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Summary

crvical spine injuries such as subluxation and fraclure dixlocation have long been known o result in severe
consequences. as well as the frouma management iself. The injury 10 the region has been identified as one of the
major causes of death in Malaystun motoreyelists involved in road erashes, besides head and chest injurics (Pang.
19991 Despite this, cervicad spine injury in motoreyehsts is not @ well-studied injury. unlike the whiplash injury in
motorear gecdents. The present study is a retrospective study on the mechanisms o injury in cervical spine
sustained by Madaysian mowreyclists, who were involved in road crash using an established mechanistic
classification system. This will serve as an initia] step to ook at the cervical injuries pattern. The information

oblained gives engineer ideas 1o faciliate design and sulery features 10 reduce injuries.

Al eervienl spine injured motoreyclists admited 1o Hospital Kuad Luipur between January 2000 and December
31, 2000 were included in the present study. Based on the medical notes and radiological investigations (X-riys,
CTund MR scans). the mechanisis of injiries were fomulated using the injury mechasios classification. The result

shows thae flexion of the corvical vertebrae s the most common vertebral Kinematics in causing  mjury (o
motoreyelises, This indicates that the cervical vertebrae sustained o high-energy loading i flexion movement in
raad crasin and excevded s olerance level The high frequency of injury a1 the €3 vertebru, C6 vertebri and C3
GO ntervertebral space are recorded. Classification based on the Abbreviated Injury Scale (AISY is mude 10 give o
view o anjury severity, 9. 1% of the study samples have been classilied as AL code 1, 515% with Al 2 and 23.2%
with AIS 3,
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Introduction njury s one of the major sirale causes of death
Malovsam mntoro chists g, 1999,

Fhe nech mpeny has fong been known o pose a deatls

e to motorcvalists i rowcd crash Bosides. the neck " ,
[he rond erashy casualiies reported waang dat caoaifuble
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ranid crash occurred fromr year 1998 1o mdvear 2000
Hata] cases contribate about 18 3% This informaion s
representabie ko national statisnes as the dabuase wt
RaRCs constanthy svnchionized with the natonal
accident databuse at Roval Malavsian Police (PDRM)
Motorevehsts contributed about 30% of the figures. As

such a proper imvestigaiion on the injury is needed.

ahhough several experimental studies have been
conducted on neck injury subjects inovehiele orash
tAnders etal, 20000 svensson et al, 20000, especially the
woell-known  whiplsh mjury, the phenomenon in
motorevelist road crashes has nor yet been established.
Part of the reason vuy be due o differenn road
caviromments indeveloped countres, which has low
frequenoy ol use ol

motorevele  In Madayvsia, the

motorovele continues 1o be a0 populir maode ol

an 1 or many decades,

Bogduk and Mercer (2000) statedd that neck injury
mechamsms should be swudied  Trony the cervicul
vertehrae, as it precdetermine  the possible neck
movements, Hence. indtiad study on 1the cervical injury
sustained by motorevelists s required, based on
sound understunding of the mechanisms ol cervicad
injuny sustiined by mortorevehises. Real world roud
crash o mtormaton is necded, Desides the results from
Lthoron tests using dumnues.

Biomechuanics of Cervical Vertebrae

The cervicalbverehrae, idemified as C1CT L are perhiaps
some of the most unique wnd nteresting parts of the
spine. Thev are the most mobile region of the vertebral
column and wre cruciad in supporting the weight of the
head and the neck el throughout lite, A fundamental
hnes T dge i amitonny s impoctiont o anderstand the
o cchanies of the cervical spimwe, betore any study of
njnny mechanisos

Fhe corvicad lordosis is the feast distinet curve of the
sprita structure. butin behaves like adl the spinal carves
and helps to absorh the doad applivd to the spime. The
cenvical spie is generally described inthree parts, te
atanto-occipital, atanto-asl, and the lower cervicad
jots €

The athento-occipitl joint forms the Hnk between the
head and dhe atlas. The possible movements at this
joint are flexion  and noLens, The

oy aents are achieved byothe condvles rolling and

CXTUNsIon
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obide aeross the socket, This allows the head to flex or
extend and indicate "ves" Under nocmal conditions,
Hexion is lmited by the tension in the posterior neck
muscles and impaction of the submundibular tissues
against the throat, while extension is Jimited by the
occiput compressing the suboccapital muoscles.

The axis carries the head and the atles tirough atlanto-
axial joints.  Besides weight bearing, the cardingd
function of the adanw-axial junction is 1o permit a large
range of axinl rotation. The movements are achieved by
the pivoting of the adas on the odomoid process and
sliding on its ipsilateral aspect.

The motions for the cervieal region from C2-C3 through
C7AT are tlexion, extension, lateral texion and axial
rottion, Usually the runge of exiension of the lower
cervical spine is greater than tlexion, Extension. being
limited below by dhe inferior articulur processes of C7L
enters o groove below the superior avticular processes
of Ist thoracic vertebra (T The flexion maotion, on the
other hand is limited by the lips of the anterior and
inferior aspect of the cervical vertebral bodies pressing
against antertor and superior aspect of the vertebral
hodies below, Lateral flexion of the cervical spine is
accompanied by the motation of the vertebral bodies
mto the concavity formed by the Taterad flexion

The remendous cdinical concerns regarding injury 1o
the cervical region has  prompied
various  biomechanical analyses o understand the

rescitrehies o

mechanical and kinematic properties of the cenical
spine.

Materials and Methods

In the present stucdy. motoreyelists sustainmy injury and
admitted 1o the orthopedics ward, General Hospial
Ruala Lumpur, Malavsia, between January 1 2000 and
December 31, 2001 were selevted for the stadyv, The
detaits of the motoreyehist were obmined from the
admission records. Opinion from the physician or
surgeon treating the motorevelist wus also obtiined.
Age of the motoreyatist and the Tistory of injury and
other diseases of the patientwere crucial, Any diseases
or other factors, which may contribuie o the cenvical
injury. such as rheumatoid arthritis, were noted.

The driagnosts of injury and descriptions were obtained
from the patient's case notes. The injury sustained by
maotoreyalists were then coded and caregorized into
severity difterences using the Abbreviated Injury Scade

147



ORIGINAL ARTICLE

CALS) 1900 revision Cupdate 98) The ALS scates from
| for the minor injuries and up o G lor eritical Cluble
D

The Xeray, Ch-scans and MR (nugnetic resonance
inging) with the radiologist reports were then used o
identily the types of ingury. such as wedge fracture and
UnCinae process  fracturne Roal” (1904}, analyzing
cervical radiograph, has shown thar injuries o the
vertebrae can be studicd retrospectively, 1o identify
witey mechanisms, By using piaores and diagrams
drawn  abour the injury ypes. the  causes  and
mechanisms of injury can be translated into mechanical
categorics. However, the odontoid 1racture bas been
reported o have imprecise mechanism of injury. Bascd
on tinite clement model stady (Putthz ee al, 2000,
Graham et ald, 2000, Literal shear Foree and extension
Kinematics were observed o cause the fracture. The
inlormation is  added im0 injury  mechanisms
classification table Crable I, The cassification in the
table was then used to group the injury mechanisms ot
cervicat spine to study the kinematics of neck motion

during road crash.

Results and Discussion

Durmg period ol stody, there were 700 patients
wdenufied as having sustuined  cervical injury and
admitned to the orthopedic wards, Hospital Kuala
tumpur, under Maor Veliele Road Crash (MVA)
aategory. They consist @ wide range of road users like
drivers, bicyclists, pedestrians and others. Apart from
that, 47050 of the medicad records have successfully
been traced and

identificd  as motoreyctists, who
sustained  nyures from road crash. As the dan
collected tromithe 33 medical reports, 97% of them had
record of neither neck injury history nor discases that
associated with bone detformities. All the selected cases

20

were male motorevelists and 7278 of the viclims aged

botween 1o and 29

In mjury investiganon, the AIS has been widely used,
cervical iguries arising trom the road erashes have
heen categonzed according to AlS score (severity
differencesy. i this study, wis suggeseed that cervical
spine injury with ALS 2 and A should be categorized as
nior impury, and with AIS 9 and 5 1s categorized as
severe injury as it causes severe life threatening
neurological problems,

As seen in Tabie B about 0% of the cases obtained
froay Hospral Koala Lompur caone under categony ALS 2.
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These cases usually ohserved with fracture vertebrae
(Figure 2y and need supervision from medical staff with
carelul rauma mansgement. The numuber of AIS 1
paticnds, which shown 9.1% in this study may huave
furger number of then in population. Since minor
injury CAIS 1) such as soft tissue injury is reated as out
patient and large number of the cases were probably
omitted due o incomplete hospiaal recards.

Fracture of the odontoid and vertebral facet usually
code with AlS 3 because it poses an unstable fracture
to the vertehral column and structure, and leads o
further injury 1o the spinal stucture. Any injury that
provides  neurological  complicanons,  such as
guadnplegia and tetuplegia is coded AIS 4 or S and
considered as severe case. In the present study, cases
with AlS 4 and 5 were observed o have subluxation
and dislocation type of injurics. These type of rius
were not stable. and at high sk of impinging on the
spinal cord or spinal nerves (Figure 3. Maost of the
paticnts have Dfe long disubiliies. The present study
rules out fatal cases, which is clussilied as AIS 6.
When the colleated data were analvzed by mjury
frequency acvording 1o injury location, an andatomical
patlern was observed as shiown in Tuble IV Imuries of
the convicad spine did not ocewr at one part. but
involved numerous vertebrae, such as vertebre CA,
intervertebral dise C4-CS and vertebrae C3.

Tuble 1V shows that nwost of the injury occurred at the
fower parts of the cervical spine. the €3, CO and the
intervertebrd joint between C5-CO were the most
frequently injured location sustained by motorevelists,
constituting about 3% of all the sie of injury. The
finding shows good correlation to the stady of human
heud-neck computer model upon impact (Kabo 1983),

the cervical spine was reported o experiences it
mavimum maobility in the region of €3 1w C( der
touding. Present stidy recorded  high frequency of
cervical spine injury at lower cervical spine, especially
at vertebrae O35, intervertebral C5-Co and verntebrae CO.
However, the movement ol the neck should be taken
into consicdertion when investigating the injury, so that
the ijury mechanism cun be ascertained.
[nvestgations using Xerays and O scuns have

provided  cvidences  of imury  sustained by the
motoreychists and muade the identitication of injury type
possible. According o John ¢1990), mcchamcal catises
for certain type ol imury can be identificd bused on

radiograplic images
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The lexion and axiul compression motions were the
most frequent corvical spioe injury mechanisms,
sustained by motorevelists i road crashes. Figure <
shows a typical injured cervcal spine due o such
motions, 1 should be noted that most of the injury do
not o exast o with o single cervical kinemanes;
comtbimation of two or more ey create the imuries,

suchas Hexion-compression  Figure 2 s an example of

tedrdrop vertebrad Dacture. whiteh produced an
Jntenor-mierion corner fracnire fragment and a sagittal

fractire dhrough the vertebral body  This type of

fracture has been known o be cause by w flexion-
compression mechanism. However, present study only
counted the pre-dominant cervicul kinematic (Table V).

Fren sthia the normyal physiotagical movement, mose
than one kmematic elemem can ocenr within the
vert e colunn in o single movement,. The coupled
motion hus been known o share these characteristics
i Jateral flexion, This has made the cassthoation tsks
more ditficult i the imvestigaiion is based only on the

injured cervical bones itsell The existence ol other
injuries tike head injury and body taceration has been
incorporaed to predict the neck motion during road
crash. The rational behind is due to the fact that the
neck motion is related o the motions of head and the
body (Pormoy, 1971),

It is postutated tha the motoreyclists neck may {lex in
Aroad arash. This causes the normad cervical tordosis to
disappear and the cervical vertebrae are aligned axially,
In this position, the cervical spine becomes a
scgmented column that lacks the concave structure,
whicly iy required tor energy-absorption in neck
bending. The neck structures, especially the cervical
vertebrae will have o absorb all the loading encrgy.
When the energy excecds the capacity of the cervical
structures, [aiture will occur. Disruption of  this
structure hud been known o cause further flexion or
rotation of spine (Whitting, 1998 and wassoctued with
substuxation or dislocation injury observed in Figure 4.

Table I: The neck injury AlS coded for motorcycle rider in road crash

AlS Description

1 Minor - e.g: Strained spine, acute with no fracture or dislocation.
2 Moderate - e.g: Disc injury without nerve root damage.

3 Serious - e.g: Cord contusion with fracture.

4 Severe - e.g: Incomplete cord syndrome with fracture.

5 Critical - e.g: Complefe cord syndrome C4 or below,

6 Maximum - e.g: Complete cord syndrome C3 or above.

$ Unknown

Table lI: The classification of injuries according to the mechanics cause

Mechanistic Classification

for Cervical Spine Injuries

T

Injury types

Cervical motion

Hy; ‘exion sprain

Bilateral interfacetal dislocation
Simple wedge {compression) fracture
Flexion teardrop fracture

Flexion

Unilateral interfacetal dislocation

Flexion-rotation

Odontoid fracture

Extension-lateral shear/compression

Burst (bursting, dispersion, axial loading) fracture
Hyperextension dislocation

Avulsion Fracture of anterior arch of atlas
Extension feardrop fracture of the axis

Fracture of posterior arch of atias

Laminar fracture

Hyperextension fracture-dislocation

Vertical compression
Hyperextension

Uncinate process fracture

Lateral flexion

Med § Malaysia Vol 59 No 2 June 2004
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Table Ill: The frequency of Abbreviated Injury Scale (AIS) sustained by motorcyclists
in cervical injury

AIS score Frequency Percentage
] 3 1%
2 17 51.5%
3 7 21.2%
4 i 3.0%
5 5 15.2%
Total 33 100.0%

Table IV: Injury frequency according to the injury location sustained by motorcyclist

Injury location Frequency Injury location Frequency
{fracture) (subluxation)
Cl 1 C1-C2 1
C2 3 C2-C3 3
C3 2 C3-C4 2
C4 8 C4-C5 2
C5 11 C5-C6 6
Cé 11 Cé-C7 4
a7 8 C7-1) 3
Total | 44 Total 21

Table V: The proportion of cervical mechanics into it’s causing injury

Cervical motion Frequency of injury Proportion
Lateral Flexion 4 0.121
Flexion 14 0.424
Axial Loading/ compression 8 0.242
Extension/ hyperextension 4 0121
Horizontol impact/ others 3 0.091
Data collection in v Medical
hospital —> e
reports
r Il
Xoravs | Injury diagnosis and
CT scans 1‘ deseriptions
’ Injury ’ Injury severity
. [\“k‘,ch‘dnviﬁsr}li 3 \ﬁ‘._(*/u%! s
1l Lh
Results ;

Fig. 1 : The flow-chart of the methodology
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Fig. 2 : Axial cut (CT) though vertebrae body is
cervical region, the arrows showing
fractures of the body

Fig.4:A 3D CT image shown fracture
dislocation to the cervical vertebral
column, the patient sustained
incomplete neurological dysfunction

Med | Malaysia Yol 59 No 2 June 2004
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Fig. 3 :Sagittal cut (MRI) showing C5-Cé
subluxation of cervical spine

Conclusion

The present study has shown o correlabon with the
computer simulation stady on head-neck response (o
toading by Kabo €1983). The outcome shows thut €3
and GO wre cusily susceptible o inpiry i motoreyvele
roadd crasti Present study bas identiticd that the flexion
motion ancd COMPression mechunismys dare the 1wo most
conunon injury. mechanisms sustained by Malavsian
motorcylists inroad crashies. As such steps should be
tken to reduce or ubsorb the loading encrgy when the
noeck flex. Pacdding muterials with proper design may
spine injury

be added o reduce the severity of cervica
i road crish.

This information may serve as a basis for further action,
Based  on e Jundamental knowledye in human
anatomy and mechanes, e angle of neck movement
and tolerte energy loading should be studied. Analvsis
on soft tissue and bone stifoess through experimental
and anaiviical studies ay help o provide further
mnformation in designimg o proper resinun system o
minimize the neck injuries during road crasl
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