Planning and designing roads
for safety)
2.1 AUEENRINNTODNLUULAL N (Risk of injury from poor planning and design)
msasouuilidddalidnseumarauiunuy liinsuadufatuinnme
MnuedluyuANUAAfEUINFUAINGIILEY AUEIAYSUAULINEGR AB N1TTINETUNIILLYNYTR
sevwalvg) wersunadn Wuauwieddu Tunsegean auduauuasdnseudanuvasnfvgdlu
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22 mseenuuuauuegelidinGasmuuasnst (Safety-conscious design of roads)
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vildluanuvesdnafsnisuIniiudeilamnsnI AU
nseRNLUUTIINZaNAUMTNTIveInUY WU auudmMTUIIANLISIEY auLTLUY
puUdeLABABIUUULSN
auvluguvy msifnamsliiiAu 30 nusevy. uazlinsoonuuuiiieana i)
Y9330
N130NLUUALUAMTUALIALLALINTEY
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nseenuuUauudmiUALTU Aud wazaulgasuEUA
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2.4 Remedial action at high-risk crash sites
- msuAlvUdulagesunsne dadesiinisdisianuy uazduiunmaudly
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Death of a driver in vehicle
with an air bag compared —Women
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R )
10 | msldudniisde (%) 20.56
11 | $ovaziiindsnndiiomg
11.1 whgunndgniadu 39 | 12 | 46 | 62 | 59 | 83 | 91 | 115 109
11.2 yadlduaz]sie 38.0 | 34.8 | 324 | 34.1 | 31.8 | 29.3 | 27.8 | 28.0 | 30.3
11.3 61979 20 | 48 | 35 | 28 | 28 | 24 | 25 |2480]| 22
11.4 gvisediiumenisaiigs 56.2 | 59.2 | 59.5 | 56.9 | 59.5 | 60.0 | 60.6 | 58.0 | 56.6
12 | vamsUgimeruaiisnunsdldesio
ﬁ]ﬁﬂﬁﬂ']u‘WEJ’]U’la’:]Iu
12.1 :emsguanismela 47.9 | 31.0 | 203 | 189 | 155 | 12.8 | 151 | 122 | 10.8
12.2 Man1sdnilendhasa 287 | 21.0 | 16.1 | 154 | 156 | 150 | 159 | 139 | 105
12.3 ;ranslfanstmavaonden | 224 | 154 | 107 | 87 | 73 | 65 | 66 | 60 | 65
(Wunde)
12.4 919N 5UE0N 153 | 89 | 62 | 57 | 44 | 35 | 39 | 31 | 34
13 | fnsuaduiidsesdunsundu 314 | 331 | 328 | 32.1 | 333 | 363 | 382 | 386 | 385
JuussasTian (Fevaz)
14 | menoudis sw. (Fevazainnisny 27.6 | 331 | 287 | 23.7 | 276 | 230 | 194 | 21.0 | 211
Y1991310)

dins:u103nen drdnnudosiunaunulsai 1-13
&1UnnuaIsISaugyaIHIO NS:NSIAISISUGY llazIAS oY 1gaHa1INIUS=INA



AR
o0
e @ Wi = P

nagnsmsauaumsuiatiuvavavamsauisfan
A 5 - year WHO strategy for road traffic injury prevention

msvaduangiimmanasiudulymddymsensisgy mnmsmauszaudod we.
2502 wu i 3eTAndeavnivlanuszan 1.2 Suau Jgmilifeldtuaulunssdu wsvgiug
winulgunnitlunguingldtiesuasidiofammuiinuaussiloniasentin vidouyanmnduuuni
leteanindnme

Tuefn mvmdungtRmganashildduanuadls mneauindnindudesifalagl]
19ila viefudesadvnrznn udlulagtu Wuilvsuid nisumduangtimmmaniudesd
tostiuld Fudndsde dasfedmiudn mnndsfeveslidnseiueud msdanisesasiiaingn
undhediu Sruudsiiigatiudridestumsunduls

wasmstestunmsuiniuanngtiimgesesdulngsidunslulssmaiisnge dulszme
flonaufissnsiinsmes maviadu uazmsiinig lushaiigeiel Ussmamand Snnusauegneds
Tunsivungnsmansfvnzan dumu uaeiiuseaning i1 “oanvan” Tuildnne nnsfiansan
anududeuvestigyuazauansalumsatuayuninensiitelilunisuitymluisdasseime
swdamsfiansannmsnsiiaeldlsnaluusemedumntou

mMsWangnsmans Ussmaduluaidiudesnisteyafianinfiduey dsidesiodrsgnies
1nTu fo Snunarvinvesnsuindu sudsadewandon (crcumstance) vesmsiianisuinigu
doyamaniazdlmiiuin msviaduduliymuesssmanntosudlm Jamiuniiuile uazila

o =

AeansunIMsdestiuiazarunusaduLInyan Ussimadesnsiussdyandanuiasntnuiuly

o
Y

nsdfudigmi daensflestiarudanasnisaduayuin lulndhillansazaunsondesdin
AulatuduasTiies

wietdumsatiuayy ssdnmseunsielan Tasununenueudestunsuiaiduuaznisliam
suuss IduszanunnusuiioruesdnsuassiBorvameasIsnguainyn continents ioWALIUAY
gvsaans 5 U ienstosiunmsuiaduannsasas sl qﬂnﬁmam‘ﬁ%Lfluummﬂﬁm%’uﬁﬂ
3o {UATR uazditmunulouigluFest lubsiarilugnisiiininaesgliduiunanniy suds
nsdasufuauddyesmnurimiietestumsuiniuainnisanas
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gnsmaas (Strategy) vavavamsauwsian

FevimiBeensmansveinisdeaiunsuinduainnsasas - esdnsewdislandesnisyiy
wrtlestunsuimiduninnissesdidunnsnismssuguilan filfeantgmnsuindue
floglusziuganniiuminaeduld uazuonmnidaduninduiimslussmaneldtosuazdiunans

Strategic Objectives

- aaasuanssaurluseAuUsEIA uaziiosy TumsAnmauung ANLTULSY WATHANTENU
103U IN15UIAEIUAINNITITIAS

- suenaudesiunmsuiaduannisenasdidusasnsansisaguilan

- daaugmemansidunsmidunsuasainenudilafwansenuresammunaiunnmsesnas

nsaugnssdas (Strategic Framework)

msRangmsmanTTvesesinsentlanilifansanamusuiuseufunnuaiands
5388 Audinvemsnenslulsenaing o evseanslanani

- YOIINEIUVINVBIBIARINS

- mymidunuthgdu wasnnureaniedhuasaa lnanmnglulsanmaneliouasuminans

- anunnigiuuazuiuRsiuanuBnmasumsaiuALLaE AMAGILBY 9

- Temavesnssauile uazUszanunumelunrassagy uaznndudy o

- aannafivinzay veanrwdndulunsliteyadaonssaun teya auduaiveg
(30 AuduiusMesEUInIne") deyainnsnsiduszavsaa uaz arwdndulunsdidunsufos
wmssAduinsuAndriiiuszansug

- anudengFesi ifegiunarlomalumsaiuanuideang felunsassuguias
msteaiunsuindu lnsnglulssmaneldilosuazuiuna

grsmansiuiinnuddu warmsszydmineszozen nnnimsiuiunmstuusng

waldegu sudadudeyaidnau (evidence-based)

K/

ADVOCACY ‘

Figure 2 : WHOs added value in road traffic injury prevention
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FTUININYI WusHAS
L duasunisld |- Aunnion1sduasigiiosnd |- wuanenisilasig | Collaborating | 2001 - 2003
ssuwAmedany | mnudainddidiegia JoyanAugivesn1s | Centers
gmnsundu |- fawwnedanmsifiudeya | vindunn1sasas | GFHR
91NN15957195LU waEIATIZY ﬁgﬁaaﬂaﬂgu - ﬁmﬁaaﬂamm@uﬁﬁ”’uﬁw Regional of-
sreve lnwd 0l wagnRvnd (Minimum dataset) | fices
Brsfivdeyadl |- Wanndow wazmsdn |- quaszuugiudeyaieie |IRTAD
wwspruuandy | vnevyidunesgu | eBidansetied vesms | TMA
WeAans - fianndeiid infinau VIAKUIINNITIIIR3
Qealtort - gudeya
- ufiunsAneidely
viangUsena Liethudin
NANTENUNIGUATN 7
iesnmisuiaduan
11595135
2. fensemide |- numussuumaiudeya |- gudeyatedeideses | Collaborating | 2002 - 2004
jutuiiteduides | luefnuagtaqiu MIVIALIUIINNNTAIIAS | centers
YDINISTUIATY - uitnsdeuawily | Tutszmesieldtiosuay | Research
91NN1535795 We | WeUSInamasidennn | diunang institutes
mgegndddy |- dudlunsAneidely GFHR
Usenefidsels waneUsewe Wiiodeuai Regional of-
fosuazUnans | wiaduideazag fices

WY weanesea
AHEINIU

(wu anuladwindien) Tu
Uszinefidselddosuas
Junang
YINUTIWAUNUSTATIIN
Uszinaelatesuay
U1unans iieuenwa
ﬂswwwqmmwﬁtﬁm
11INANUYINAY
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gNSANANSAIY . Mgy |,
- HNUUHUANTT o NIRUALIAN
FTUINING Wusilng

3. NSEAUATETY |- SEASETETENTINYSEWA | - LUIMaNsHneusung | Collaborating | Ongoing

szauginmalagdl | szAugiiniages o Usilusiuyursedlddne | centers

1Y

Useimaselatos |- Weuletosdnsmassiu | yumswgiawaenedsey |Regional of-

WazUUNae S | AVINEAY ARnNMsUIAEuIN | fices
fafmundnen |- nsedulifiAnanusiudle | msesiasuaznsi@env | GFHR
maihaulusgiu | Wusiies uag nsUssRn | vedeunIuY GRSP
Uszine - Winsaduayuidaneda |- WHUTR-s0u Seuduuy
uivssmaioiauulov | Sldusiu Gesnstiesty
Renfunsuinduan NMSUIARUAINNITITIAT
N1393199 (interactive CD-ROM)
- NILAUNTENTNATITUGY |- MIRWUINENGATNT
Tunsueumneay Anwszaugedmiy
A15NTIUFVANARTTE YAANSANSSUGUT

antuludnvazifendu | UfuRouudn
T dugudnsidenis
UIARUIINAITITIDT MY
uAazUITINA

- AHuNIsa9U Field
Epidemiology Training
Program

- flasansuanideuFous
Fatuuaziu wanely
uazsEnInUseiva

- daEsun1sive IneluIvig
st anaaufivus
ATUUITY
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The Mechanism of Injury fimudfgiunsitadensuimdureswnmd UnfinsSeumsaeu
Fostl avuss9edlundnges Pre hospital trauma uslaiaziBentinn1sussensiFas The Mechanism of Injury
psil FondudomifvsslniserussenslumsUsssuiiduwiusnlussnalnedomasnaunany
ML Wiy ufumsiiugiusunieiaemans lummsnisunmg The Mechanism
of Injury d3eudazifudsihlistosiuls winssiwmdailomalinsidedeiananatosas

Wo.UN. 5IYVE N1YIUTUNT
wulngda Waay

sz WWunsAnwBesaussiiinnsesiee tissue uazfinw tissue fildFummdmenendsaingn
nsgvhdusInseYiunii tissue ignuld tissue tuftawdeve fusiuardnuidesmeusiiinassh
# tissue IiRagyilfmannsaUssduldd tissue agldfuuindurualmsomanssvhue sy
yhliunmduasneuaseudirensquasnuniinelifdunsitadevoumsisiusuargnionnniy
Tushauszimaussqliluvdngnsiin uwndfieenlufiusadtn sxannsausaidildidewiuaninsa anm
auu Uselumslasuuiniu vbiansamanmaainnisuindulddts 95% wdeadnarmansuas
fosdladnmnusduiusiuwss AnusT use uay Snvarvesing dnasen1sdemeves tissue uaz
dnwaizYed tissue UazoenafiFnaiu tissue i elastic et frusamniAundti tissue azvuldfiAn
sy dusannsameeziusinueausifiinnsevivie tissue Tiagiliunmditadeldusiudds
95 % fasiFaanamanilsmsuiaaEdAgananInams Izl Ae wEsuaa muEienig
aoaAuina wazussinssyhvhAuIaguAIEe mNSsARe AnuEInsmenaiuasuuag
W anddnlausavusndmivluvssmalneidodinGowseia wszdefifuindumnlsmeuiads
flstioniian fio UsyTRdwluairovdognilinsuilaueglsineradumeliunmdmaazulaile

Biomechanics of blunt injury

N13%U (Crash) mnefis msiting 2 siiafedeuiiiuneglusumiadoailunamdon
U (occupy the same place at the same time) FaagsilviAnn1snsenuiuveuauasiinisuan
Wasundsnussyinanaia 2 mun dwnnndduigiuduausesndanuildsuiaumnauiiliae
strain ifiA1g9AuNII7 elastic limit vi3o breaking point vevasgln afuziufagldsuuniy

¥
=1

NugIumewand @A
‘N Y a 1

a

AdeafiuBeuas The Mechanism of Injury A®
1. ngnsiadeuditedl 1 vesiafiu (The Newton’s First Law of Motion): Smgeoulsl

Wasuulasmsiadeuiaunitaziissneuonuinseyi
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2. ngnsiadouiived 2 vesdidiu (The Newton’s Second Law of Motion): ussidnviniy
ma@mmmﬁﬂ (Force= Mass X Acceleration)

3. NONTINEIUVDUIFU (The Newton’s Conservation of Energy Law) Waddu
gnasstulnallilfuas i fugymensannsandeugUls

nngden 2 vesiduaziiuldifiussamids Wannsevinetngiingails ngazindeud

gonly Tngazasan wiinudnazfianieeungdedl 1 vesdaduaue sundnvzdiuseiivingy
WnseiBnase luiianemsatudiuiumsedeun Tngavaaduussiunaungailafaunis Mass X

Acceleration = FORCE = mass X deceleration %ﬂﬁ'}ﬁmiﬂm LLSﬂmﬂumiﬂqmaﬁ%ﬂﬁ’sEJWJ’]JJL%’J
56km/h = mass X velocity/time = mass X 56km/h-0 km/h) /time

suiuldiszognanilflunmegasaludnwazing 9 Wuledeiiddgun Tunsiimued
winusslunsnsgyihdesannuietos waymnthaunsnsiadeud 8n 2 aunns Ae

V= u+at (v = Aasas, u = anudalany, s = szeena)

S=ut+%at?

inufinson maveasaludnuaesing 4 TasausFliruduiibwinoity 70 flansu senuh

ausnsaunflagniswmdaulusnauim 0.05 ¢ axldsyegnislunisiusn 24.3 lwns wagldan
3.17 3l ussiindufusouazauduaztosifuniiidudndstoasrha

dsemjatrvufumaudvgaianelu 0.08 3unfl waznihsagudnly 60 wuiuas Favinfy
sagnIUsNFBNTIvLR 19.85 ¢ Wndndsfpazshaumelu 0.01 Funfl Favirduiauduazgnivsnine
WS4 22.7¢ WU 0.07 U9

Tunsalifendudaudulailssadudndsie whsavgadaudussamee sfiudinandeud
udhavihdeussnung 242 ¢ nelunm 0.0065 3unfl Bawihfumsgnitusetiutngunn 7,693 Alansu
vauhfunnainfings 3

useTiAntufusaneangly Blunt Injury wannudnwalaad

1. Compression Force

deflusannszunnidifuetene 1 dussguiamiuuiusmieda strain Juietie

iy Solid organ Fsflenumuuiuronioiennfanin stress wiaussinusio Strain tusnnuoe
7l hollow viscera ufifin strain annfazannsnguiasiunsnszunnld deiefaed Stress 1Antu
tion JefiazAush ndvnguidnlslaglideme Yuusazgnusing Against ihiulassaiefiudauss wu
n3d@if ¥la (Heart) & (duodenum) gnnathiunszgndunds (spine) axviil¥iiAn Crushed injury
willoufuiiinly Solid organ

2. Shearing Force

3. Overpressure
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wsafinszunnidniu body cavity w3e hallow viscera fifidnuausfiiiu close space
Duodenum Fadu proximal Ju pylorus aza1u distal Jusesiunss ligament of Treizt 3ol
contents UTS9OEMY WU Full urinary bladder annsavtlsianuduniglu Cavity gatuldunnmse
USinmsvasduiiiu Cavity anasogasiniined contents whiRuamuduiigiiuasduliniives
EJ’TEJ’J%LLmﬂaaﬂlﬂmiﬁf\;ﬂﬁL‘LJi’]::UNV]IEm %14 central tendon of diaphragm, dome of urinary bladder Dudiu

Type of Blunt Injury

A. Motorcar Injury

Frontal Impact mswunssumiiagsilviesnisaudunszunndiusald 2 wuiuegiu
vitauazuizlauunsn Ae Down and under pathway (§Uf 1) audusinddurinieundauas o
1n whnazsadudiuhussnssunnanaviliinnsuiagusselli

i) Fracture-dislocation of ankle

ii) Knee dislocation

iii) Fracture of femur

iv) Posterior hip dislocation

widnaudutdlurinnss viseusiludamin wsdanisedeuiivuudiaes fie up-and over
pathway (gﬂﬁ 2) Wumsiedeufiuuuiswluroudenailiminnsundussd

1) AsyenIunniunszaNVtsana e uianesinapdeuisenisly cranial cavity ¥h
szunniy Skull rldumdAndy brain contusion vuefidundnin laceration Assrwmad
aupnpdeufinenesnain skull

2) daunesdrfidaundeuiiniuunaznn cervical spine WafuAswy inliiAnldoe
compre55|on hyperextension %38 hyper flexion injuries warliasdunsedeuiivuulafny
w&9nil leading point NEYALA? ’Luﬂmﬁuaqmmamswmmmuﬁw ADATNTEUNNIUINUABULEATE
MiliiAa laryngeal injury B8nin padded dash syndrome Fafnazidadu vertical fracture sy
W3 midline

dueudunthenuagiissanfuduselufiveiinsndeuiidhnssunniumandesasud tned
sternum 38 anterior abdominal wall Li‘]u?{"auﬁ’lL‘?J"lﬂzszLazwqmﬁﬂmﬂﬂ?u vertebral L posterior
thoracic/abdominal wall 9zipdeudisamudnuviiliiin over pressure injury futeten Yesvies
wazlin compression injury Aumediastinum Wagintra — abdominal organs wﬁﬂﬁlﬂﬂﬁ?uﬁ’mﬁlf]u
framework ngndlsusiofoarneluilailign fixed Ssnandouilunuusadon fazifn deceleration
injury Li‘]u%umauqmﬁ’m ﬁﬁﬁgu ANUNMTUIAEUANS 9 U89 internal organs lﬁﬁﬂﬁalﬂﬁ

Heart : \inainnaln compression injury Lﬁmmmﬁm thoracic vertebra a1 sternum
lhAnnsundu Teswiollil
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Cardiac Chambers : LAnl&aus myocardial concussion, contusion 138 rupture fuiy
sefuANLTUUSBahumsinuannTiga Ao right ventricle iilesneginiu stermum wazdintsunend
left ventricle

Coronary Arteries : vilsiia spasm, thrombosis %38 laceration wazifin over
pressure injury flusagdldunisuinduila wilefidenussqegifiudosandidseyluszes
end-diastole (Hydraulic ram effect) ﬁ%mﬁﬂa’]miﬁﬁﬁl

1. Atrio - Ventricular Valves tian1suialduse leaflets, papillary muscles %39
Chrodae tendineae Tnefi mitral valve fllenalé¥uuinuunnnia tricuspid valves wiesaini
pressure - a crossed valve Qﬂmﬁ

2. Interventricular Septum 919@nvIARTsTigauLoTign Ao Apex

Trachea and Bronchus : uenannsuinduainnisgnnszunnlnensdly Padded
dash syndrome w&adfssinalnnsuinduausai

1. Compression injury msﬁmmaﬂgﬂﬂﬂiuum antero-posterior uuuvasilagiliven
18 YIUBNENDININAU LAANITANUINTE trachea Lazgmain stem bronchus

2. Sharing force 1inNN53nUA83 trachea Lies91n cricoids cartilage gndalsiogiuiife
thyroid cartilage vauedi carina \Judaufl wndeufiviairdoulmluuls

3. over pressure injury 611InNABYLALIUA ﬂ’J’]Mﬁﬂu%ﬁ@ﬂﬁm%%@ﬂ‘ﬁuﬁﬂﬁﬁﬂmiﬁﬂ‘mﬂ
294 trachea Lﬂ‘jaﬂmﬂﬁmumLﬁur}h@uéﬂmﬂwwjﬂdﬁ Bronchus (Law of replace)

Chest Wall : \fin9n direct impact 1udaulwg mmgumwzﬁuagﬁummL%q 918
msindudndsie wazdnvaznsvu lasfimssadudadsiosiliiinmsinvenszgndlass dewle
anuEuAunI 48 kmv/h assdnafurnegilldldsadudaissonsuinduaniaiinnudufios 16 km/h
wazdanuihiu nmsndnaasinnsuinduldunniinstuasei

Lung : @lngiiinidu pulmonary contusion annsgnnszunnlagnsiwasinvenlasu
mMsuaiuraEfifdweesiannsmeladsuiuiinislaves epiglottis fiagiin over pressure
injury llinsuanvedgiay

Thoracic Aorta : iina1nnaln Acceleration - Deceleration lneiiin Shearing force fiu
aorta 99n"37 aorta arch wWaswufieanain descending aorta %ﬂgﬂﬁmamﬁumzaﬂﬁuwé’ﬂ

Diaphragm: lunsdifiviesgnnszunnegiaussauaudunielurosiosgunnaziin over
pressure injury f“ﬁJmzﬁ’ﬁauﬁﬂﬁﬁmﬂuﬁaaﬁaaL?ﬁlau%ulﬂag”lwdaaan TnensinuinaezBudi central
tendon S‘z’iaéauuaﬁqmLﬁaqmmﬂmﬂm remnant of septum transverses U9 9 wagaenglung left
postero - lateral Fa.8u embryonic fusion WsuaznunsuIadulunsyTraudhemnnninisudae
é’mmummﬁuﬁqﬂﬁu
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Liver spleen : 2z1inn15U1MLQUAN 2 naln Aa

1. Compression injury

2. Shearing force au\inNSANUIANANIFUATIILIISTINZYEY ligamentum teres @31
fuagnud splenic pedicle

Small bowel - colon : sznunalnnsuaduldssil

1. Compression injury TngUnfudadldasguiandednsnszunnusdiussiunagléd
funsgndundsiogyinlyiiAn crush injury 16 feg1aigu duodenum @y third part finewineguy
NIEANFUNITEAULDY

2. Shearing force &l e neiindeulmlutevios fuuanin acceleration- deceleration
injury nssusiiBauuudldliiusiemedslaun root of mesentery wazdistal ileum-right colon

3. Overpressure injury WuLni proximal jejunum uwag distal ileum Lﬁmmﬂayjismw
lisament of Treitz ffu IC valve d@ulugldlvgnutios uidinaznuil sigmoid colon

Lateral impact wuin 75% vesitheiignuusuinsiiengunnnii 50 Y vagiinguaud

Y
S| v

io1gtiosndn 50 U aviingURmnrusuulseauavsevunstinuveslug UAms iiinTuiigninves
auuLgy duen MIgnauanmudagyilisaduiignyulisunsinfounanaselldmihiamasen
Wunisimdeunanuradnssiusyninaimtniazanusvessas 2 lngfiansuinisuinduiiaziin iy
Tamuasusail
338271 1 compression injury Mnusanszunnduidusdsinuinswessaazgudiuiiuie
Ingans dedlagansntanswinuiignyuagldiiuuinlduinniign wuwaslnaiiin fracture of clavicle &
] Aov o 4' i3 s | a £ I 13 o = < 44' 1 .
ﬂis@ﬂwauwmmsauaaﬂl‘umqmwmmLﬂummuﬂﬂﬂmqmwawaLﬂwaq%a sub clavian
artery and vein ins1gnszgnivuaniilzuiaiidilansg concave i insaenannsavili
\im multiple rib fracture, flail chest wag pulmonary contusion Tugssiesiniinnsuinduresiv
wazshy Fuagiuingniunurivisedie USneaslnne i fracture of femur nssdIu greater
o a . . .. = a = P v
vexi] 2 1A acceleration- deceleration injury 31nmsiUasufirnianisindeunluanu
Trsegnmaivesawasiineansdeldduluifesiatundeniu Jlasarsonamdounlinounse
gnnszunnlnenssanfmdwinudnsefigudnununn viiewdeudilunieudusalunsdiiendudaiisy
oY M v @ = PN = % [ a A o v
e lildmafasndeuiinuluiivddlagendousadsamuaniugitalasnsgnnssunnanauly
wodlngans oiwasinulnuiniduain shearing force leios Ao aorta, spleen wagkidney 183910
Wy Weduawindeuluiiudiegiaussauas center of gravity vasfsuriaziinusslinnssessns
serinnglvandsueiunszgnasyilliiin jumped - locked facet MFNuATITUYDINITYU
Rear Impact n1sgnvwine fniialusagnsaduigniungaiudineunaggnsadume
Wathwuueiazdulissnmediuadiadeunludimiinieuduanuusnsswn vusiifsee
o A a v O A A 1A o oa o ~ v g va A A Yy W o u & a
fansegin nmnuzialuelanlifindnfisdsvenizsosiulifisuveimdounlundoududinaziin
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hyperextension U8sa® VlAiIN159NUBS posterior elements 1w spinous process, pedicle %3
lamina BennnsuIauadinin “Whiplash injury” (é’w’agﬂﬁ 5)

Rotational Impact nswaihsuriafiuuusdiinugagudnanana wu nsvulngvey
vosfusudurdudiulsnzusufisenfiiatufiasnadnunvessall Sefesduatiouganyy
Tdndnofidanafianuduiniu vuseu msuadvazadefunssunsmtuassudissuiu

Rollover samiagiiliAansuinduiisuusdldinn esananuiivessaiiguaz v
sandnadinvgiinisnssunnseninesamedunelusananefienns Tnslanizeesdsinglaganslails
Aadudaisie

Ejection nsnssifuvgaeanivusnsavhlilentafiansuiaduifisdunt 300 % fihe
wldfunnduidutunouresnmsvarasseenluinsawaranmannnsEniiy

Restraint Injury neswiwernaansyn Iidsviusidudaissodeliindulddusadiy
asnslanadefl 1 dewrmsnasitng Gutenldlusoeud iesonmuhdunudnduildeTinfmun
flauvmunansasuisnnninedosdu Jagtuiinisléifudadstoussavsnimgeiin 5-6 galusaudeds
Mldliazan silidudeisfovin 3 9a Teluszanamiosadldiuanudeuninnin

nsmadutadisAufignaesuszneuluse nsan diagonal strap lsmnasu clavicle, ster-
num Lag thoracic cage Lid]uigm 45 DIFNNULUITZUIU Wag lap belt ag”[,uﬁ'umﬁﬁs‘i’mdw anterior
superior lilac spine (ASIS) waggandn femur (3U71 6 WEwUsza1s) Taadimnuidlumssaiined n1san
flaign3Biu an lap belt luanmitvdeuduanaveshlmifnmaideutu visaaligand ASIS (U
6 dudszuw) asiidudasanfomivioninses abrasion i3eni1 “seat belt sing” wavnaeiey
Tugesiondriunsegndunds vhl 30%-60% vesithndid sign dardinsuinduludesiiosiiude
ﬁWU‘U'EJEJ Ao small bowel rupture, mesenteric tear, vascular disruption e Chance fractures of
the lumber and thoracic spines @19un31897n diagonal strap Lﬁmlé’é"fuwiizﬁmaaalﬂ A1361399
WU “lipstick sign “ fine aeflauduiusiunisuiniures corotid artery, larynx wae cervical spine
Yauzl abrasion fivthenaznuing clavicular fracture, rib fracture ¥s® blunt cardiac injury $2ul#
wHnednenunsaduanmsliudnistonntu Adesnmsiviinagiudldidudaistogs
u nemadudadsfefignioddsumsigriudritisannisuinduldeiuiuoy Tasandazmme
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ngURMRas B9 65-75% aANISUINKRIUBENTURSTIASEZAY 50% wazannsuinlduiidifnlaesiy
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druganisiy feilugunsaladu liannsanaununmslidudndssols iesangeanisde
aghauiefiansvumsiumii Ingnesiufuiinngluna 50 microseconds udazeuiadlagly
nanliiifiu 2 seconds leingeanaglilidairusidevesnudy Jalifiusslenilunsdlues rollover,
second crashes, lateral or rear impact dﬁuﬁumiﬂaﬁLﬁm}’lﬂQQauﬁiﬁﬂﬁﬁﬂEN'I‘IﬂﬁLLﬁﬂ’]SLﬁ@U’]@LLNa
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DABNYBILUNTIN MILAZUN ﬁwﬁﬂammzﬁauﬁm multiple-rib fractures, cardiac perforation, cardiac
tamponade, laceration of liver or spleen ImEJLQ‘W']::E]EJ"NEQJIQEEIQEJa’liﬁLﬁuLﬁﬂmﬁ]QﬂﬁulﬂﬂizLmﬂ
wawiAin cervical spine fracture Ineihlugeandsfevhaulsiognsiiussavsamussana 70% vos
naRngURimguLTesnuuyiniy warariiselemitosnnluauuudesn

B. motorcycle Injury

gtRmmuwiBsauuAnnmMsiuTnewmesledunniian vaueiguRimmannsideummuy
Fedunnmsiinannslidnsenuaniian suanznssunsaunsesuilan (The Consumer Product
Safety Commission) wisaw3geuidni Ifdadnoutnlidunildutydnedengunanfusidenaneli
Andusse nilduanmesnisuadunneumnusisaessiafniifsueuanduanmanisme 85%
voufthefidsdin dednvurvodasiaiuazmstulfisetu nalamsuinduiiAatusugdud

U
¥

Inseuuazuaneslendunndanlunsiivessaud lngannsaulaenmudn vz syulanal

Frontal Impact :1nnsiigemyuvessaagiunuesdenti safigaguinarsnasglng
fuinets feifuderudenihfasmgaudrnndudauiunnne fesuasaufivvasstulneddonth
Hugemyu lsudvesiuifiintuarasanmmaindeufinuninzasslunszunniudsiionmd
vemnasuuity nsuaduansfatuldifuisdss, wihen ieresduiuidnlaazgnnazunn
fmnddudansmaneenainan adesinsenssunnduususufiAanisinvensegniuald

Angular msvunsfuirsvesuomesled vazgnivegszuinameimesledrvdaiivy
Aansuiaduresen vaziiniienuagieanyldsuuindumilounisgnaumsinudisveasasud
satuiliiilassaslatiogaduusefiazaniudgtul

Laying the down mm%y’qﬁi'fﬁuamaﬂ%ﬁ%aamausdﬁé’uLﬁawﬁmﬁlmmssﬁu Inseou
Udaaiﬁﬁuamgmlﬂﬁuﬁu Fauananazldiia crush injury 21nA15BULE SailfauEessianiey
YraoasINusNAsaMILIUAINIausnieennueimesled dwgnidudsarmdfivindunung
nsmdanuvesihsiu viliseatiuannisiignueimesledmassluaunszunndudsinunnsrmin
vinndsfvinidnaslunaugunsaitiesiudunsieanmsiuiffieglutiagdu uenmdeluanseasin
Unuazyaniia TagldFunsfigatiudrielisnsnainmsuinidueissuussiifsuranasis 300%
inlandnsnsdetisuas luiindngiuinnisaiumuinilsdevinlviiina cervical spine injury wonani
fpnuinssiuanvaeglueudnii mendinsussmaldngrnedsiiliaumnnisdy gifiug
Mnuawmesleranasesniituddy Wotulunamnnginssudedunisiuianas

C. Pedestrian Collision

Uszana 90 % vesauiunuuTignInTy azgnuuiinanudadindt 48 nu v, Yadefiddny
fgelunsivundnuaznsuinidu fie anugsesauiisudumhsn nsfinnsanisiosendunsd
voudnuazglugiilosannmeiniaineiy luflvginesiuasuoadiuinzgnuulmesnmauides
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1.3 msdauadumsuaudNaUaKgYsIIISNIvaUU

algnud laeiuns

Tul w.a. 2554 ifmgnassyamulasadonisauu ssdmsounsiolanlsfasaneudndu
wahuiuAumavinmsuidaymnsuiaduanaiimeasastaelianuddgynsansisues lne
seuh YgmiliAnldtuaulunssduasuggius uwinuldinnnilunguseldios uasilodammud
auaudillenasendin vieituyanmnduiduunildiosnin defuganmssvlud wa. 2563 Fosan
nsmeasesmiadslalldiein

Torauagnsmandijaiuiiarmdidu uazmsssydhmineszozen Julanudidny snnnd
msfdumsuuusndudlididu sufatuteyaiidaau (evidence-based)

Tuefin nsuInduangRivmasesidlizuauadle sz muindadudubesiiislae
lailgila viedudeswodduaza uwilutagiu Wuiivewiin nsnaduangiivmanasiudes
fitfostuld udafsde windassedmiudn mnnfudenvesdlidnseueud nsdanisasasiia
fAnanaundnasiu Sududeifgaiudiintesiunmsumduls

msfnwmMsuadulidlalszneuseauiumediu udnszueinedild wsinveanis
iy ansiddyanansatinesueanudiusueimsuiaiuanusainsgyinaudnua vy
wazddlinsudsssfunnusuusnuszsuseniduana Wemsinuagnsusziliumusuusdlulufiems
Al 1ngonAeinaeiveInTLUITEAUANMNTULTIMUGNYEYDINITNTEVINVDIITT WA MU
vosefordluiemeiiuindu ielinsuueliol [¥8andnnisues condensed chart (Abbreviated Injury
Scale/Als 85) filsagursnsutsszduamuuusuassliazuuliogadaau (onans nanuan)

A5LsTid Modify AlS (85)

Abbreviated Injury Scale /AIS fio svuUN13 1AN15UIAAY tnen1sinTeAUAINTULSS ATY
vanavy vesatuagluinane Tneflasuu daud sedy 1-5 (Jogluun) wagdawen viaavy) vaadnuay
filiAnnsuIALEU Ao 1.Blunt injury Msuiadudign Jandsvesd v lalfiay nszunnvesu wag 2
Penetrating Injury MsuALiufign Yandsvesil fmnuunan uazas esvsnevesnziL lussuu AIS 85

1 mneds Msuialduianios (Minor Injury)

2 nnefs nmsualduuiunans (Moderate Injury)

3 wuedls MsumiuanualianaALsadin (Serious: not life threatening)

4 vunedia MIUIRRUIINRazANANReTIA (life threatening)

5 e nMsunduinga ldudlalulenasendda (Critical: survival uncertain)
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6 yaneia MvInduTuussian @l lisenTin (Maximum Injury)
9 nsdifilimsuidnnsuiaduriely

Body Region (BR) n1suusdiuvassianmesmumingfoag ifiemuiamannsiuuaiy
Juusslun1sUIAAU (Injury Severity Score: 15S) 1u AIS 85 ’LﬁLﬁaﬂwmmaﬁfmsﬁ'mmﬁugwmgjqqm NIER
3 Y30 WaglhanAn AlS g9anveILAREIIINeIEdE INENMAIEDI WAIUINANLNAGIABIVDY 3 1A
o¥u2g G196 ¢ ld A 1SS wFeazuuumLsuLslunsUImEUresiuIduTeiiu AIS Modification
2000, 2005, 2010 %ﬁﬁﬁaLmﬂ@hqﬁ'mslﬁaﬂwmmai’mzﬁmmL%U@‘LJLLN@@@ YANUIN WaUTIINN
i feguardoulunsiiunndrdluenansnianuan

ANSUUIKNINDIBIE

1. Head/Neck Injuries nsuiniduvesdiseruaee Wumsuaduiliniu fiaueududszem
Uinafsuy Ao neluandisur vide maviaduresnszgndundsdiune (Cervical Spine) $1ufeyiu
nanauazuly (middle and inner ear)

2. Facial Injuries Msumiuivan (mouth), ana (eye balls) ayn (nose) nsggniuni
(facial bone) Maxilla, Mandible, zygoma

3. Chest Injuries MU URILAnTIteNKarTIEve Tenglunsisen nsvdiau diaphragm
fayaifa nszgnlasa (ribs) néailessvadlas (intercostal muscle WAYNI¥QNEUNA (thoracic spine)

4. Abdominal or pelvic content Injuries MIUIARUTRIRNTIIATITIBY LHUTA nsean
funaernel oturzneluresies (abdominal cavity) uagdeadensiu (pelvic cavity) fidy fio
UINAITOU perineum i’JJJL@’]G"ly’ﬂLLGi skin 1l

5. Extremities or pelvic content Injuries NMSUIARUTBILIUYN BUAzITN ¥3aN5UIRAEU
YouTINT WUz va (Scapula, shoulder) laiazdu sprain dislocate %3 amputation

6. External Injuries Ao Mslasuuialunsuanuazilenves Rl contusion abrasion
,burns 1ﬁﬁ1%$a§:ﬁﬁ’sﬂﬂ‘uaﬁ"mﬂ’lﬂ 1 leg laceration scalp laceration thigh v;ﬂa'awuaa body
surface 53t 1WABNn (eye lid) 3uEan (ips) yiuuenuasluy

A2l luwuuaousui Ao Wassifd ICD - code mufinwssdautuiinly AIS name Wude
diagnosis asa s fildsuuIniulenmumuIn asavenidaesuesan AIS Tufinsumisiits ey
duiudszniensunduivgunsalluredlasansiniinansdindndifugunsalidiiusiuaugunss
lun1suindy
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Aragnen1stuiinamanisdedinuaznisuinduluseauaaudau

ANUUZNITUINAU

Aragnenistuiinanmanisidediauaznisuiniduluniss

Injury

ICD-code AIS Name BR AIS ISS Aspect Confidence Rank
Source
S369 Injury of unspecified 4 | 5 | 25| Right | steering | Probable
intra-abdominal organ wheel
S729 Fracture Rt .femur 51 3| 9 | Right
s810 Lacerated Would 6 | 2 | 4 | Right
ISS 38

N13AUIATTINTEN1T5DATIN

n1sAulan1aseandin Probability of Survivor (PS) 1ne3s TISS (TISS Methodology)
TudUheildfunsuinduanniseses Wudtnsusadiuguamnisinvmeuiauaskadnsvs
JU1AUaINN193195 1131NN15ANYIVBS MTOS in USA since 1982

ABMsAuIN A1 PS ierA1lanasandiin Tuduisudazal 1131NNSINTEAUAINTULTS
Tun1surmidu (SS) waz Revised trauma score (RTS) femsuseidiu fuiniuusniud Hesgiimg
anidu (ER) Tnofigns il
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P_(probability of survival) = 1/ (1+e”)
e=27183
b = b0 + bl (RTS) + b2 (ISS) + b3 (A)
b0, b1, b2 = set of weight according to mechanism
A= 1if pt>54 yr. A = 0 if pt.<54 yr.
RTS = Revised trauma score (ER)
= 0.9368 (GCSC) + 0.7326 (SBPC) + 0.2908 (RRC)
ISS = Injury severity score (AIS 85)
= Sum square of max. AlS of most severe injured body regions
e e \Judnasi S e = 2.7183
b = b0 + bl (RTS) + b2 (ISS) + b3 (A)
b0, b1, b2 = set of weight according to mechanism
5o b fie FrduusEaAnS ves mIAasIzinsannewam 183 b0 - b3 Tilunadndves
MIUIAAUNAN wardAreiusEring Blunt kay penetrating (31NANSANWIVBY MTOS) b3 Ao A1 A
funnnsdnanegvesuniulag A = 1 fgtheilonguinnin 54 9 A fieh = 0 égteiieny
Hounin 54 U

Where 'b' is calculated from:

b= b0 + b1(RTS) + b2(IS5) + b3(Ageindex)

The coefficients b0 - b3 are derived from multiple regression analysis of the Major Trauma Qutcome
Study (MTOS) database. Agelndex is O if the patient is below 54 years of age or 1 if 55 years and
over, b0 to b3 are coefficients which are different for blunt and penetrating trauma. If the patient is
less than 15, the blunt coefficients are used regardless of mechanism.

Blunt Penetrating
bo -0.4499 -2.5355
b1 0.8085 0.9934
b2 -0.0835 -0.0651
b3 -1.7430 -1.1360

The TRISS calculator determines the probability of survival from the 1SS, RTS and patient's age, ISS
and RTS scores can be inputted independently or calculated from their base parameters.

RTS = Revised trauma score (ER)
= 0.9368 (GCSC) +0.7326 (SBPC) +0.2908 (RRC)
SBP_pnusiugaeuu wianusudialng (Systolic blood pressure) visnefis useuiionvay
flafus Fse1aazgemueny anusiutisuvluey 9 Werduenadlmunnsmsiutadnides s
YBITNNY

RR_Glasgow coma scale NMsUszLiluszsiuauganda (Glascow Coma Scale: EMV)
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nsuszfiuszAauAu3En@? (Glascow Coma Scale: EMV)

A99N9IUVD9TEUUUITEM (neurologic function) L“T;JumiﬂixLﬁuamwsliﬂaaﬁﬁﬂﬁzyuax
Lﬂuﬂsﬂmjﬁmmﬁqm wmmsmmsmzqmmquLLiwaamimmL%m‘?it,ﬁﬂ%u weeailunisueniisnnm
Wasuwasithilgauesthe (Dolan, 1991 ; Helen, 1994) 1n3esilefiliie Glasgow Coma Scale: GCS.
Fauvudszdiutezudady 3 daw Ao 1) msdum (eye opening) 2) n5&eans (verbal response) wa
3) mMswadoulm (best motor response) AUANST 1

a15197 1 nanalng Taun awna (Glassow Coma Scale: GCS)

U8 (response) ALY

N158UA1 (eye opening)
fuslaies
dunidloden
Zusnidlodu

= N W A

laidumay
n1589815 (verbal response)
naReliduau
nanulausduau
< o
NaLduAn 9
Y
dudesldidudmg

= N W R O,

luiponideaae
miLﬂgau‘lWJ (best motor response)
Fmudsale
NIURLALLIU
FAUYUVIN
8L (abnormal flexion)

N WO B~ U1 O

wigleauuy (extension — decerebrate)
lahdoulnias 1
fauUasann Helen, V. (1994) In Barker, E. Neuroscience Nursing. St. Louis: Mosby. P 53.

MsularsEA UMy GCS. Ao 15 aziuu Ingseiunzuuuiafian drunzuul 3 Azuuu fe

L]
I Aaa v

AvwuUTIdReTign viueds §Ue coma svauazuuuitesndi 8 fuludeudindesszia msziiieens
wid1gseey coma (Helen, 1994)
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waevitueaRn IS Alena seaTin gwn waglidedn deddgynisladeya
uiazaulesudulsihemntn Slsmereissuuihss imsuadu fanmsndengdoyalussuy
whse el
il vinwanansa 19 Gulud (http://www.trauma.org/index.php/main/article/387/) Tu
AIATUI AT finanunldt e
trauma scoring’
Trauma Score - Injury Severity Score : TRISS

TRISS determines the probability of survival (Ps) of a patient from the [SS and RTS using the following formulae:

Pss1/(1+e®)
Where 'b' is calculated from:

b= b0 + b1(RTS) + b2(ISS) + BI(Ageindex)

The coefficients b0 - b3 are derived from multiple regression analysis of the Major Trauma Outcome
Study (MTOS) database. Agelndex is 0 if the patient is below 54 years of age or 1 if 55 years and
over. b0 to b3 are coefficients which are different for blunt and penetrating trauma. If the patient is
less than 15, the blunt coefficients are used regardless of mechanism.

Blunt Penetrating
b0 -0.4499 -2.9355
b1 0.808% 0.9934
b2 -0.0825 +0.0651
b3 -1.7420 -1.1360

The TRISS calculator determines the probability of survival from the ISS, RTS and patient's age, 1SS
and RTS scores can be inputted independently or calculated from their base parameters.

Probability of
Survival:
Blunt Penetrating

The riss calcutator Will sit as a standalone window on your desktop.

Boyd CR, Tolson MA Copes WS: "Evaluatng Trauma Care: The TRISS Metod™, J Trauma 27.370-378,1987
Trianatycs Inc: hitp Swww ianahvlics com
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AMULEYWIBYDI319NNY FUNUSAU USIUAZNAIUNLASY

NNITAOUAIUNNILNINUINNATIVOINITVU UBNINTUNEIITUNMTABINNSINY 1y
Compression Force Shearing Force 30 Overpressure USINNSEUNANAY 83892519018 LAY
= ! d' P - % d' A a a 4" S 4‘
Wiesnnevganisniouniuaiuieiorznegludinsaiounideluluiirnasiuioniniannulsuniy
nglen 1 veadidufazinnisanvinvessesnassnindiuiinioud fudiniivgails (Acceleration-
Deceleration injury) vileteiziunanaindanfiafiusnanie eduiensuinduls auenuss was
Anuusslunisoy Tnedldgnnssunndudwlaludiedagats nstameuninsenigduivserlneans
finszgndwunlinndnvarnisuiniu sessesvendudniisdy

a a a ‘:4' Yy v 1 < SV o & 1w a

nsdguiienensiedeuiluiudieguningivessawasdlavansdslidnduindeain

unauiu Jlagaserandeuiiluteumnszgnnszunnlagnsaindifsmuiisaiigudianun w3e
a = 1% Y ~a 2 O a N v % < 41 4' S o o

waeunlunfeuiusalunstifieadutalisie viedlildanafasiadeuninuluivdslaeendouss
deayunnunzfitaaznisgnnssunnatniuluiedagans eleazfinudiuinduain shearing force
IeiUow fiv aorta, spleen wag kidney wasantiu Wesdiuadndeulusiudsetaussauas center of
gravity vesdsuriaziinusilnnsesesseseninngnandsueiunszgnae viliAn jumped - locked
facet Adunseinuvesnsvy Wuseg1swesnsuiniuainnsou

NansaevaIunsloURmemy dhavviowi msuaduiaiudduiviedlasasnudnuased
Ausuwssluntsvy sduvtagy Aemdunmssu kevesrnusuusslumsundudasieounisliviolaly
gunsalAuUandy Anvaznslgans SINVAUWUGTITS Wavaudeneveaiadlagans A

A79E19 MINIANUFUNUS 52HINNMTUINRURAALALINAYENS

dletuiintoyanisuiniuidenlosdunislasans Aanssufiflasans vineu uaz
vauziingURmanginssunislovselaly aunsalmnuvasads wazdnwaenisvuy Anudenie
yowiaslagans wuin mnuguussidlasanslisu mnnmduansidsuusadaimu@nundadusata
aostuan il muguarmdivaraslalld vesuwisuidummiunn waendenadulumn
SeaeaUTELIN 50 Wns AEILAzLSINTELNN Ustnoufusnduiianime nsBaimsindlagans
liufouse Lifdudafsde Foddnoammgauazguiisasionun nsdiflnoandedin firame
27 519 FoTinil Tsenunadn 5 519 Beawvioudn Tassaireviedlaeans Aliuduswuaslifgunsal
pudasadelag vhludnisuinduuusuazdedindiuauun
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2. 52UUA9IN15 Incident command system (ICS)

2.1 suudesinudanguuaziiuinsgu
2.2 ssvvardndamhsnudeeglstutuanududounasinuesmanisal wu aasd
8n 5 mhwauges uilnemlegietendosd 3 mirsnuusnnou leud
N. u2eAAuen (Triage unit)
- fivihdl duengitesenidunay itedsielrnsguasnuuazindeudnamadiu
¥. viEguasnyIngIua (Treatment unit)
- fivihdl Winnsquasnulimnza
- fivihil quasnwmuiimbedausndtasdsn: uns ivdes Wen
f. wﬁaam%ué’wé’ﬂw (Transport unit)
- fivihdl indeudneiineluviowinn vedine iedselusnuiisw.dy
4. nd2gA1AazNsweIns (Staging unit)
- fvthil qua dans wandenineans sane e Adedld
3. wesnEAN (Morgue unit)
- fvthil qua danns $nwaem
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4) é]’mﬁmummLﬁummuﬁ’uﬁwmEJQLLa%’ﬂmwmma
5) Fesdauenieunslinstiemvdetazindoudie
6) @’Taqﬁmumiﬁﬁéﬁmﬁwﬁ field commander
7) é’aqﬁ%’auﬂaﬁmmza:uLﬁ"aﬁmu”l,%‘lﬂé’aiiqwmmaﬂmamq
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4. nmswiseugunsal (Equipment)
4.1 gunsaldosiunuies

=

4.2 gunsalsnumsdeasliud Ingdeas nsdwidetio unuin nslvs wagmnilszuu
nsuszmslng ovdndudesiissuufnfuuagdiiiuns teleconference
5. NMsAnaUsy (Training) fasumuaglévssloni WoaeumumeasiBontisaini

fnaeu uaz fiudds §3n Meonmsluiudsnan Aanssusing 9 msuszneuluse

5.1 MIBeungu)

5.2 MIANUGUR

5.3 MIVLUURNARLaZLUUNAEDU (Paper exercises)

5.4 msinanunsalinassuulfy (Table top exercises)

5.5 mMaRnufURaulandantun1sal (Practical exercises without casualties)

5.6 MaRnUfURSsluan un1salinaes (Practical exercises with casualties)
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M1314 Haddon’s matrix model uagsnagnetayaudazaiflu model

Tablel.2 Haddon matrix of factors and phases related to road safety for Thailand
Factors
Phase Human Vehicle and Equi t Envir
Pre-crash Crash Enforcement, Education Vehicle inspecting Road engineering
prevention and Campaign program program
-Speeding -Brake sy lightis M ycle lanes
-Alcohol use system -Accident data base
-Physical 1. 1 I ion agency system
-Young driver Vehicle standard and -Traffic control devices
-Driver license modification, -Black spots remediation
vehicle visibility Community-based
-Reflective material approach
-Headlight use during -Public participation
daytime -Bottom up approach
Crash Injury Compliance with safety Vehicle and occupants Roadside hazard
prevention devices safety features treatment
during the -Use of restrains (helmet, -Restrain system -Forgiving road fumiture
crash seat belt) -Interior (airbags) -Crash barrier
-Child restrains -Exterior (crash protection) -Crash cushion
Crash campatibility -Collapsible facilities
-Under-run bar( truck)

-Bull bar (pick-up)

Past- Life Skill of paramedics Ease of evacuation Trauma management
crash sustaining -First aid. imitial proper -Vehicle-related e.g. door -Rescue work
‘medical treatment opening, fuel leakage -EMS
-Rescue skills -Rescue equipment -Accessibility of rescue
-Emergengympgonse plan team
-Rehabilitation gafkram

[
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1.1 dayamunisUeaiunisiiawme (Crash prevention)
1.2 Fayadumsieadiunisuindunierdsdia (injury prevention during the crash)
2. PeyafunsiaLIsEUUNIARUANBINM TN IEWEaLaL SN vdLAALMY (Life sustaining)
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Injury investigation of a bus that plunged into ravine, Lampang province
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Abstract
Introduction : On 25 October 2013, the Surveillance Rapid Response Team of bureau of epi-
demiology with local authorities conducted the injury investigation of bus that plunged into
ravine on highway No.120, Lampang province in order to describe the event and factors af-
fecting injury and death for implementing specific interventions to prevent road traffic injuries.
Methods : A descriptive study was conducted by gathering data from medical documents and
interviewing those involved in the event. The event description data were analyzed using the

Haddon matrix framework.
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Results : The bus transported 39 passengers, median age = 59 years, male to female ratio =
1: 5.5, survivors = 17, deaths = 22. The main cause of death was a severe head injury (63.6%)
. The mean of Injury Severity Score (ISS) among 22 deaths = 62.1 (SD=18.6) and 17 survivors
= 8.6 (SD=6.4) . Important factors influencing in this accident were: (1) lack of driving skill of
the bus driver despite receiving a driving license, (2) insufficient vehicle crash protection and
safety equipment, (3) environmental factors as a barrier of post-crash care, and (4) practice of
rescuer teams and pre-hospital care as a determinant of post-crash severity.

Conclusion and Recommendation : The standard of bus driving license and bus safety equip-
ment should be improved. The mass casualty response plan and preparedness are important
factors for post-crash outcome.

Keywords : investigation, injury, accident, bus, Lampang

Injury investigation of a bus that plunged into a ravine,
Lumpang province, October 2013
Anupong Sirirungreung®, Panthani Thitichai®, Pissanuporn Saikumthorn®, Wanlaya So-
phakul®, Natthakarn Waiyanate®
% Field Epidemiology Training Program, Bureau of Epidemiology, Department of Disease Control, Ministry of Public Health Thailand

b
Office of Disease Prevention and Control No.10, ChiangMai, Department of Disease Control, Ministry of Public Health Thailand

Abstract
Introduction :

The injury investigation of public transportation accident is an important role to
identify strategies for accident prevention and control. In 2013, the World Health Organization
(WHO) reported that Thailand had mortality rate from road traffic accidents as high as 38.1 per
100,000 population'. This burden cost Thailand approximately 232.8 billion baht (2.8% of GDP)
in 2007°. While motorcycle accidents are the leading cause of death in Thailand, bus accidents
can result in the large number of deaths in each event as seen in previously reports™. Ad-
ditionally, Thailand is a famous country for tourists around the world. Mass casualty accidents
from public transportation could impact the nation credibility.

On 24 October 2013, the Bureau of Epidemiology (BoE) , Ministry of Public Health was
notified of a mass casualty accident that involved a bus that plunged into a ravine located
between 29" to 30" burrstone of national highway No.120, Lampang province. The Surveillance
Rapid Response Team (SRRT) of BoE and a team from Department of Disease Control No.10
(DDC10) , Chaingmai conducted an accident investigation on 25 October 2013.
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The objectives of this investigation included the following :
1. Describe the event and emergency response system
2. Identify factors associated with the severity of injury and death

3. Provide the recommendation for future accident prevention and control

Methods :

The bus accident plunging into a ravine occurred at 06: 00 p.m. of 23 October 2013,
Lampang province (coordinate: 47Q NB 76496 11895, MGRS format) . The bus transported pas-
sengers from religious ceremony in Phayao province was on its way to Chiangmai province,
approximately 30 kilometers far away from Phayao province.

The information on injury and cause of death was collected by reviewing the medical
records of district hospital and the secondary hospitals where patients were referred. ICD-10
codes were used to categorize patient’s clinical presentations. ICD-10 codes were then trans-
formed into Abbreviated Injury Scale (AIS) and Injury Severity Scores (ISS) * .

The descriptive study was designed to collect information from medical records.
We interviewed the following witnesses: district health care personal, rescuer team members,
policemen, Emergency Medical System (EMS) coordinator from provincial commander center,
surviving bus driver and passengers. We also collected the information from multi-disciplinary
meeting including representatives from the Department of Transportation (DOT) and Depart-
ment of Highway.

The environmental information obtained from interviewing witnesses, field survey and
reviewing reports from department of hishway and department of transportation was used to
identify risk factors.

The Haddon matrix (phase - factors matrix) *° was used to analyze accident-related
factors by time (Appendix 1) .

The WHO road traffic injury prevention training manual’ was used to summarize
accident-related factors and severity of injury obtained from Haddon matrix findings.

Results :

The bus transported 39 passengers (including bus driver) , median age = 59 years,
male to female ratio = 1: 5.5, survivors = 17, deaths = 22. A victim with severe blunt abdomen
and splenic rupture died during referral process. The causes of death are described in Table
1. Among 17 survivors, 3 were treated as out-patient and 14 were admitted at the secondary
hospitals. The mean of ISS among 22 deaths = 62.1 (SD=18.6) and 17 survivors = 8.6 (SD=6.4)
. Bus seat location and the accidental area are presented in Figures 1 and 2.
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Figure 1. Bus seat location of 39 Figure 2. Bus scene at accidental location,
passengers the bus hit the trees and flipped

over with roof completely torn off.
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The incident timeline is shown in Figure 3.

Figure 3. Diagram of incident timeline

16.30 Bus departed from Phayao province I

17.55 A driver went to check
something but no idea for problem.

18.00 The accident occurred 0230 All autopsies were

| completed and the end of

18.15 Incident command system

(ICS) was announced ICS was announced.

18.30 The first rescuer team
arrived at the scene.

19.00 The first victim was transferred from
the crash scene to the district hospital.

20.00 The last victim departed from scene |

21.10 The first victim was
referredto secondary hospitals.

22.30 Last victim departed the local
hospital to secondary hospital

16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 Time
23 October 2013 24 October 2013

Haddon matrix findings

Table 2. The Haddon matrix analysis result

Host Agent/Vehicle Environment

- Driver had valid driving license | - The bus was licensed since 1997 | - The highway has sharp turn down-
but limited experience of driv- |- Bus passed DOT inspection on| hill slope with height ravine

ing bus on highway 30 September 2013 - Good weather
- Non coverage of training pro-|- No seat belts present - Good road surface
Pre-crash | gram for bus driver - Passenger seats attached on |- Not appropriated guardrail
- No alcohol use cabin floor with 4 screws - Warning sign of sharp turn was
- Not wearing seat belts presented

- Annual ICS exercise practice of
district level rescuer
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Host

- Majority of passengers were
elderly

Driver has limited experience
with hill driving

Agent/Vehicle

- The bus lost control when
making sharp turn at high speed

- No safety wheel delay break
system

Environment

- Bus destroyed the guardrail when
plunging into ravine.

Bus flipped over in deep ravine,
cut through a large tree and

- No one had a first aid or self-aid

Crash - The bus roof was almost com-| stopped at another huge tree
pletely open
- Passenger seats were com-
pletely detached from cabin
floor
- Surviving passengers were able | - Pieces of glass were an obstacle |- The deep slope made rescue
to climb up to the road side| of rescuer process difficult
and try to get help - No first aid kit - Limited light made first aid difficult
Post- |- The nearby police guard found - No phone signal at accident site
crash them - EMS team reacted effectively with

in a short timeframe

skills

) Host factors

Although the bus driver has a valid license, he had limited skills in driving a tour bus
and not familiar with mountainous highway. He is a part time bus driver with company and
only drives for ceremony occasion. His diving experience may have contributed to the accident.
All passengers had no basic knowledge of first aid. No one reported of alcohol drinking. The
driver had no history of illegal drugs used.

Il) Vehicle factors

The bus passed vehicle inspection on 30 September 2013. Although this old bus (15
years) was in good condition, we could not find any seat belt on the bus. We found that its
body was refurbished and passenger seat was detached with the floor by using 4 screws and
did not have safety delay wheel break system.

I} Environmental factors

A. Physical:

The two-way road has the sharp curve downhill at the accident site with deep ravine.
The guardrail was damaged and has already been replaced with new one, when team arrived
for investigation. No speed limit and warning signs were observed. The side road guardrail
could not protected a bus from getting down to the ravine. Survivors reported good weather
condition but visibility was poor at that time.

B. Rescue process:

It was reported that the EMS team arrived at the scene on 18: 30 p.m. Rescuer teams
consisted of district EMS, and 2 EMS teams from Chaingmai and Phayao provinces. Victims
were triaged and transported to district hospital according to Incident Command System (ICS)
procedures. All victims were evacuated from the scene within 5 hours. There were 17 survivors
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and 22 deaths. From the interview, 3 obstacles of rescue process were identified including a
ravine landscape, limited light and communication signals.

Main risks factors identification
According to WHO road traffic injury prevention training manual, we identified main
factors associated with the accident as follows.
. Factors influencing exposure to risk;
- Approval driving license of all types of vehicle could not warrantee safety driving
skill of bus driver
- Weak vehicle safety inspection criteria
Il. Factors influencing crash involvement;
- Lack of bus tour driving experience of bus driver
- Poor break system safety features of bus
lll. Factors influencing crash severity;,
- No seat belt installed
- Unsafe seats attachment
- Insecure bus body to protect passengers from impact
IV. Factors influencing post-crash outcome;
- Regularly ICS exercise of rescue team
- Environmental barriers (deep sloped ravine, darkness, no telephone signals)

- Continuous monitoring and reevaluation of patients at primary hospital

Conclusions :

Results obtained from Haddon matrix analysis provided information related the fol-
lowing accidental phases.

Pre-crash : Bus driver did not have sufficient experience in driving tour bus especially
driving steep uphill and downhill on narrow road which had resulted in mass casualty. Bus was
not in a good condition to carry large number of passengers without safety belts to protect
them from impact when accident happen. Although the weather was good, specific warning
signs, such as speed limits or sharp curve were not present.

Post-crash: Deep slope of the scene and poor visibility made rescue situation very
difficult to evacuate victims from the bus. First aid kids were not available for survivors to assist
injured passengers. Limited communication (no telephone signal) delayed the rescue process.
Discussion and Recommendation :

Thailand experienced many bus accidents all year round during Thai New Year celebra-
tion (13 April), holiday seasons, and religious ceremonies. Thailand Accident Research Center
(TARC) provides in-depth accident analysis of all types of vehicle including bus. In 2010, TARC
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reported that 99.5% of Thailand public transport vehicles had no safety belt installed™. One
of serious bus accident was reported in 1997 *. This accident occurred in Doi Saket district,
Chiangmai province which resulted in 17 deaths and 35 severely injured.

The bus accident we investigated has similar features of Doi Saket accident. The
similarities of this accident included bus type and size, road layout, plunging into ravine, poor
break system, no safety seatbelt installed and unsafety seat attachment.

In our study, we determined several opportunities to improve safety and prevention measures.

l. There should be a specific driver license for bus driving which should be different
from other types of vehicles. Bus driver requires more skills in controlling the vehicle compare
to car and truck. The bus safety driving training program should be developed to keep up the
experience and skill of bus driver.

IIl. The bus safety system inspection should be strengthening. A standard inspection
check list should include safety instruments on buses (seat belt, first aid kids, etc.) and body
safety standards (safety glasses, cabin and roof structure, seat attachment etc.) .

IIl. Emergency responders should be well equipped with essential rescue instruments
(spot-light, thick glove, gogsle, 2-way radio, and sets of pulley and spinal board, etc.) .

IV. Regular multi-provincial joint ICS training exercise should be continued to preparing respond-
ers for future emergency incidents.

For future accident investigation, we would recommend to set up a taskforce and
invite multi-disciplinary professions (traffic engineer, lawyer, and insurance officer) to conduct

joint investigation together.

Limitations :

- Recall bias may occur during the interview of survivors and witnesses.

- Limited information related to vehicle engine inspection, road safety condition,
traffic law enforcement, and vehicle insurance.
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Table 1. The causes of death of victims bus accident, Lampang province, 2013 (n=22)

Cause of death No. of cases (%)
Severe head injury 14 (63.6%)
Severe thoracic injury 4 (18.2%)
Cervical spine fracture 3(13.6%)
Blunt abdomen 1 (4.6%)
Total 22 (100%)
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Table 2. The Haddon matrix analysis result

Pre-crash

Host

Driver had valid driving license
but limited experience of driving
bus on highway

No alcohol use

Not wearing seat belts

Agent/Vehicle

- The bus was licensed since
1997Bus passed DOT inspection
on 30 September 2013

- No seat belts present

- Passenger seats attached on
cabin floor with 4 screws

Environment

- The highway has sharp turn

downhill slope with height

ravine

Good weather

Good road surface with guardrail

No warning sign of sharp turn

- Annual ICS exercise practice of
district level rescuer

Crash

Majority of passengers were
elderly

Driver has limited experience
with hill driving

- The bus lost control when mak-
ing sharp turn at high speed

- Break system was functioning

- The bus roof was almost com-
pletely open

- Passenger seats were completely
detached from cabin floor

Bus destroyed the guardrail
when plunging into ravine.

Bus flipped over in deep ravine,
cut through a large tree and
stopped at another huge tree

Post-crash

Surviving passengers were able
to climb up to the road side and
try to get help

The nearby police guard found
them

No one had a first aid or self-aid
skills

- Pieces of glass were an obstacle
of rescuer process
- No first aid kit

The deep slope made rescue
difficult

Limited light made first aid dif-
ficult

- No phone signal at accident site
- EMS team reacted effectively
with in a short timeframe

Figure 1. Bus seat location of 39 passengers

|

front
console

2™ floor
- passenger
console
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Figure 2. Bus scene at accidental location, the bus hit the trees and flipped over with roof

completely torn off.

Figure 3. Event timeline of bus accident

16.30 Bus departed from Phayao province |

17.55 A driver went to check
something but no idea for problem.

18.00 The accident occurred |

0230 All autopsies were
completed and the end of
ICS was announced.

18.15 Incident command system
(ICS) was announced

18.30 The first rescuer team
arrived at the scene.

19.00 The first victim was transferred from
the crash scene to the district hospital.

20.00 The last victim departed from scene

21.10 The first victim was
referredto secondary hospitals.

22.30 Last victim departed the local
hospital to secondary hospital

16:00  17:00  18:00  19:00  20:00  21:00  22:00  23:00  00:00  01:00  02:00 Time
23 October 2013 24 October 2013

dins:v103nen ddnnudonunsuAulsan 1-13

&UnnuaIsIsaugyIIHIa NS:NSIA1SISUGY llazInSad1gaHa1INaUS=INA




AR
o0
e @ Wi = P

Appendix 1. The Haddon matrix

The Haddon matrix is an analytical tool to help in identifying all factors associated
with a crash. Once the multiple factors associated with a crash are identified and analyzed,
countermeasures can be developed and prioritized for implementation over short-term and
long-term periods. The Haddon matrix describes the event in 3 time phases; crash, during the
crash and after the crash (within row), in relation to the factors; person, agent and environment
(within column).

The host column refers to the person at risk of injury. The agent of injury is energy
(for example mechanical, thermal, electrical) that is transmitted to the host through a vehicle
(inanimate object) or vector (person or other animal). Physical environments include all the
characteristics of the setting in which the injury event took place (for example a roadway, build-
ing, playground, or sports arena). The social environment includes the social and legal norms
and practices in the culture. The phases referred to rows in the matrix. These are the phases
at which change would have its effect - (1) pre-crash (before the bus arrived the accident area),
(2) crash (start from accident was occur till the bus stop), and (3) post-crash (after bus stop till

announced the end of event). For the example of the Haddon matrix is in the Table Al.

Table Al. The example of Haddon matrix

FACTORS

HOST AGENT/VEHICLE ENVIRONMENT

Pre-crash | - Information Roadworthiness Road design and road
- Attitudes Lighting layout
- Impairment Braking Speed limits
- Law enforcement Handling Pedestrian facilities

Speed management

Crash Use of restraints Occupant restraints Crash-protective roadside
Impairment Others safety devices objects

Crash protective design

Post-Crash | First-aid skill Ease of access Rescue facilities

Access to medics Fire risk Congestion
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