MRev 01/2009
MIROS Review Report

Spinal Injuries Among Motorcyclists in Road
Traffic Collisions: Literature Review

Zarir Hafiz Zulkipli
Abdul Rahmat Abdul Manap
Noor Faradila Paiman
Wong Shaw Voon, PhD

MALAYSIAN INSTITUTE OF ROAD SAFETY RESEARCH

MRev 02/2009

MIROS Review Report

Spinal Injuries Among Motorcyclists in Road
Traffic Collisions: Literature Review

Zarir Hafiz Zulkipli
Abdul Rahmat Abdul Manap
Noor Faradila Paiman
Wong Shaw Voon, PhD

MALAYSIAN INSTITUTE OF ROAD SAFETY RESEARCH

MIROS © 2010 All Rights Reserved

Published by:
Malaysian Institute of Road Safety Research (MIROS)
Lot 125-135, Jalan TKS 1, Taman Kajang Sentral,
43000 Kajang, Selangor Darul Ehsan, Malaysia.

Perpustakaan Negara Malaysia

Cataloguing-In-Publication Data

Spinal injuries among motorcyclists in road traffic collisions : literature
review / Zarir hafiz Zulkipli ... [et al.].
(MIROS review report ; MRev 01/2009)
ISBN 978-983-44643-8-7
1. Motorcycling injuries. 2. Spinal cord--wounds and injuries. 3. Motorcycling
accidents. I. Zarir hafiz Zulkipli. II. Series.
363.1259

For citation purposes
Zarir HZ, Abdul Rahmat AM, Noor Faradila P & SV Wong (2010), Spinal Injuries Among Motorcyclists in
Road Traffic Collisions: Literature Review, MRev 01/2009, Kuala Lumpur: Malaysian Institute of Road
Safety Research.

Printed by: Publications Unit, MIROS
Typeface: Goudy Old Style
Size
: 11 pt / 15 pt

DISCLAIMER
The information contained in the report is restricted and/or privileged information and is intended only
for authorised screening and/or confidential presentation of MIROS’s discretion. This report should not
be disseminated, modified, copied/plagiarised or action taken in reliance upon it, unless permitted
by MIROS. None of the materials provided in this report may be used, reproduced or transmitted, in
any form or by any means, electronic or mechanical, including recording or the use of any information
storage and retrieval system, without written permission from MIROS. Any conclusion and opinions in
this report may be subject to reevaluation in the event of any forthcoming additional information or
investigations. MIROS declares that all the inquiries which MIROS believes are necessary and appropriate
and that nothing significance which MIROS regards as relevant have, to MIROS knowledge, been withheld
from the report.

Spinal Injuries Among Motorcyclists in Road Traffic Collissions: Literature Review

MRev 01/2009

Contents
Abstract			

v		

		

1.0

Introduction

1

2.0

Prevalence of Spinal Injury in Motorcycle Crashes

2

3.0

Consequences of Spinal Injuries			

8

3.1 General Overview of Injury Severity of Motorcyclist		
3.2 Spinal Injury Outcomes			
3.2.1 Mortality			
3.2.2 Disability			
3.3 Cost of Spinal Injuries			
3.3.1 Medically related cost			
3.3.2 Future work loss cost			

8		
12
12
13		
14
14
16

Injury Pattern and Mechanism			

17

4.1

Cervical Spinal Injury			
4.1.1 Injury mechanism			
4.2 Thoracic Spinal Injury			
4.2.1 Injury mechanism			
4.3 Lumbar Spinal Injury			
4.3.1 Injury mechanism			

19
20		
20
23
23
24

Modelling			

26		

5.1

Injury Criteria			
5.1.1 Cervical injury criteria			
5.1.2 Thoracic injury tolerance			
5.1.3 Lumbar injury tolerance 			
5.2 Computational Model of Spine			
5.3 Motorcycle Crash Dummy			
5.4 Prediction Model			
				

26
26
27
27
28
30
31

6.0 Conclusion			

32

References			

33

4.0

5.0

iii

Spinal Injuries Among Motorcyclists in Road Traffic Collissions: Literature Review

MRev 01/2009

Abstract
This report is essentially an extensive review of literature of spinal injuries
sustained by motorcyclists. The objectives of the review are to: (i) determine
the prevalence of spinal injuries in motorcycle crashes; (ii) show the significant
consequences of spinal injuries and its related social burden; (iii) identify spinal
injury pattern and mechanism; and (iv) evaluate current spinal injury criteria
and the existing computational and physical model of spinal injury based on
an extensive review of available literature. Based on the literature review, it
was found that motorcyclists indeed sustained spinal injuries which frequently
have devastating effects on them especially those involving spinal cord injuries.
Most authors have reported a low incident rate for spinal injuries. Based on the
population-based study, the closest percentage of spinal injuries prevalence is
7%. Despite its low prevalance, the actual situation is very critical because of its
enormous social burden and cost. The most critical part of spinal is the cervical
as the review indicates a high mortality rate among motorcyclists who suffered
cervical injuries. The thoracic spinal area is also another critically important area
because injuries to the thoracic spine often cause neurological impairment and
also occur at similarly high rate. Computational models have been developed
only for car-related crashes and even so, usually focused on particular aspects such
as damage to the cervical spine in whiplash injuries. To date there has been only
a single study done that provides a prediction model to specifically address injury
outcome among motorcyclists. Research on spinal injury due to motorcycle road
crashes should be expanded to include experimental and validation tests in order
to provide important information on safety features that may help reduce injuries,
specifically spinal injuries.
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Introduction

Spinal injury is one of the most devastating injuries to be sustained during a
motor vehicle crash. Strangely, spinal injuries sustained during motorcycle crashes
are reported to be low, ranging from 1% to 7% of the crashes (Shrosbree 1979;
Braddock et al. 1992). Even so, the social burden of spinal injury is immense. For
example, Spinal Cord Injury (SCI) remains the second most expensive condition
treated in US hospitals (Elixhauser et al. 1997; Wislow et al. 2002). Respiratory
complications after the injury are almost always associated with high mortality or
a longer length of stay, thus leading to higher hospital costs (Wislow et al. 2002).
It is also reported that spinal injuries incur societal costs of up to 5 to 10 billion
euros and are on the increase in Europe (Morris et al. 1996). This is due to the
potential for long term impairment, inherent in spinal injuries.
Motorcyclists are inherently a high risk group and generally susceptible to high
velocity injury and multiple traumas. Patients with multiple trauma present
major diagnostic problems as some spinal injuries are not readily apparent
during initial examination. Additionally, fatal cases involving spinal injuries,
especially to the cervical spine, might be under-reported because they are not
routinely examined by forensic experts, especially when the obvious reason for
death is more pronounced such as a head injury (Pang et al. 1999).
There is rather limited information on spinal injury mechanism resulting from
motorcycle road crashes. Much effort has and is concentrated on car passenger
road crashes. For instance the Neck Injury Criteria (NIC) during rear end
collision has served as a validation tool to understand whiplash injury (Bostrom
et al. 1996). To date, there is no spinal injury criterion or a model specifically
designed to investigate spinal injury due to motorcycle crashes. Hence, the
objective of this report is to conduct an extensive review of available literature
and studies on spinal injury related to motorcycle crashes and consequently
identify the knowledge gaps.
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Prevalence of Spinal Injury in Motorcycle 		
Crashes

In this section, spinal injuries sustained by motorcyclists in road accidents from
past studies will be highlighted. The advantages and disadvantages of different
methodologies used for each study will be discussed. They will be several different
‘entry points’ for each research methodology but they can be loosely categorised
under four types: population‑based studies, hospital-based studies, police/
insurance/death certification based and longitudinal studies. It is to be noted
that some studies can be a combination of one or more of the above methods.
In 1975, a study was conducted on injury patterns in motorcycle collisions
(Drysdale et al. 1975) for Sacramento County California. The study utilised
medical records of admission, police reports and death certificate reports for
1970 record. Case identification was carried out between police records and
medical admissions and follow-up questionnaires were sent to victims who had
survived in order to capture driver information such as height, weight, driving
history etc. A total of 1 273 persons were identified as having had medical
treatment due to motorcycle injury. Of this, 19 persons (1.49%) were identified
as having sustained fracture of the spine. In the same year, a study over a twoyear period (1971–1973) on motorcycle injury pattern was also published by the
Naval Regional Medical Center, Oakland, California (Deaner et al. 1975). It was
a retrospective study that utilised hospital records and therefore, the entry point
was hospital admission. A total of 324 persons were identified but there was no
information on the number of persons with spinal injuries. However, of the 240
fractures that were diagnosed, 16 fractures (6.6%) fell under vertebra fracture.
Braddock et al. (1992) conducted a population based study on motorcycle injury
pattern and the cost of injury in Connecticut State that incorporated police
records, death certificates and hospital records from 1985–1987. Although it
was similar to the study by Deaner et al. (1975), there was no information on the
number of cases involving spinal injury, but only the percentage of motorcycle
injuries, initially diagnosed, was stated. Of a total of 9 250 injuries sustained
by motorcyclists, 647 (7%) of the injuries involved vertebral fractures as well as
spinal cord injuries. Begg et al. (1993) carried out a study on motorcycle crashes in
New Zealand, which was published in 1993, utilising Health Statistical Service
(HSS) for fatal crash data and public hospitals for hospitalisation cases. Again,
there was no specific information on the nature of individual spinal injuries
sustained but only the number of spinal injuries and trunk injuries sustained,
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amounted to 9% of the cases. A study by Sinha et al. (1995) involving the Mersey
Region and North Wales on motorcycle crash injury patterns from May 1989 to
April 1990 also revealed an almost similar occurrence of spinal injuries. A total of
175 injuries were sustained by motorcyclists, and of this, 15 injuries were related
to the spine (8.57%). In 2002, a prospective study on incidence of motorcycle
injuries specifically related to intra-thoracic and intra-abdominal injuries was
conducted for California State (Kraus et al. 2002). The data was over the 1991 to
1992 period and consisted of both fatal and non-fatal cases. The number recorded
for spinal injuries was 172 out of the 4 231 injuries, that is, 3.1%. The most
recent study was done by Ankarath et al. (2002) on injury patterns associated with
mortality following motorcycle crashes at St James University Hospital Leeds. He
reported that the number of spinal injuries recorded was 129 out of the total of
1 239 injuries (10.4%).
In 2001, Lin et al. carried out a study on crash severity and injury patterns in
adolescent motorcycle riders in Taiwan. The study focused on junior colleges
and each student that was involved in a motorcycle crash underwent a follow-up
period in order to capture further information such as exposure characteristics
and injury patterns due to the crash. The number of spinal injury cases reported
during this study was 11 out of 1 889 cases (0.6%). Kasantikul et al. (2002) carried
out a study in Thailand on head and neck injuries sustained in fatal motorcycle
collisions that included detailed autopsies. It revealed that almost one-third of
the critically injured riders incurred serious soft tissue neck injuries. However, the
study did not provide data on the overall percentage of spinal injuries sustained
by motorcyclists involved in the crashes. A study on the pattern of motorcyclerelated injuries in Tehran by Zargar et al. (2006) from 1999 to 2000 revealed that
16 (1.2%) motorcyclists out of the 1 332 who had been injured had sustained
fracture of the vertebra which also included dislocation and nerve root injury in
the spinal cord.
Spinal injury studies among motorcyclists in Malaysia was initiated by Pang et al.
(1999) who carried out a study on both fatal and non-fatal injuries incurred by
Malaysian motorcyclists from January to December 1998. For non-fatal injuries,
the incidence of spinal injuries involving fracture of vertebra was 13 out of 226
patients (5.75%). For fatal injuries, no figures were reported on the incidence of
spinal injuries. Interestingly, the number of neck injuries was reported to be 11
out of the 186 cases (5.9%).
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An ideal sample size is normally derived from a combination of population-based
studies but it is time consuming and can be very costly. Hospital-based studies
are the next best alternative but to arrive at a conclusion based on a single centre
study may not be sufficiently accurate to extrapolate for the whole population
at risk. Table 2.1 shows that spinal injury prevalence varies between 1% to 10%
of the total sample from different types of studies. This wide range of outcomes
does not provide for firm conclusions to be drawn on spinal injury prevalence.
In this case, perhaps the closest percentage for spinal injury prevalence is from
the Connecticut population-based study which is approximately 7% of the total
sample. Table 2.1 also shows a significant difference in spinal injuries between
developed and developing countries. Spinal injury incidence is reported to be
lower in Iran, Malaysia and Taiwan compared to the more developed countries
of New Zealand, US and the UK.
Elvik (2008) postulated that the more fragmented the contribution of a set of risk
factors, the more complex is the problem. In simple terms, the problem becomes
more complex if there are multiple factors involved and each factor makes just
a small contribution to the problem. In contrast to other types of injuries,
estimating spinal injury prevalence might be hindered because of the difficulty
in diagnosing the injury itself. For example the incidence of delayed or missed
diagnosis of cervical spine injuries is between 5% and 20% (Davis et al. 1993;
Gerrelts et al. 1991; Reid et al. 1987). Previous works have shown that common
reasons for delays in diagnosis are radiologic misinterpretation, incomplete sets
of radiographs, or inadequate radiograph (Davis et al. 1993; Gerrelts et al. 1991).
In addition, the standard procedure for post-mortem reports will overlook such
injuries because the primary reason for a post-mortem is to find the cause of
death (Pang et al. 1999). Constraints of time in diagnosing injuries can also be a
problem as the literature survey suggests different optimum time frames to detect
the injuries sustained.
The most predominant severe injury in motorcycle crashes is head injury and
for decades much attention has been given to head injury prevention. However,
some issues on motorcycle crash injury pattern need to be addressed. First, it
is known that proportional injury to different anatomical parts shift from one
part to another if helmet use is increased. The benefits of helmet use have been
proven to mitigate head injury and many countries nowadays have adopted or
passed legislation on (compulsory) helmet use. However, as the number of fatal
and severe injuries from motorcycle crashes due to head injury decreases, the
number of fatal or severe injuries sustained by other anatomical areas or parts
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may remain or in fact increase. For instance, a study from California showed
that a decrease in fatal head injuries from 61% to 43% was accompanied by an
increasing shift to trunk injury, from 34% to 46% (Kraus et al. 1994). The second
issue is the increase in the overall trend of spinal injury related to motorcycle
crashes. Jackson et al. (2004) carried out a study on the demographic profile of
new traumatic spinal cord injuries and reported a significant increase in spinal
injuries related to motorcycle crashes. The percentage of spinal injury which was
4.3% from 1990 to 1999 increased to 6.9% from 2000 to 2003. It is important
to note that the demographics of spinal injury is on the increase and attention
needs to be given to this problem.
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Table 2.1 Studies showing percentage of spinal injuries
Authors
Drysdale et al. 1975

1970

Region/Country

Type of study

Sacramento County,
California, US

Population-based/
retrospective study/all injuries

Deaner et al. 1975

1971–1973

Naval Regional Medical
Center, Oakland,
California, US

Hospital-based/retrospective
study/all injuries

Marry Braddock et al. 1992

1985–1987

Connecticut, US

Population-based/
retrospective study/all injuries

New Zealand

Hospital-based/ retrospective
study/all injuries

Begg et al. 1993

1988

Sinsha et al. 1995

1989–1990

Mersey Region and North
Wales, UK

Hospital-based/ retrospective
study/severe injuries

Jess Krauss et al. 2002

1991–1992

California, US

Population-based/
retrospective study/all injuries

Ankarath et al. 2002

1993–1999

Yorkshire Region, UK

Hospital-based/ retrospective
study/all injuries

Mau-Roung et al. 2001

1994–1996

Taipei

Junior college students

Zargar et al. 2006

1999–2000

Iran

Hospital-based/retrospective
study/all injuries

Klang Valley, Malaysia

Hospital-based/prospective
study/all injuries

Pang et al. 1999

6

Year of study
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Total sample

Spinal incidence
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Percentage of
spinal injury

Medical admission records,
police reports, death certificates

1 273 patients

19 patients

1.49%

Medical admission records

324 persons/240
fractures

16 fractures

6.60%

Medical admission records for
hospital discharge and acute
care hospital, police reports

9 250 total injuries

647 vertebra and
spinal

7%

National Mortality File for all
public hospitals

2 623 case

No mention of the
numbers. Only
percentage of total
cases of spinal and
trunk injuries

9%

16 district general and teaching
hospitals in Merseyside, North
Wales and the Isle of Man

1 088 severe cases

4/30 for fatal and
15/175 from total
injuries

13% (F) and
23% (N)

11 California counties, hospital
records/ police records

548 fatal and
4 214 non fatal

17 for fatal and 155
for non fatal

3.1% (F) and
3.7% (N)

Trauma unit in Yorkshire

1 239 patients

129 patients

10.40%

8 junior colleges in Taipei
(urban) and two colleges in
Hualien (rural)

1 284 students

11 students

0.60%

6 hospitals in Tehran

1 332 patients

16 patients

1.20%

3 hospitals in Kuala Lumpur

412 cases

7 patients

1.69%
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3.0

Consequences of Spinal Injuries

3.1

General Overview of Injury Severity of Motorcyclist

The risk of being severely injured when travelling by motorcycle is higher than
that when travelling by car. In terms of vehicle-kilometre travelled, the chances
of a motorcyclist sustaining severe injury in accident are 10 times higher
than that for a motorist. Motorcyclists are therefore exposing themselves to
danger on the road as the motorcycle offers minimal occupant protection
and, statistically, is the most hazardous means of highway transportation.
Consequently, motorcyclists are more prone to severe injuries when involved in
a crash. There are several reports in the literature on the severity of motorcycle
crash injuries. However, reports on spinal cord injuries are rather limited.
Andrew (1979) analysed the 145 cases in the Newcastle Hospital Casualty
Department and reported that injury severity was as follows:
1. Slight (n = 109)

: Superficial wounds, abrasions, bruises and chip
fractures

2. Moderate (n = 23) : Required admission to hospital, but not lifethreatening and included several fractures
3. Serious (n = 9)

: Life-threatening and included multiple injuries

Andrew’s (1979) study also reported a similar number of lower and upper limb
fractures, as well as soft tissue injuries. Only one facial fracture was reported
and no sign of spinal injury was detected. Four fatal cases were reported which
involved significant head injuries. Kasantikul et al. (2003) in Thailand reported
that an undiagnosed injury is the injury along the length of the vertebral artery.
As the purpose of autopsy is so often solely to identify the cause of death, the
associated spinal injury is often missed.
According to an analysis of motorcycle-crash injury severity among cohorts
aged 16 to 25 in Sweden, teenagers aged 16–17 from a low socio-economic
background had the greatest risk of sustaining motorcycle injuries (Zambon
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& Hasselberg 2006). However, this study only classified motorcycle injury
according to an index of severity with two categories, that is, minor and severe/
fatal injuries. This particular index was only analysed in general and not
classified further into type of outcome injury. Furthermore, the reported index
was not classified by body part injury. The focus of this study was far from
spinal injury related to motorcycle crashes.
On the other hand, Ankarath and colleagues (2002) modelled patterns of
motorcycle crash injuries associated with mortality in the various hospitals in
the Yorkshire region of UK. During the six years of the study period, they
succeeded in collecting several categories of injuries sustained by motorcycle
crash victims. The injuries are shown in Table 3.1.
According to Begg et al. (1994) who carried out a study on hospitalised
victims, the distribution of motorcycle injuries due to crashes is as described
in Table 3.2.
Table 3.2 Distribution of injuries by body parts among hospitalised victims
(Begg et al. 1994)
Body area (part)

Injury distribution (%)

Lower limb

43

Head

24

Upper limb

16

Spinal and trunk

9

Internal organs

5

Others

2

From Table 3.2, lower limbs recorded the highest number of injuries suffered
in motorcycle crashes. It is apparent that spinal injuries have a much lower
frequency of occurrence compared to limbs and head. Thus, it is reasonable
to conclude when analysing the data superficially, that spinal injuries have not
being previously given serious consideration.
If just the frequency of injury is evaluated, it would lead to an erroneous
conclusion and undermine the significance of spinal injuries sustained by

9
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Table 3.1 Type of injuries sustained by motorcycle crash victims in Yorkshire, UK (Ankarath et al.
2002)

Body area

Nature of injury

No. by
nature of
injury in
fatal group

Explanations

Head/ facial
injury

(n=146 patients)
•
Intracranial bleeding
•
Skull fracture
•
Cerebral laceration
•
Cerebral contusion
•
Facial bone fracture

37
37
6
39
19

42 died (29%)
21
12
6 (all)
2
6

Of the 42 fatal
cases, all patients
with cerebral
laceration died
and 50% suffered
intra-cranial
bleeding.

Chest injury

(n=216 patients)
•
Lung contusion
•
Fractured ribs
•
Haemothorax
•
Lung lacerations

56
81
24
16

24 died (11%)
24
20
19
8

All fatal cases
had lung
contusion with
20 cases being
complemented
with rib fracture
and haemothorax.

(n=158 patients)
•
Liver laceration

45

Abdominal
injury

Spinal injury
(n=129 patients)
(spinal fracture) •
Cerebral fracture
•
Thoracic fracture
•
Lumbar fracture

Axial skeletal
injury

10

No. by nature
of injury

15
87
17

22 died (14%) 22 of the
13
158 patients
who suffered
abdominal injury
died.
21 died (16%)
8
13
5

2 patients
succumbed to
paraplegia from
fracture of the
thoracic spine.
Cervical spinal
injury was most
likely cause of
fatality.

(n=1 168 patients)
This injury was among the highest recorded by Ankarath. Of the 1 168 patients who
sustained axial skeletal injury, 72 victims died (6%). This body area injury had the
lowest fatal rate compared to injuries to other parts of the body.
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motorcyclists in road traffic accidents. Although lower limb injuries recorded
the highest frequency, they are rarely severe or fatal. As in the study of Ankarath
et al. (2002) axial skeletal injuries constituted the highest cases recorded but had
the lowest fatality percentage. Analysing the studies of Ankarath et al. (2002)
and Begg et al. (1994) leads to the conclusion that the number of head injuries
from motorcycle crashes is significant.
On the other hand, although head and spinal injuries recorded low frequencies,
they could often lead to death or disability. This finding is already well known
and preventive matters have been undertaken with the implementation of the
law on mandatory helmet use.
Unfortunately, as spinal and trunk injury occurrences are rather low, only a
limited number of research studies have been carried out in relation to injuries
sustained by this particular body part in motorcycle crashes. For decades studies
on head injuries have overshadowed studies on other body parts injuries with
researchers focusing on head injury prevention. However, as mentioned in the
previous section, the trend of injuries is shifting towards unprotected body
regions, namely trunk injury (Kraus et al. 1994), as helmet use is positively
increasing. Furthermore, head injury always leads to fatality but in fact, the
consequences of spinal injury are more appalling. This is where researchers
often overlook subtle and long-term considerations in favour of immediate and
obvious solutions and this very often leads to erroneous public perceptions of
science and scientific research.

11
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Spinal Injury Outcomes

The number of people affected by spinal cord or spinal injury is increasing
nationally, especially among young people involved in high velocity activities
like skateboarding, car racing and skiing. Spinal injury may often lead to
disability or even sometimes death.
3.2.1

Mortality

Normally, cervical spinal injury associated with a ISS score of 75 is commonly
a cause of mortality (Ankarath et al. 2002). The National SCI Statistical
Centre, University of Alabama (2008) reports that life expectancy for persons
with spinal injury who survived at least 24 hours post-injury is as shown in
Table 3.3.
Table 3.3 Life expectancy for patients with spinal injury (National SCI Statistical
Centre, University of Alabama 2008)
Quadriplegia
Age at injury

Normal

Paraplegia

(Partial)

(Total)

20 years

56.0

32.7

30.5

22.1

40 years

37.2

17.4

15.7

10.3

60 years

20.4

6.1

4.8

2.3

Braddock et al. (1992) had analysed the death certificates of motorcycle crash
victim in Connecticut region of the US, they found that the annual death
rate was 1.2 per 100 000 persons. Meanwhile, from the hospital discharge
data during the fiscal years of 1987–1989, they found the reported estimate of
annual hospitalisation rate to be 29.6 per 100 000 persons. Table 3.4 shows the
summarised data showing death rate and hospitalisation rate.
As seen in the Table 3.4, in Connecticut, motorcycle crash death rate is highest
for cohorts aged 20–29.

12
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Table 3.4

Motorcycle crash victim death rates and injury hospitalisation rates
per 100 000 population of Connecticut, 1986–1988 (Braddock et al.
1992)

Age group

3.2.2

MRev 01/2009

No. of deaths

Death rate

Population

0–14

1

0.1

611 510

15–19

21

2.7

255 820

20–24

34

4.3

265 220

25–29

29

3.5

274 870

30–34

16

2.1

259 240

35–39

5

0.7

243 710

40–44

2

0.3

208 480

45+

4

0.1

1 071 390

Total

112

1.2

3 190 240

Disability

The thoracic and upper lumbar area is that of the body that commonly
sustains spinal injury in the event of motorcycle crashes (Ankarath et al. 2002).
Ankarath et al. (2002) reported that a fracture in the thoracic spinal area would
most likely cause damage to the neurology system. Their data showed that two
paraplegia cases were a result of thoracic spinal fractures following a crash.
When the spinal cord is damaged, it would result in lesions or paralysis.
Paralysis of all the limbs is known as quadriplegia or quadraplegia/tetraplegia
and this is caused by injury to the cervical region. If the injury is to the thoracic,
lumbar or sacral region, it is known as paraplegia. It is possible for someone
to suffer a broken neck or a broken back without becoming paralysed. This
occurs when there is a fracture or dislocation of the vertebrae, but the spinal
cord is still intact. It is important to note that the spinal cord does not have to
be completely severed for there to be a loss of function. In fact, the spinal cord
remains intact in most cases of spinal cord injury. Paraplegia is a condition
when a person has lost the sense of feeling and is not able to move the lower
part of the body, whereas quadriplegia occurs when a person has lost the sense
of feeling and is not able to move both upper and lower limbs. In addition to
movement and feeling, spinal cord injury affects other bodily functions, such
as breathing, and bowel and bladder control. Normal sexual functions may be
impaired.

13
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Cost of Spinal Injuries

Spinal injury may generate massive costs in hospital care, rehabilitation,
personal or family grief and suffering. It may also lead to reduced employability.
Furthermore, it is possible that patients with spinal injury may be forced to live
out the remainder of their lives in institutional settings such as nursing homes
for rehabilitation purposes. Marriages may also be affected by spinal injury. In
fact in Malaysia, most motorcycle accident victims are in the youth group and
may suffer many of these consequences if no intervention programmes are
undertaken.
3.3.1

Medically related cost

In general, spine injury is among the highest medical treatment cost due to
longer hospitalisation and rehabilitation period. The National Spinal Cord
Injury Statistical Centre (NSCISC), University of Alabama, had calculated the
cost of spinal cord injury distinct from other costs. It is interesting to note
that when admission to the SCI system is delayed beyond a mere 24 hours,
the length of stay and hospital charges for acute medical care and initial
rehabilitation are higher.
Moreover, Zaloshnja et al. (2004) had calculated the crash costs by body part
injured, fracture involvement, and threat-to-life severity in the US. Zaloshnja
found out that the highest medical cost among other types of injury is neck–
spinal cord injury; followed by injury to trunk–spinal cord, brain, hips/thigh
and skull fracture. The summary of the data is shown in Table 3.5.
Meanwhile, in Australia, it is estimated that more than AUD 113 million is
spent each year for long term care of newly cases of SCI from motor vehicle
traffic crashes (MVTCs) (Walsh & DeRavin 1995). In addition, in Canada for
a complete direct health care cost for traumatic spinal cord injury is C$121,600
per person for the first year of treatment (Dryden et al. 2005).
Average yearly health care and living expenses that are directly attributed to
SCI vary greatly according to severity of injury as shown in Table 3.6.
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359 615
914 563
1 195 428

76 665
365 719
523 385
589 998

42 148
27 581
148 425
178 111
249 356

1 426
8 257
15 090
15 245
209 623

74 475
117 230
159 986

Trunk–Spinal
Cord
Non-fracture
MAIS2
MAIS3
MAIS4
MAIS5

Brain/
Intracranial
Non-fracture
MAIS1
MAIS2
MAIS3
MAIS4
MAIS5

Hip/Thigh
Non-fracture
MAIS1
MAIS2
MAIS3
MAIS4
MAIS5

Skull
Non-fracture
MAIS2
MAIS3
MAIS4

Medical

Neck–Spinal
Cord
Non-fracture
MAIS3
MAIS4
MAIS5

Body part,
fracture and
MAIS

21 249
22 618
21 581

429
1 805
2 222
53 795
127 643

3 174
6 573
14 843
41 298
276 712

13 146
84 196
117 176
175 151

104 539
162 222
217 153

Household
work

87 622
93 933
101 178

1 335
3 971
9 865
308 375
420 307

10 573
24 295
59 818
160 117
712 954

15 464
142 475
232 501
264 841

167 776
273 789
357 021

Wage
work

25 859
31 058
35 804

564
1 707
3 815
39 114
59 189

4 965
7 584
24 557
43 279
76 706

10 974
56 786
73 228
79 790

57 595
104 474
125 080

Insurance
administration

24 144
31 988
39 026

184
1 242
3 751
52 093
104 564

1 990
6 687
26 507
50 268
105 893

14 531
81 765
106 488
106 488

87 222
106 488
72 768

Legal/court

3 954
6 799
9 833

3 844
3 954
6 799
9 833
9 446

3 844
3 954
6 799
9 833
9 446

3 954
6 799
9 833
9 446

6 799
9 833
9 446

Property
damage

237 515
304 002
368 237

7 879
21 149
41 909
479 285
931 623

66 790
76 886
281 317
483 736
1 431 918

134 946
738 106
1 063 441
1 226 557

783 914
1 572 199
1 977 748

Total
monetary

73 191
70 312
674 162

3 547
14 904
29 479
71 263
102 752

48 415
212 788
331 761
717 272
1 786 858

7 148
174 426
1 276 934
1 544 845

185 337
1 733 084
2 394 187

Quality
of life

Table 3.5 Costs per highway crash survivor, by body part, fracture and maximum severity in USD (Zaloshnja et al. 2004)

310 706
374 314
1 042 399

11 426
36 053
71 388
550 548
1 034 375

115 205
289 674
613 078
1 201 008
3 218 776

142 094
912 532
2 340 375
2 771 402

969 251
3 305 283
4 371 935
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Table 3.6 Average living expenses and healthcare according to injury severity
(NSCISC, University of Alabama 2008)
Severity of injury

First year

Each subsequent year

High tetraplegia (C1-C4)

USD 417 067

USD 74 707

Low tetraplegia (C5-C8)

USD 269 324

USD 30 602

Paraplegia

USD 152 396

USD 15 507

Incomplete motor functional
at any level

USD 122 914

USD 8 614

All groups

USD 198 335

USD 24 154

However, all these values only account for the cost of treatment of spinal
cord injury without specifically discussing the cause of injury. It is far from
considering the total cost of spinal injuries treatment incurs by motorcyclist
crash victim.
3.3.2

Future work loss cost

The costs of spinal injury related to motorcycle crash are even higher if indirect
and spill over factors such as permanent disabilities, loss of employment,
and not to mention, the long term effects on the social economy of a nation
are taken into consideration. These indirect costs includes losses in wages,
fringe benefits and productivity, which could vary substantially based on age,
education, severity of injury and pre-injury employment history (NSCISC,
University of Alabama 2008).
Braddock et al. (1992) had done a population-based study to determine the
profile of ‘acute care cost’ (for fatal and non-fatal motorcycle crashes) in the
Connecticut region of the US. Demographic data, police accident reports
and hospital discharge data were collected over the years of 1985 to 1987. In
Connecticut, motorcycle crash death rate is highest for cohorts aged 20–29.
These age groups are the main source of manpower for a country and represent
a significant lost of productivity for the nation.
Eventually, it is interesting to note that in Alabama, USA, about 40% of
spinal cord injured patients eventually return to work (National SCI Statistical
Centre, University of Alabama 2008). According to data, eight years postinjury, approximately 39% of paraplegia and 26% of tetraplegia patients are
employed.
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Injury Pattern and Mechanism

The spinal column is one of the most vital parts of the human body, supporting
our trunks and making all of our movements possible. The spinal column is
made up of bones called vertebrae. It is divided into three segments according
to the spine three natural curves, the cervical (neck) curve, the thoracic (middle
back) curve and the lumbar (lower back) curve. The cervical and lumbar
sections curve forward (lordotic), while the thoracic section curves backward
(kyphotic) (Figure 4.1). The cervical spine consists of seven vertebrae numbered
C1 to C7 (with C1 as the top vertebra), followed by 12 thoracic vertebrae (T1
to T12) and five lumbar vertebrae (L1 to L5).The sacrum and the coccyx which
are anatomically a part of the pelvic girdle support the entire column (Schmitt
et al. 2004).
Spinal injuries often occur concomitantly with other injuries and often
affect numerous segments of the spine with only a percentage of spinal
injuries occurring in isolation (Robertson et al. 2002; Ankarath et al. 2002;
Kupferschmid et al. 1989). In general, the transition zones at the cervicothoracic
and the thoracolumbar junctions are particularly prone to fracture with flexion
and axial loading, and therefore, are the most common segments of the spine
to be injured. Nevertheless, in both the United Kingdom and the United States
of America, motorcyclists have been found to be injured, more commonly
in the thoracic spinal area compared to the cervical spinal or lumbar spinal
areas (Robertson et al. 2002; Ankarath et al. 2002; Kupferschmid et al. 1989).
According to Robertson et al. (2002) the injured victims comprise mostly young
male riders in the 21–30 age groups and most deaths occur in riders under 40
years of age. Isolated spinal injuries occur in only about 30% of cases whereas
the rest suffer concomitant injuries. Although the frequencies of neurologic
injuries are low in spinal fractures occurrence, the consequences often result in
permanent disability. The thoracic region usually records the highest occurrence
of neurologic injury. Table 4.1 shows percentage of spinal injuries in the three
spinal segments from the previously mentioned studies.
While thoracic spinal injuries account for much of the neurologic impairment,
cervical spinal injuries are the most fatal. There have been more fatalities
resulting from cervical fractures than from thoracic fractures (Ankarath et
al. 2002). In Thailand, motorcycle accidents were responsible for 80% of the
brachial traumatic plexus injuries recorded (Songcharoen 1995).
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Figure 4.1 Human spine (Source: Adapted from Sobotto 1997 as cited in Schmitt
et al. 2004)

Also, Kasanthikul et al. (2002) state that more than half of the motorcyclists
who sustained injury to the upper cervical spine died. Typically, the lumbar
region experienced the lowest neurologic injuries and poses minimal threat to
lives. Therefore it has been the least studied segment of the spine, compared to
the cervical and thoracic spinal parts.
The mechanism of spinal injury is complex and often involves much
kinematics. However, Daffner et al. (1996) reports that spinal fractures occur
according to predictable patterns with similar radiological changes seen from
specific kinds of injuries. Based on the findings of Daffner et al. (1996) and
the existing corpus of literature, Uwe Heimann and Michael Freund (2006)
have categorised injury mechanisms into four categories namely, flexion injury,
extension injury, rotation injury and shear injury. Each spinal segment’s injury
patterns and its mechanism will be discussed in greater detail subsequently as
there are numerous studies specific to each segment. Related studies on spinal
injuries report that helmet use does not provide protection against cervical
spinal injury nor does it increase the risk (Lin et al. 2004; Liu et al. 2003; O’
Connor et al. 2005; Sauter et al. 2005).
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Table 4.1 Spinal injuries pattern according to body parts

Reference

Total
number
of spinal
injuries

Spinal injuries by body
parts (%)

Complete
neurological
deficit

Robertson et al. (2002)

126

Cervical
Thoracic
Lumbar

22(17.4)
69(54.8)
37(29.4)

4
9
1

Ankarath et al. (2002)

129

Cervical
Thoracic
Lumbar

15(11.6)
87(67.4)
17(13.2)

*2 paraplegia

19

Cervical
Thoracic
Lumbar

4(21.1)
13(68.4)
2(10.5)

8 paraplegia
-

Kupferschmid et al.
(1989)

Note: *specific spinal segment unknown

4.1

Cervical Spinal Injury

Ooi et al. (2005) found that motorcyclists often sustained injuries to the lower
parts of the cervical spine; C4, C5 and the intervertebral joint between C5–C6
were the most frequently injured location. Moreover, he found that when the
cervical spine is divided into the upper cervical (occipital-atlanto joint to C3)
and the lower cervical (C3–C4 to C7–T1), two frequently injured locations
could be observed; C2 for the upper cervical region and C5 for the lower
cervical. Similarly, a study by Robertson et al. (2002) mirrors the findings of
Ooi et al. (2005), in that they found C5–C7 to be the most commonly injured
area for cervical spinal injuries among motorcyclists.
The pattern shows that injuries mostly occurred to the skeletal part of the
spine and it appears that soft tissue injury rarely occurs, but this could be
due to the lack of case studies on such type of motorcycle accidents which are
rather limited. Yet the study conducted by Kasantikul et al. (2003), utilising a
detailed layer-by-layer autopsy found that about one-third of motorcyclists who
died in Thailand had significant soft tissue neck injuries. Their study indicates
that soft tissue injuries to the neck region indeed occur among motorcyclists
with spinal injuries but are often missed. They found that the most common
and usually undiagnosed injuries were hemorrhage in the carotid sheath,
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subluxation in the occipital atlanto-axial complex, hemorrhage in the muscles
and triangles of the anterior neck, or injury along the length of the vertebral
artery. This corresponds to the earlier findings by Hurt et al. (1986). On the
other hand, unlike the pattern found by Ooi et al. (2005) and Robertson et al.
(2002), common skeletal injuries were found to occur more frequently at the
upper cervical spinal area from the atro occipital and C2–C3. Although soft
tissue injuries such as occipital separation are usually found in relation to soft
injuries to the neck, the sole cause of death is rarely attributed to such injuries
but instead, often accompany head injuries as the primary cause of fatal injury
to motorcyclists (Kasantikul et al. 2003).
4.1.1 Injury mechanism
Cervical injury mechanism is intricate and not restricted to single kinematics
upon crash. Thus, by classifying injury mechanism into certain predominant
elements, Ooi et al. (2005) showed that flexion and extension were the most
frequent injury mechanisms, experienced by motorcyclists in road crashes.
The flexion mechanism occurs mostly on frontal impact while the extension
occurred in the majority of rear end impacts. Lateral flexion caused most of
the injuries sustained by riders who experienced side impact or skidding. Even
though there may not be direct contact with the neck, the injury can be serious
as neck injury severity increase as the Injury Severity Score (ISS) increases
(Kasantikul et al. 2003).

4.2

Thoracic Spinal Injury

Robertson et al. (2002) reported that the most frequent thoracic spinal
segment to be injured was T5–T7. This is in agreement with earlier findings by
Kupferschmid et al. (1989), Daffner et al. (1987) and Shrosbree et al. (1979) that
found the area between T3–T8 as the most affected area. When the thoracic
spine was divided into three regions, the most commonly affected area was
found to be the mid thoracic spinal area. Table 4.2 summarises the frequency
of thoracic spinal injury occurrences in the three areas from existing literature.
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Table 4.2 Frequency of injuries for upper and lower thoracic spinal area
Total thoracic
spinal injury
cases

Upper
thoracic
injuries
(T1–T4)

Mid-thoracic
spinal injuries
(T5–T8)

Lower
thoracic
injuries
(T9–T12)

Robertson et al. (2002)

69

15

51

31

Kupferschmid et al.
(1989)

13

9

19

3

Daffner et al. (1987)

14

9

16

2

Reference

Lower thoracic spinal injuries in Robertson et al. (2002) are significantly
higher than for other lower thoracic spinal injury studies because of the higher
number of incidents of T12 injuries. The higher number of incidents of T11–
L2 (thoracolumbar spine) qualify it as the most common part to be injured in
the thoracic spinal area after the mid-thoracic area. This finding suggests the
emergence of the thoracolumbar area as the leading area for injuries in current
motorcycle accidents as this pattern did not appear in past studies.
Furthermore, thoracic spinal injuries are likely to cause severe neurological
deficit. In the study by Kupferschmid et al. (1989), 62% of victims of thoracic
spinal injuries had complete paraplegia while Shrosbree et al. (1979) reported
that 81% of thoracic spinal injuries had complete neurologic deficit. The
common neurological injuries occur mostly at the upper part of the thoracic
spine (T1–T6) (Kupferschmid et al. 1989; Daffner et al. 1987). Correspondingly,
Quinlan et al. (2005) found that 12 out of 15 motorcyclists who were injured
in the upper thoracic spinal area suffered complete neurological deficit. This is
because the thoracic spinal area has the narrowest spinal cord canal compared
to the cervical spine (Denis 1983), making it particularly susceptible to injury
from impingement at this area (Kupferschmid et al. 1989; Maiman et al. 1982).
However, the injury pattern described represented mostly those who had
survived. These, however, represent only the injured victims rather than the
total population of motorcycle crash victims including those who died on
the spot. Moreover, so far, no data is available to elucidate the percentage of
patients involved in thoracic spinal injury that included both who survived and
those who died.
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Figure 4.2 A depiction of a catapulting injury to a motorcyclist. The arrow in
the inset depicts the force vector directed caudal along the axial
skeleton. It highlights the area between T3 and T9 (refer to Figure
4.1) where multiple anterior compression fractures occurs and the
resulting strain pattern placed along the posterior elements (Source:
Kupferschmid et al. 1989).

Figure 4.3 Mechanism of injury to high thoracic region in motorcyclist. Ejection
over handlebars with resultant impact with a solid object produces
the injury (Source: Daffner et al. 1987).
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Injury mechanism

Thoracic spinal injuries occur mostly in flexion and axial loading incidents
because very little rotatory motion occurs in the upper thoracic spinal area as
it strengthened by the rib cage (Bohlman 1985). The injury mechanism often
involves the victims being catapulted over the handlebars, after the motorcycle
hits an object, striking the kyphotic curve of the thoracic spine as illustrated in
Figure 4.2 and Figure 4.3 (Kupferschmid et al. 1989; Daffner et al. 1987).
Generally, thoracolumbar spinal injuries are usually caused by compression
injuries (Denis 1983). However, the thoracolumbar injuries in motorcyclists
may be attributed to another type of mechanism as shown by Heinemann and
Freund (2006). According to Heinemann and Freund (2006), rotation injuries
occur primarily at the throracolumbar junction as torsion rigidity is greatest at
the T12–L1 segment. They show that a typical mechanism can be represented
by a heavy blow to the shoulders which compresses the spine while the lower
trunk is bent sideways and is twisted laterally. This mechanism is almost similar
to the injury mechanism to the thoracic area described earlier—that which is
caused by a person thrown off a motorcycle and crashing against a fixed or
solid object.

4.3

Lumbar Spinal Injury

Lumbar spinal injury often will not lead to death, but it will make patients
lose their working ability and affect the quality of their life. The most common
segment of the lumbar spine affected in motorcycle crashes is L1–L2. This
segment is often grouped together with the T11–T12 segment of the thoracic
spine to form the thoracolumbar spine. Previous studies have repeatedly shown
the thoracolumbar spine as one of most common segments of the spinal vertebra
to be injured especially in those crashes involving high velocity injury (Stanislas
et al. 1998). Although many studies have been done on thoracolumbar and
lumbar injuries, so far there has been no specific research done to determine the
lumbar spinal injury pattern and the exact mechanism leading to its occurrence
in motorcycle crashes.
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Injury mechanism

There has been much research done about lumbar spinal injuries like drop
experiments and computer simulations. Hsieh et al. (2007) studied the lumbar
injury patterns of motorcyclists in four types of collision impacts using real
impact force of traffic accidents to simulate the traffic crash. The study found
that a different impact configuration yielded a different vertebral body fracture.
For example in lateral impact, the spinal column undergoes compressive and
postero-lateral bending, causing spinal encroachment at L1. Thus, spinal cord
injury is likely in a crash involving lateral impact. Table 4.3 shows the findings
by Hsieh et al. (2007).
Table 4.3 Impact simulation resulting in different vertebral body fracture (Hsieh
et al. 2007)
Burst fracture

Rear

Front

Lateral

Side

Vertebral body

X

L1, L3

L1

L4

Rear

Front

Lateral

Side

X

L2, L4

L4

L1–L3, L5

Rear

Front

Lateral

Side

X

L5

L5

L4

Anterior wedge fracture
Vertebral body
Pedicle base fracture
Vertebral body

The study by Hsieh et al. (2007) provides good insight in demonstrating the
mechanism of lumbar spinal injury patterns of motorcyclists but there have
been no ‘real world’ case studies done on the lumbar spinal injury patterns of
motorcyclists which can be compared or matched up. Therefore, it is crucial
that lumbar spinal injuries from real world cases be studied in order to present
more consistent injury patterns and a reliable injury mechanism.
Overall, from the review of studies above, it can be seen that the most critical
segment of the spine is the cervical spine as cervical injuries account for
much of the fatalities resulting from spinal injuries caused by motorcycle
crashes.Furthermore, Asian countries such as Malaysia, Thailand and Taiwan
recorded the highest frequency of cervical spinal injuries although studies
elsewhere indicated thoracic spinal injuries as more prevalent (Ooi et al. 2005;
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Kasantikul et al. 2002; Robertson et al. 2002; Ankarath et al. 2002; Pang et al.
1999; Songcharoen 1995; Kupferschmid et al. 1989).
The different pattern elsewhere can be attributed to the different methods
used in conducting the study. For example, Robertson et al. (2002) excluded
brachial plexus injuries as part of the cervical injuries in his study. Furthermore,
the difference also suggests that there is disparity of spine injuries among
motorcyclists between the country which normally uses motorcycles as leisure
sports like United Kingdom and the country which extensively uses motorcycles
as mode of transport like Malaysia. The size of most motorcycles in Malaysia
and similar developing countries is smaller and more vulnerable as they swerve
in and out of the traffic stream. Moreover, most of them do not wear protective
clothing.
Although, the mortality associated with thoracic spinal injuries is reduced, the
consequence is always devastating because most studies show a high percentage
of neurological injuries occurring at the thoracic segment. Unfortunately
as authorities are more concern about injuries that usually caused fatal
complications, this significant area has received less attention. Hitherto, only
few studies about the thoracic spinal injuries in motorcycle crashes exist. With
most of the Malaysian’s motorcyclists population are of a younger age group,
the future certainly looks bleak to them when they are suffered from thoracic
spinal injuries with neurological deficit if nothing has been improved.
It is important to understand how motorcyclists sustain the injuries and the
causes of injury prior to developing a new device or strategies to prevent its
occurrence. Although there is a classification of injury mechanisms, these
mechanisms described are mostly limited to only specific segments of the
spine such as the cervical spine by Ooi et al. (2005) and the thoracic spine by
Kupferschmid et al. (1989) and Daffner et al. (1987). Also, these studies only
provide a theoretical mechanism with no physical test or computer simulation
except in the case of lumbar spinal injury mechanism which was simulated by
Hsieh et al. (2007).
Realizing the critical need and the gap that exists in the current body of
knowledge, it is crucial that an in-depth investigation on the subject begin. A
study on injury outcome and its closely associated mechanisms are necessary
to understand the relationship between their kinematics prior to the vehicle
crash and injury outcome. A better understanding of these injuries and its
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mechanism will provide an immense assistance in improving proper diagnosis,
treatment, and prevention.

5.0

Modelling

An experimental test on biomechanic of spine mainly revolved around the use
of computational model, human cadaver and animal test and dummy. The primary goal is to obtain the most accurate biomechanical and human tolerance
response during the crash. This section will highlight some of ground breaking
work on the field of spinal biomechanic, namely injury criteria of spine and
computational model human as well as current motorcycle crash dummy. The
section will also highlight on the prediction model of spinal injury, an attempt
to investigate the correlation between pre-crash factor and spinal injury outcome.

5.1

Injury Criteria

5.1.1

Cervical injury criteria

In 1996, Bostrom et al. have proposed neck injury criteria for spine. Largely
attributed to the application of Navier Stokes Equation, Bostrom hypothesized
that a sudden change in fluid flow inside the fluid compartment of cervical
spine can cause injury to spinal cord. Bostrom et al. (1996) had proposed the
Neck Injury Criteria (NIC) equation as follows:

NIC = arel x 0.2 + V2rel
The equation will consider the motion of top and bottom of spine, specifically
the relative acceleration of T1 and C1 during flexion and extension of spine.
Nevertheless there are important issues to be highlighted pertaining to the
threshold of human tolerance of 15 m2/s2. Consequently, studies have shown
that spinal injury do occur below 15 ms2/s2 (Wheeler et al. 1998), therefore
NIC is not applicable for low speed collision. Furthermore, the relationship
between NIC and soft tissue injury was not clearly understood. Hence, an
attempt to propose a new injury criteria related to soft tissue injury has been

26

Spinal Injuries Among Motorcyclists in Road Traffic Collissions: Literature Review

MRev 01/2009

conducted by Panjabi et al. (2005) whom hypothesized that intervertebral
motion beyond physiology motion can lead to injury to soft tissue, namely
ligamentous tissue and facet joints. Therefore, Panjabi et al. (2005) proposed
intervertebral Neck Injury Criterion (IV-NIC) which is given below:

IV–NICi (t) = � dynamic, i(t) ,
� physiological,i
where t represents time.

However, IV-NIC has also some limitations. Firstly the result was a derivative
of a single human cadaver test. Secondly, since all spinal vertebra dummies
are connected with pin joint, a conclusive result on how intervertebra motion
cannot be simulated in Athromorphic Test Dummy. Finally, IV-NIC only
addresses soft tissue injury and not neural injury.
5.1.2

Thoracic injury tolerance

Most thoracic injuries are caused by direct impact to the thoracic spine rather
than by indirect impact. Because of the more stable biomechanical structure of
this part of the vertebral column, injury tolerance for thoracic spinal injury is
higher compared to the cervical spine. Cameron et al. (2008) have investigated
thoracic and lumbar spinal impact on four cadaveric porcine specimens as a
model for direct spinal impact injury to human beings. The injuries range from
mild spinous process to endplate fracture. The average peak forces for thoracic
failures are 4720 ±1340 N. From here, the estimated force for a 50% risk of
injury on the human scale is approximately 10,200 ±3900N (Cameron et al.
2008).
5.1.3

Lumbar injury tolerance

To date, there is no injury criteria designed to validate lumbar injuries. Most
of the work is focused on stress analysis using finite element programmes. In
1986, Shirazi et al. (1986) developed a non linear finite element programme to
analyse lumbar motion for L3–4 in a strictly sagital plane. The finite model was
further developed for the entire lumbar L1–S1 in single flexion, extension and
rotation motion (Shirazi 1994). The major finding of this model is its discovery
that large tensile strains occur at disc fibres during flexion and lateral moment.
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This suggests the vulnerability of the disc fibre to fail under large flexion forces
and lateral moments. However, the study did not propose setting up a value for
the injury threshold.

5.2

Computational Model of Spine

Choi et al. (2007) had created a human body-model using 3D laser scanner in
driving posture position. Then he used ultrasonic scanning in order to gauge
the skeletal location.
Figure 5.1 shows the human model done by Choi. It can be seen that the
skeletal model seems to mimic the real human skeleton. However, this profile
is assumed to simulate comfortable driving posture in a motorcar. It is not
known whether this model can be used in a simulated motorcycle crash.
Meanwhile Chawla et al. (2003) had simulated a frontal motorcycle–car crash
using PAM–CRASH software in finite element modelling. The study consisted
of three crash configurations: (a) frontal oblique, (b) frontal side and (c) frontal
glance as in Figure 5.2.

Figure 5.1 Skin with skeleton for 50th percentile male model (Choi et al. 2007)

The dummy in Figure 5.3 is a Hybrid III 50% adult male dummy developed
by ESI. However, this study is only just concerned with the behaviour of
motorcycle–car crashes while the injury indices are not identified. The study by
Chawla et al. (2003) is generalised with respect to motorcycle–car crashes and is
not strictly focused on spinal injury occurrence which is our focus.
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Figure 5.2 Crash configurations (Chawla et al. 2003)

Figure 5.3 Motorcycle with dummy and car model used in the study by Chawla et al. (2003)

Of more relevant interest is the recent study by Palomar et al. (2008) which
focused on the cervical spine of the model and was simulated under quasistatic loading to evaluate the mechanism of disc injury during traffic collisions.
Discs serve as strong, flexible interfaces between vertebral bodies; however,
discs are at risk of injury during certain movements. The model cervical spinal
segments, C0–C7, were developed using CT scan data and consisted of vertebra
and intravertebra discs with annulus and nucleus. Only the exterior surfaces
of the bones were meshed as the bones are much stiffer than the soft tissues.
This model could be used to analyse and understand the internal stresses and
strains within the inter-vertebral discs. This study was only carried out using
static analysis and furthermore was used only in car collision evaluation. A
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study relating to motorcycle crashes using a lumbar model was done by Hsieh
et al. (2007). He simulated four types of motorcycle collisions and found that
lateral impact could possibly cause injury to the spinal cord in the lumbar area.
He also reported that different impact angles would result in different types of
lumbar spinal injury. The study, unfortunately, did not take into consideration
possible injuries to the whole spinal column during a motorcycle crash, but
specifically only to the lumbar area of the spinal column.
There are several studies related to spinal injury using finite element models
but only a few focuses on spinal injury relating to motorcycle crashes. Some
studies focused only on car crashes while the rest concentrated on osteoporosis
problems. From our review of the literature, information on whole spine model
simulation involving motorcycle crashes is still lacking. Thus it is important
to construct the whole spinal column and study it in simulations to evaluate
spinal injuries associated with motorcycle crashes.

5.3

Motorcycle Crash Dummy

In ISO 13232: Motorcycle – The test and analysis procedures for research
evaluation of rider crash protective devices fitted to motorcycles is the major
reference in motorcycle crash analysis. It provides the guidelines and procedures
to run crash simulation using a crash dummy. According to ISO 13232, the
standard motorcyclist dummy is the Hybrid III 50th percentile male dummy.
In ISO 13232–3:1996(E), it is suggested that the motorcycle dummy (must)
be able to occupy or accommodate both the standard Hybrid III and the
replacement thoracic spine. The replacement thoracic spine must be compatible
with the standard internal data acquisition system. There are a few criteria that
must be complied (with) by the replacement thoracic spine:
-
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maintain the standard Hybrid III spinal interface geometry and height;
not interfere with the motion of the shoulder;
not exceed 125 mm in lateral width;
provide at least 75 mm of sternum deflection; and
maintain upper torso mass and centre of gravity.
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Moreover, the lumbar spine could also be replaced as long as these two
components meet or follow the dimensions in ISO 13232–3. The components
are:
-

lower lumbar spinal transducer mount and ballast; and
abdomen reaction plate.

In ISO 13232–5:1996(E), the current motorcycle dummy is able to capture
injuries associated with motorcycle crashes for the four body parts. They are
the head, abdomen, thorax and lower extremities. The existing motorcycle
dummy is geared to assess the effectiveness of helmet use. Neck injuries in
these trial experiments are assessed by the calculation of force and movements
of the neck during collision. Helmet velocity and trajectory displacement can
also be determined. Furthermore, the dummy can be used to calculate head
injury criterion (HIC), head maximum gambit and head acceleration in order
to assess possible head injuries. It can also calculate sternum compression
and abdomen residual penetration. Moreover, lower limb injuries can be
assessed based on observations and measurements of bone fractures and knee
dislocations. However, the dummy lacks spinal components, which are crucial
in evaluating spinal injuries due to motorcycle crashes.

5.4

Prediction Model

There have been many studies that have developed prediction models for
injury from motorcycle crashes, but to the best of our knowledge, prediction
models specifically for spinal injuries have been very limited. One such model
was introduced by Ooi et al. (2002) to predict the probability of sustaining
severe cervical injury in a road crash. In this model, the significant factor that
contributes to the severity of injury is the crash mode, namely frontal collision,
rear collision and side collision. Surprisingly, head injury was found not to
significantly contribute to cervical injury severity. However, since the study was
not conducted experimentally, the conclusions may not be accurate due to the
absence of impact energy in the model which clearly contributes to the severity
of cervical injury. Results from this model indicate that frontal impact causes
less severe injury (about 30%) compared to other crash modes.
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The purpose of a prediction model is to enable one to virtually predict the
severity of injuries based on certain variables without knowing the injury
type. This is especially true of spinal injuries which are not usually apparent.
Thus, the predictions of the model may be applied by paramedics at the scene
to quickly come to a decision as to what kind of treatment or initial care to
provide for the victims. Therefore, it is essential to carry out more studies to
come up with a better prediction model which is inclusive of the whole spine
in order to come up with an approach that offers a more comprehensive spinal
treatment for the injured motorcyclist.

6.0

Conclusion

Trauma Aspect
Based on the present literature review, spinal injuries among motorcyclists
are indeed prevalent and frequently cause devastating effects especially those
involving spinal cord injuries. The most critical part of spine is the cervical
due to the high mortality associated with cervical spine. The thoracic spine
is also critically important because injury to the thoracic spine often causes
neurological deficit impairment and occurs in high frequency. However,
most authors report a low spinal injury incidence rate with significant cases
of missed injuries. This may reflect the need to have more rigorous patient
assessment in motorcycle crash due to higher corelation between incidence
of spinal injuries and multiple injuries which is common in motorcycle crash.
Subsequently, with a better understanding of these injuries and its mechanism
a proper diagnosis, treatment, and prevention will be enhanced.
Biomechanics of Spinal Injury in Motorcycles
Injury criteria for spinal injury tolerance have been extensively explored for
car safety evaluation. However, to the best of authors’ knowledge there are no
injury criteria for spine injury related to motorcycle crash. To date, only one
study attempts to provide a prediction model to address specific spinal injuries
in term of its severity and crash outcomes among motorcyclists. Fundamental
and experimental research on spine injuries exits mainly to address spinal
injuries related to car crash such as whiplash injury. It is recommended that
studies on motorcycle crashes involving spinal injury should be included not
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just on prevalence but also fundamental research on experimental test to further
improve the understanding of the mechanism of injury. This understanding is
vital prior to developing a new device or strategies to prevent its occurrence.
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