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Abstract
Spinal injury is one of the most devastating traumas that can be sustained in a motor
vehicle crash. The aims of this study were to determine spinal injury patterns and
severity among motorcyclists and finally to identify crash factors commonly associated
with serious spinal injury resulting from motorcycle accidents. This retrospective study
collected all data on motorcyclists who sustained spinal injuries during road crashes and
were subsequently treated at Kuala Lumpur Hospital, Malaysia, over a five-year period
from 2005 to 2009. Each patient was analysed by reviewing his or her medical records
for radiographic imaging and computed tomography scans. The Abbreviated Injury Scale
(AIS) severity was used to assess the severity of spinal injury. Phone interviews with the
patients involved were made to clarify and identify the pre-crash incident in order to
identify the crash factors. A total of 151 patients was used for this study with males
accounting for 87%. The cervical region is the commonly injured region. However the
first lumbar (L1) shows the highest percentage of injury followed by the adjacent
thoracic vertebra (T12). Fracture to the vertebral body without dislocation (Type C) was
found to be the most common spinal injury pattern. Injury severity and outcome for a
majority of patients (65%) were measured at Maximum Abbreviated Injury Scale 2.
Univariate analysis of crash factors associated with spinal injury severity revealed that
motorcyclists who made contact directly with a structure or object during collision were
2.86-fold more likely to sustain serious spinal injury. Collision involving direct contact
with a structure or object was marginally associated with the severity of injury to the
thoracic and/or lumbar spine. This study demonstrates that differences in injury pattern
result from differing mechanisms of injury in road accidents. A full understanding of the
mode of injury, including the mechanical forces involved, is essential in predicting the
likelihood and severity of specific anatomical patterns of spinal trauma.
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1.0 Introduction
The number of people affected by spinal cord or spinal injury is increasing, especially
among adults. Annually in the United States approximately 11,000 cases of spinal cord
injury (SCI) occur as reported by Simon (2008). This is not a small figure to be neglected.
Spinal injury may result from various reasons with variable outcomes and with different
treatment options. Most spinal injury patients have a possibility or tendency to sustain
spinal cord injury according to associated factors that cause the injury. In a study in
India, 107 cases out of 207 cases of traumatic spinal injury (TSI) had sustained SCI
(Agarwal et al. 2007). This situation is becoming alarming to the orthopaedic
community, and has increased the importance of trauma registers as an aid to manage
patient outcomes and treatment option assessments in clinical trials (Simon et al. 2008).
Furthermore, spine injuries are some of the most devastating injuries, owing to their
high risk of morbidity and mortality. For example, patients sustaining spinal cord injury
will suffer long-term physical and psychological consequences with an increasing degree
of functional limitations. Not only will the patient suffer, their families also feel the
burden of healthcare delivery and costly treatment. The cost of spinal injuries is
expensive due to its potential for long-term impairment which can cost upwards of five
to ten million Euro per year (Morris et al. 1996). The estimated cost of treating a 25year-old patient with a spinal cord injury can reach US$2.8 million (Simon et al. 2008).
Nevertheless, morbidity and mortality of spine injury among children is relatively rare
compared to adults (Cirak et al. 2004). This is supported by an Irish study that shows
that spine injuries are highest in patients aged 20 and above (Simon et al. 2008).
Motor vehicle accidents (MVA) are one of the causes of spine injury. In Canada, falls
were highlighted as the leading cause of spinal injury among adults before MVA where
24.5% cases recorded had SCI (Couris et al. 2010). Leucht (2009) stated that traffic
accidents were the second most common cause of spinal injury, after high-energy falls.
A study carried out in Ireland (Simon et al. 2008) showed 34.04% of traumatic spine
injury (TSI) happened due to MVA while Australia recorded 52% of cases for spinal cord
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injury (SCI) due to traffic-related accidents (Cripps 2008). In the US, SCI stood at
approximately 48%. In most of the MVA cases, the spinal injury occurred more
frequently to passenger car occupants (Cripps 2008), while in North America, Couris
(2010) mentioned that young men more commonly sustain SCI due to MVA. However,
different countries may generate different situations—especially for developing
countries such as Malaysia—because more than half of the registered vehicles using
roads comprise motorcycles.
Motorcycle accidents were highest in Malaysia with motorcyclist fatalities always above
55% of the overall motor vehicle fatalities, over a 10-year period. In 2009 motorcyclist
fatalities alone were 60% of the overall motor vehicle fatalities, followed by car
occupants (21%) and pedestrians (9%) in Malaysia (Sharifah et al. 2010). Concerning
motorcycle accidents and motorcyclist fatality trends in Malaysia, this spurred the
authors to focus on the group that was at the greatest risk of injury. Furthermore, there
is a dearth of reliable statistics on spinal region injury in Malaysia.
Demographic aspects such as age, gender, race and position (rider, pillion) usually
correlated with this etiology. This is because spinal injury patients have been reported
to have changes in demographic trend in recent times (Agarwal et al. 2007). In this
study, the demographic elements among Malaysian motorcyclists will be revealed.
Besides, detailed information regarding the injury and related risk factors also will be
highlighted. Apart from spinal injury itself, injury to other body regions associated with
spine injury, known as polytrauma, will also be explained here. The severity level of each
spinal injury and polytrauma is measured using Maximum AIS (MAIS).
Most spine injury studies will come out with classification of injury according to type of
spine fracture. The same approach was used in this study to define spine injuries.
Nevertheless, mechanics of how vertebral fractures happen is an additional point in this
study. Every fracture comes with motions and mechanisms that determine the
movement of the vertebral body that results in the fracture. In order to classify each
spine fracture accordingly, morphology criteria provided with injury description are
used.
This study investigates patterns of spine injuries in MVA cases specifically among
motorcyclists in urban areas (Kuala Lumpur) in Malaysia. Retrospective data was
2
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collected from the orthopaedic department from 2005–2009, from live patients only.
Assessment of the collected data allows identification of the spinal injuries and the
associated injury profiles among motorcyclists. The information may be useful as
reference in injury prevention, public education and awareness.
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2.0 Methodology
2.1

Data Source

An analysis has been made of all cases of spine trauma presenting to the orthopaedic
department of the Kuala Lumpur Hospital. Cases involving spine injury resulting from
motor vehicle accident (MVA) from year 2005 till 2009 were gathered and analysed to
identify motorcycle crashes. All cases of MVA involving spine trauma warranting
inpatient treatment were gathered. Cases were further restricted to include only rider
or pillions involved in motorcycle crashes. Data from crashes that took place more than
five years ago were excluded from analysis. Medical data was obtained by phone
interviews with riders/pillions, medical note review and evaluation of diagnostic images
including radiographs, computed tomography (CT) images and magnetic resonance
imaging (MRI) scans. The data gives a full representation of the casualty injury
information but is limited in respect of detailed damage and crash characteristics.
All hospital data was then merged with available police data from MROADS by matching
the unique identification number. Only 17 data linkages between Police crash reports
and hospital data could be carried out. There was no direct means to control for crash
impact severity. Thus, only crash factors such as impact mode, type of crash and
object/vehicle struck were considered in the analysis.
The notes and radiographs of each patient were reviewed independently by two
researchers. Data for each patient was entered into a Microsoft Excel (Microsoft
Corporation) database. Details that were recorded included description of the injury and
its mechanism, radiographic findings, length of stay, concurrent non-spinal injuries,
follow-up and outcome. The data was subsequently analysed through categorisation of
injury type and mechanism. Injury patterns were correlated with outcomes to
determine significant trends in the data.

4
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2.2

Injury Coding

The spinal column was divided into four different regions according to anatomic and
physiologic differences in each level to facilitate analysis. The regions included cervical
vertebrae (C1–C7), thoracic (T1–T12), lumbar (L1–L5), and sacral (sacrum and coccyx).
Spine injuries caused by violent forces and polytrauma commonly lead to
multisegmental injuries (Powell et al. 1989). Thus, for injuries that occurred at the
intersection of each spinal region, the researcher had grouped them as thoracolumbar
region (TL), lumbosacral region (LS) and thoraco-lumbar-sacral (TLS).
Injury to the body region and severity coding used in this study are based on
Abbreviated Injury Scale (AIS), updated version 2008. The AIS is an anatomical injury
scoring system ranging from minor (AIS 1), moderate (AIS 2), serious (AIS 3), severe (AIS
4), critical (AIS 5) to maximum (AIS 6) severity. It was originally developed to measure
injury severity for blunt force trauma received during motor vehicle crashes. AIS codes
were assigned using medical records and diagnostic tests (e.g., radiographs, CT scans,
MRI). Maximum abbreviated injury scale (MAIS) was then assigned to determine the
level of injury severity. The MAIS is the greatest AIS injury sustained by the occupant.
Occupants may have multiple injuries of varying severity and may have more than one
injury with their greatest MAIS. Cases with injury with MAIS less than three are
categorised as mild and MAIS 3 and above are considered severe. The Injury Severity
Score (ISS) was used to provide an assessment of overall body damage. The ISS is the
sum of the squares of the highest AIS codes in each of the three most severely injured
AIS body regions.

2.3

Crash and Vehicle Variables

Crash variables consist of crash type and impact mode. Crash type is categorised by
single or multiple vehicles involved in the crash. Meanwhile, impact mode consists of
four components: front, rear, side and skidded. Impact mode is classified based on part
of other vehicle or object being struck by the motorcycle. If the motorcyclist did not
strike any object or vehicle, the impact mode falls under “skidded” category.

5
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2.4

Statistical Analysis

Statistical analysis was performed using SPSS software (SPSS Inc.). Comparisons
between groups were tested using analysis of variance (ANOVA) for continuous
outcome variables, with Chi-square tests for categorical outcome variables and with
Kruskal-Wallis tests/Mann Witney test for differences between group medians. P values
for inclusion to and exclusion from the models were set at 0.05, and the likelihood-ratio
test was used to test for significance.
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3.0 Results
3.1

Demographic

The patients’ ages ranged from 10 to 75 years, with a mean age of 33±14 years. These
patients comprised of 132 (87.4%) males and 19 (12.6%) females. Overall, the most
common age group at which spine injury occurred was at 21–30 years of age. Although
the males’ age group followed the overall age trend, for females the most common age
group was at 10–20 years of age (Figure 1). Spinal injury occurred in 129 (85.4%) riders,
and 22 (14.6%) pillion passengers. The majority of the race was Malay (66.9%). Table 1
shows the overall demographics of motorcyclists with spinal injury.

Figure 1 Age and gender distribution
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Table 1 Demographics distribution among motorcyclists with spinal injury

Variable
Gender
Male
Female
Position
Rider
Pillion
Age group
10–20
21–30
31–40
41–50
>50
Race
Malay
Chinese
Indian
Other

3.2

Frequency
132
19
129
22
27
57
22
19
26
101
17
30
3

Percentage
87.4
12.6
85.4
14.6
17.9
37.7
14.6
12.6
17.2
66.9
11.3
19.9
2.0

Distribution of Injury

A total of 204 injury types were included for injury distribution analysis. Distribution of
injuries was then sub-sectioned as a function of spine regions namely, cervical, thoracic,
lumbar and sacral. Overall, there was a total of 65 injury types identified in cervical
region (32%), 58 for thoracic (28%), 78 for lumbar (38%) and four injury types for sacral
region (2%).
Table 2 shows the distribution of all spine injury types according to spine regions. Body
fracture accounted for 27.7% of the total number of injuries in the cervical region,
followed by dislocation and subluxation (18.5%), and transverse-spineous-pedicle
process fracture (16.9%).There was also high incidence of injuries to the soft tissue in
this region (15.4%). Compression fractures accounted for the highest percentage of total
number of injuries in the thoracic region (36.2%). Body fractures and burst fractures
each accounted for 19.0% and 15.5% respectively of all injuries to the thoracic region.
Compression fractures also made up the highest total number of injuries to the lumbar
8
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region (40%). In contrast to cervical and thoracic regions, the lumbar region exhibited a
substantial percentage of prolapsed-spondylothesis-spondylolysis (13%).
Table 2 Distribution of Injuries according to region

Injuries
Cervical
Odontoid fracture
Transverse process/spineous
process/pedicle
Compression fracture
Burst fracture
Dislocation/subluxation
Body fracture
Soft tissue Injuries
Prolapsed/spondylolithesis/spondylolysis

No injuries

Thoracic
Transverse process/spineous
process/pedicle
Compression fracture
Burst fracture
Dislocation/subluxation
Body fracture
Soft tissue Injuries
Prolapsed/spondylolithesis/spondylolysis
Lumbar
Transverse process/spineous
process/pedicle
Compression fracture
Burst fracture
Dislocation/subluxation
Body fracture
Soft tissue injuries
Prolapsed/spondylolithesis/spondylolysis
Sacral
Body fracture
Prolapsed/spondylolithesis/spondylolysis
9

Percentage

2
11

3.1
16.9

2
4
12
18
10
6

3.1
6.2
18.5
27.7
15.4
9.2

5

8.6

21
9
9
11
2
1

36.2
15.5
15.5
19.0
3.4
1.7

11

14.3

31
10
5
8
2
10

40.3
13.0
6.5
10.4
2.6
13.0

2
2

50.0
50.0
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Figure 2 shows distribution of injuries according to spine vertebra level. Cervical
vertebra section (C1–C7) accounted for 34% of total injured spine section,
followed by 32% from lumbar (L1–L5), 31% from thoracic (T1–T12) and 2% from
sacral (S) section. The most frequently injured section of spine vertebra was at
the thoracolumbar junction namely, first lumbar vertebra, L1 (12%) and last
thoracic vertebra, T12 (9%). The section of cervical region that sustained the
highest number of injuries was the C5–C6 section.

Figure 2 Distribution of spine injuries according to vertebra level

3.3

Classification of Injury

3.3.1 Fracture Type
The classification of injury was developed based on the pathomorphological
characteristics of spine injuries according to radiological criteria. According to
Magerl et al. (1994), there are three types of spine injury which follow three
simple mechanisms: (1) compression which causes burst and wedge fracture, (2)
shear which causes disruption of posterior spine, and (3) axial torque which
causes rotational injuries, as shown in Table 3. Table 3 was used as a main
reference to classify all spine fractures in the study. The classification was made
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using the complete information provided by radiographs, CT scans, MRI and
medical reports supplied during the data collection.
Table 3 Fracture type description (Magerl 1994)

Type A

Type B

Type C

Type A. Vertebral body
compression

Type B. Anterior and
posterior element injury
with distraction

Type C. Anterior and
posterior element injury
with rotation

A1.Impaction fracture
A2. Split fractures
A3. Burst fractures

B1. Posterior disruption
mostly ligamentous
B2. Posterior disruption
mostly osseous
B3. Anterior disruption
through the disc

C1. Type A injury with
rotation
C2. Type B injury with
rotation
C3. Rotational shear
injuries

11
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Figures 3 to 5 are a few examples of the type of spine fractures found in the study. Each
figure represents the respective fracture.

Type A

Figure 3 Type A – Burst fracture and anterior body crack fracture (case no. 201)

Type C

Type B

Figure 4 Type B – Fracture involving dislocation of
thoracic spine (case no. 88)

12

Figure 5 Type C – Type A body fracture
with rotation (case no. 212)

An Assessment of The Spectrum of Spinal Injury Resulting from Motorcycle Crash

13 patients with a fracture of the 1st or 2nd cervical vertebra were not included in the
previously mentioned classification because those fractures were separately grouped
due to the unique anatomical shape of these two vertebrae (Leutch 2009). Similarly, soft
tissue injuries were also excluded in the classification as the classification only
considered fracture injuries to the vertebrae.

Number of Patients

The type of fracture of each section of the vertebra: Cervical (C), Thoracic (T), Lumbar
(L), and multisegmental region of vertebra, i.e., Cervicothoracic (CT), Thoracolumbar
(TL), Lumbosacral (LS) and Thoraco-lumbo-sacral (TLS) were identified using the
developed classification of spine injuries. From Figure 6, it was deduced that Type A
injury was the most common injury suffered by motorcycle crash victims. The Lumbar
region recorded the highest number of Type A injury occurrence followed by thoracic
and cervical. However, for Type B, cervical recorded the most. This is perhaps due to the
fact that the cervical area is unstable and thus easily dislocated. Furthermore, the
thoracolumbar region recorded the highest frequency of multisegmental injuries. Only
one case involved three segments of spine which are between the junctions of
thoracolumbar and lumbosacral.

Figure 6 Fracture type in each spinal region

13

An Assessment of The Spectrum of Spinal Injury Resulting from Motorcycle Crash

3.3.2 Mechanism of Injury
Medical note, X-rays, CT and MRI scans were used to investigate the injury
classifications in this study. Injury classifications were divided into fracture type, injury
mechanism and fracture mechanism. Throughout the data evaluation, a total of 10
types of injury mechanisms were identified. Flexion was determined to be the highest
mechanism among spinal injury patients, with 62 (54.4%) patients followed by extension
with 28 (24.6%) patients as depicted in Figure 7. It indicated that most of the spinal
injury patients among motorcyclists sustained flexion and extension mechanism. This
finding is consistent with a study carried out by Ooi et al. (2005) which mentioned that
flexion and extension mechanisms were the most frequent mechanisms experienced by
motorcyclists in Malaysia. However that study focused on cervical injury only.

Patients
Figure 7 Percentage of spinal injury mechanisms sustained by motorcyclists

Despite the single mechanism, the existence of multiple mechanisms was also identified
as causing spine injuries although the frequency was not high. Multiple mechanisms are
a combination of two of more mechanisms such as flexion-extension. Flexion-extension
mechanism had the highest frequency among the identified multiple mechanisms with
four (3.5%) patients.
14
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Distribution of injury mechanisms according to spine region is presented in Table 4.
Flexion and extension mechanisms were the most frequent injury mechanisms detected
in the lumbar region with 22 and 11 patients respectively. From the injury mechanisms
distribution in Table 4, it should be noted that an injury mechanism can produce spine
injury in multiple regions. The study of mechanism injury is a study of movement of
vertebrae body during MVA.
Table 4 Classification of injury mechanism by spine region among patients

Motion/Spine
region

C

T

L

CT

TL

LS

TLS

Total

Axial

1

4

5

0

1

0

0

11

Axial-extension

0

0

1

0

0

0

0

1

Axial-flexion

0

0

0

0

1

0

0

1

Axial-rotation

0

0

0

0

1

0

0

1

Extension

11

2

11

2

1

1

0

28

Flexion

15

16

22

1

5

1

1

62

Flexion-axial

0

1

2

0

0

0

0

3

Flexion-extension

2

1

1

0

0

0

0

4

Flexion-rotation

0

0

0

1

1

0

0

2

Rotation

0

0

0

0

1

0

0

1

Total

29

24

42

4

11

2

1

113
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3.3.3 Mechanism of Fracture

Number of Patients

Fracture mechanism specifically studies spine fractures in order to understand how the
fracture happened. Assessment of this classification used data of spine fractures only.
As mentioned earlier, fractures of C1 and C2 were excluded throughout this assessment.
Among the available data of 151 spine injury patients, 113 were identified as sustaining
spine fracture. Based on the data of the 112, four types of fracture mechanism
(compression, distraction, rotation and shear) were identified as having caused the
fracture. From the result, the majority of the spine fractures were caused by
compression mechanism with 98 (86.7%) patients recorded.

Figure 8 Classification of fracture mechanism by spine region among patients

Figure 8 represents the distribution of fracture mechanism among specific spine region.
From the figure, the lumbar region recorded the highest number of spine fracture cases.
Compression mechanism was the most frequent mechanism that caused lumbar
fractures, with 39 patients. The result shows that compression mechanism occurred in
every spine region fracture. Differing from injury mechanism, only single fracture
16
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mechanism was identified as causing the fracture. No multiple mechanisms were
detected as causing fractures in spine injury.

3.4

Injury Severity

Percentage of Patients

Spine injury severity was measured using Maximum Abbreviated Injury Scale (MAIS)
where Figure 9 shows the frequency of MAIS score among spine injury. MAIS was
deduced from AIS coding across spine region where the maximum AIS was categorised
as MAIS score. MAIS 2 with 64.9% was the highest score recorded among motorcyclists
suffered spine injury. However the proportion of MAIS 5 was also quite alarming since
MAIS 5 is the second highest after MAIS 2. It is quite high, with 13.2% of the total spine
patients having serious injury outcome (MAIS 5).

Figure 9 Percentage of spinal injury patients according to MAIS

Table 5 presents injury severity based on MAIS score among spinal injury patients
according to classification of injury (fracture type, injury mechanism and fracture
17
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mechanism). Based on fracture type, severe injury outcome with high MAIS (MAIS 3+
above) is among Type C fractures, where the frequency of occurrence of high MAIS was
recorded as 83.3%. There is also a significant association between MAIS and fracture
type. There is a higher proportion of Type C fractures with high MAIS, compared to
other fracture types.
Flexion was recorded as the highest injury mechanism among motorcyclists who were
spine injury patients. However, most flexion mechanisms identified did not have serious
injury outcomes as the higher proportion of MAIS was mild, at 62.9%. For mechanism of
fracture, mild MAIS was recorded highest in compression mechanism with 72.4%. There
is association between MAIS and fracture mechanism. Spinal injury patients are 5.3
times more likely to have serious injury outcomes in non-compression fractures. The
non-compression fracture consists of shear, rotation and distraction mechanism.
Table 5 Severity of spinal injury patients with injury classification

Injury classification
Fracture type
A
B
C
Mechanism of injury
Axial
Extension
Flexion
Multiple
Mechanism of fracture
Non-compression
Compression

Total

MAIS
Mild (%)
Severe (%)

Statistical significance

77
30
6

59 (76.6)
16 (53.3)
1 (16.7)

18 (23.4)
14 (46.7)
5 (83.3)

 = 12.682, 2 d.f, p=
0.002

11
28
62
12

8 (72.7)
23 (82.1)
39 (62.9)
6 (50.0)

3 (27.3)
5 (17.9)
23 (37.1)
6 (50.0)

 = 5.123, 3 d.f, p= 0.163

15
98

5 (33.3)
71 (72.4)

10 (66.7)
27 (27.6)

 =9.038, 1d.f., p = 0.003
OR= 5.259 (1.646,16.800)
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3.5

Associated Injury

Out of the 151 patients, only 83 patients were available with documented associated
injuries. Among them 36% sustained associated injuries of AIS 2 or greater. The most
common associated injuries were fractures to lower and upper extremities (including
the pelvis), thorax injuries and head injuries. Table 6 depicts associated patient injuries,
with patients classified according to injured spinal area and MAIS. Intra-abdominal
injury and injury to the pelvic contents were uncommon in this cohort.
The most common associated injuries among patients with injury to the cervical spine
were those to the head, face and upper extremities. For patients whose thoracic spine
was injured, the highest frequency of associated injuries occurred to the thorax or upper
extremities, while in cases of lumbosacral injury, more associated trauma was found to
the lower extremities. As expected, patients with injury to multiple spinal regions
suffered associated injuries to all regions of the body.
Table 6 Injury patterns of spinal regions sorted by severity of associated injuries in patients with
MAIS ≥2

Associated injuries

Cervical
Head
Thorax
Upper extremities
Lower extremities
Thoracic
Head
Thorax
Upper extremities
Lower extremities

Frequency

MAIS 2

MAIS 3

MAIS 4

MAIS 5

No. of
patients

No. of
patients

No. of
patients

No. of
patients

No. of
patients

3
4
4
1

3
4
4
0

0
0
0
1

0
0
0
0

0
0
0
0

1
8
9
6

1
3
9
4

0
4
0
2

0
1
0
0

0
0
0
0
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Associated injuries

Frequency

MAIS 2

MAIS 3

MAIS 4

MAIS 5

No. of
patients

No. of
patients

No. of
patients

No. of
patients

No. of
patients

Lumbosacral
Head
Thorax
Upper extremities
Lower extremities

1
1
2
6

1
0
2
3

0
1
0
2

0
0
0
1

0
0
0
0

Multiple
Head
Thorax
Upper extremities
Lower extremities

2
4
1
2

1
0
1
2

1
2
0
0

0
0
0
0

0
2
0
0

3.6

Outcomes of Spine Injuries

Of all the patients, the neurological deficit occurred in 42 (27.8%) cases, with 14
resulting in tetraplegia, 13 resulting in paraplegia and three resulting in partial sensory
loss. Figure 10 shows the distribution of neurological deficit according to spine regions.
Patients with spinal injury at thoracic regions were found to have the highest occurrence
of neurological deficits (48.1%), followed by patients with multiple spine region injuries
(36.8%).

20

An Assessment of The Spectrum of Spinal Injury Resulting from Motorcycle Crash

Percentage of Patients

Figure 10 Comparison of spine region with neurological deficit

Table 7 shows the distribution of patient’s overall injury severity in Injury Severity Scale
(ISS) and duration of hospital stay. The overall mean ISS of patients with spinal injury
was 11.3 (interquartile range, 5–13.5). Compared to overall mean ISS, the mean for
patients with injury to cervical and lumbosacral spine was relatively lower with 10.1 and
7.0 respectively. On the other hand, patients with thoracic spine injury and multiple
spine region injury recorded a significantly higher mean ISS than the overall mean ISS
with 17.7 and 18.1 respectively.
The overall mean and median hospital stays were 26.3 days and 7.0 days respectively
(range, 1–305 days). When the patients were distributed according to the spine injured
regions, only patients with injury to lumbosacral showed a lower mean (13.9) and
median (4.5) compared to overall mean and median hospital stay. Parallel with higher
injury severity to the patients with thoracic spine and multiple spine regions, longer
hospital stays were seen to be largely from this group of patients too (Table 7).
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Table 7 Distribution of overall patient injury severity and duration of stay by spine region

Injury severity and
outcome
ISS
1–7
8–13
14–20
≥21
Mean
Hospital stay
1–7 days
8–21 days
22–45 days
≥46 days
Mean
Median

Cervical
No. of
patients

Thoracic
No. of
patients

Lumbosacral
No. of
patients

Multiple
No. of
patients

Overall
No. of
patients

24
14
4
7

10
4
2
11

38
14
2
2

1
8
3
7

73
40
11
27

10.1

17.7

7.2

18.1

11.3

21
14
5
9

11
4
3
9

39
9
3
5

11
1
0
7

82
28
11
30

26.8
11.0

40.6
14.0

13.9
4.5

41.0
7.0

26.3
7.0

Table 8 shows there is no significant difference between patient cohort and neurological
findings. It is notable that spinal injuries involving compression are 4.6 times more likely
to cause neurological deficits.
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Table 8 Relationship of spine injuries with neurological deficit

Variable
Gender
Male
Female
Position
Rider
Pillion
Age (years)
11–20
21–30
31–40
41–50
>50
Spine mechanism*
Non-compression
Compression
Spine motion
Axial
Extension
Flexion
Multiple
Fracture type
A
B
C
*Significant at p < 0.05

Total

Spine injury with neurological
deficit
Yes (%)
No (%)

P value

132
19

40 (30.3)
2 (10.5)

92 (69.7)
17 (89.5)

p = 0.072

129
22

39 (30.2)
3 (13.6)

90 (69.8)
19 (86.4)

p = 0.108

27
57
22
19
26

8 (29.6)
17 (29.8)
8 (36.4)
5 (26.3)
4 (15.4)

19 (70.4)
40 (70.2)
14 (63.6)
14 (73.7)
22 (84.6)

p = 0.56

15
98

9 (60.0)
24 (24.5)

6 (40.0)
74 (75.5)

OR=4.625
(1.493,14.331)

11
28
62

2 (18.2)
4 (14.3)
21 (33.9)

9 (81.8)
24 (85.7)
41 (66.1)

p = 0.078

12

6 (50.0)

6 (50.0)

77
30
6

14 (18.2)
14 (46.7)
5 (83.3)

63 (81.8)
16 (53.3)
1 (16.7)
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3.7

Crash Factors

Table 9 shows the univariate analysis of crash factors in relation to gravity of spinal
injury. No crash factors were found to associate significantly with the severity of injury
other than motorcyclist impact during a crash. Motorcyclists who made direct contact
with a structure or object during collision were twice more likely to sustain serious
spinal injury compared to those whose impact was with the road surface. As shown in
Table 9, a higher percentage of motorcycle drivers, rather than pillion riders, suffered
severe spinal injury. Use of helmet was noted in 59 patients (33.1%), while 14 did not
use helmets (6.0%) and helmet status was unrecorded in 78 cases (60.9%).
Alcohol consumption was detected in 17 patients (11.3%), but there was no significant
difference in severity of spinal injury between drinkers and those not under the
influence of alcohol. Likewise, there were no significant differences in helmet use
between the motorcyclists with serious and non-serious spinal injury. The most frequent
type of crash was collision with a passenger car (49%), followed by single-vehicle
collision (34.4%). Motorcyclists frequently made impact frontally or subsequent to
skidding, but impact mode made no significant difference to severity of injury.
We conducted a further analysis to probe the relationship between a particular crash
characteristic and the occurrence of serious injury to a specific spinal region. However,
due to a lack of data, some results were invalid and could not be adjusted with regard to
all variables studied.
Among the valid results, only motorcyclists’ direct impact during crash demonstrated
significant influence on the severity of spinal injury. Direct contact with a structure or
object was marginally associated with the intensity of injury to the thoracic or lumbar
spine, but no significant difference was seen for the cervical spine. Multivariate analyses
were not conducted on the current dataset due to the small patient cohort and sparse
data for some variables.
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Table 9 Association of crash factors with spinal injury severity

Crash factor

Time
Day
Night
Position
Pillion
Driver
Helmet
Yes
No
Alcohol influence
Yes
No
Crash type
Motorcycle
Passenger car
Lorry
SVA
Impact mode
Side
Rear
Skidding
Frontal
Motorcyclist impact
Contact with ground
Contact with
structures/ objects
a

Spinal injury
MAIS≤2
MAIS≥3
Total
a
a
(n=101)
(n=50)
(n=151)a
n
%
n %
n
%

p

OR

95% CI

50 (65.8)
33 (67.3)

26 (34.2)
16 (32.7)

76 (100)
49 (100)

0.86

1.00
1.07

Referent
0.50–2.30

18 (81.8)
83 (64.3)

4 (18.2)
46 (35.7)

22 (100)
129 (100)

0.12

1.00
2.49

Referent
0.80–7.81

31 (62.0)
5 (55.6)

19 (38.0)
4 (44.4)

50 (100)
9 (100)

0.72

12 (70.6)
89 (66.4)

5 (29.4)
45 (33.6)

17 (100)
134 (100)

0.73

1.00
1.21

Referent
0.40–3.66

11 (73.3)
48 (64.9)
3 (60.0)
35 (67.3)

4
26
2
17

(26.7)
(35.1)
(40.0)
(32.7)

15
74
5
52

(100)
(100)
(100)
(100)

0.92

1.00
1.49
1.83
1.34

Referent
0.43–5.15
0.22–15.33
0.37–4.82

13 (86.7)
11 (73.3)
24 (66.7)
23 (60.5)

2
4
12
15

(13.3)
(26.4)
(33.3)
(39.5)

15
15
36
38

(100)
(100)
(100)
(100)

0.34

48 (75.0)
21 (51.2)

16 (25.0)
20 (48.8)

64 (100)
41 (100)

0.014

Column does not tally with total due to missing data points.
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1.00
1.31

1.00
2.36
3.25
4.24
1.00
2.86

Referent
0.31–5.47

Referent
0.36–15.45
0.63–16.79
0.84–21.52
Referent
1.24–6.58
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4.0 Discussion
By comparing the pattern of injuries according to spine region, this study found that the
most frequently injured section of spine is the thoracolumbar spine region. This finding
concurs with other previous work on spine injuries related to MVA. Studies by Pedram
et al. (2010) and Robertson (2002) indicate similar finding of high incidence of
thoracolumbar injuries in motorcycle crashes.
The highest number of Type A fracture was recorded from the data collected from
surviving motorcycle crash victims. Due to some limitations, data from victims brought
dead to the hospital in the study could not be gathered. This study also found that
cervical region fracture recorded the most Type B fractures. This is perhaps due to the
fact that the cervical area is unstable and thus easily dislocated. The cervical region
consists of relatively small weight-bearing structures, greater required range of motion,
and the enlarged spinal cord as compared to other spinal regions (Schafer 1987). A
dislocation or subluxation typically results in the vertebrae becoming maligned due to
significant trauma to the head or neck (Cendoma 2001).
As mentioned before, Type A fractures were the most frequent injuries recorded among
motorcyclist spine injury patients. This is consistent with compression mechanism
where compression mechanism displayed the highest fracture mechanism in all spine
regions. It can be said that compression fracture mechanism is the most frequent
fracture mechanism occurring in spine injuries. Type A fractures usually come together
with compression mechanism because Type A fractures only affect the anterior part of
vertebral body (Magerl 1994), where compressive force is most likely to cause that type
of effect. Compression is generated by compressive force and it is identified as common
denominators of spine mechanism type (Magerl 1994).
How the fracture occurred also contributes to the cause of spinal fracture, especially
where the motion was single or multiple. The motion of the spine is known as injury
mechanism in this study; flexion mechanism being the most frequent occurrence in
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spine injury. Flexion mechanism/motion will cause disruption to the anterior part of
vertebral body consistent with compression mechanism, resulting in Type A fractures.
This data shows strong evidence of the absence of axial loading in the context of how
the cervical spine is injured in a motorcycle crash. There is less compression or burst
fracture identified in this region. However, the number of compressions and burst
fractures are among the most frequent injuries to the thoracic and lumbar spine
regions. Typical axial loading is characterised by a compressive loading on the prestraightened neck arrangement. Usually, this loading is characterised by compression or
burst fracture. Anatomically, the cervical spine is more flexible to move and rotate as
compared to the well-supported structure of the thoracic and lumbar spine region. Thus
cervical spine is more likely to sustain injury due to indirect movement of neck.
In this study, spine injury is categorised as severe when MAIS is 3 and above. Most of
the severe MAIS (MAIS 3+) patients are diagnosed to have neurological deficit with
tetraplegia or paraplegia. This finding is similar with the Ooi et al. study (2005) where
the cervical injury patients recorded to have quadriplegia and tetraplegia were
categorised as AIS 4 or 5. Spinal injury patients with neurological deficit most likely will
lose ability throughout life as these types of injuries typically impact the spinal canal
(Ooi et al. 2005).
Besides neurological deficit, patients with spinal dislocation injuries recorded in injury
description were also included in severe MAIS coding. Dislocation injuries that affected
anterior and posterior region of vertebral body are classified as Type C fracture. The
spinal cord was also observed to be affected in this type of injury. The same reason was
deduced on non-compression mechanism, which consists of shear, rotation and
distraction affecting the spinal cord. This explains why non-compression mechanism has
high possibility of severe MAIS coding.
Overall, our study shows higher neurologic deficit incidences (27.8%) in comparison to
the study by Robertson et al. (19.8%). This is attributable to the higher case of cervical
spine injury with neurological deficits in our data. Brandser and el-Khoury (1997) show
that approximately 50% of patients with traumatic thoracic spine fractures have
accompanying neurological deficits. Yet, the neurological deficit incidence among
motorcyclists with traumatic thoracic spine fracture is much higher, ranging from 69%–
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86% (Daffner et al. 1987; Kuppferschmid et al. 1989). Our study mirrors this high
proportion of neurologic deficits accompanying thoracic spine injuries. This is of concern
because delay in diagnosis may be associated with progressive neurological deficit
(Wintermark et al. 2003). Furthermore, Schinkel (2006) stated due to strong association
with other thoracic injuries such as lung contusion or hemopneumothorax, the delay
could cause further complications.
Among surviving motorcyclists with spinal injuries, a previous study by Leucth (1997)
recorded a mean ISS of 16.9. Our data shows mean ISS of 11.3 and our relatively low ISS
is supported by the median duration of hospital stay of seven days among all the
patients. This finding reflects the low severity of injuries in the present study and
implied that the motorcyclists in our study sustained less energy in an accident,
compared to previous studies. This is consistent with our findings of high lumbar and
cervical spine injuries as less force was required to fracture them compared to thoracic
spine injuries. Furthermore, this relatively low force may also explain the low presence
of associated injuries with spine injuries. However, the mean duration of hospital stay
was 26 days because cases of spinal cord injury need special treatment including
rehabilitation for a long period.
In general, the pattern of associated injuries observed in our study was consistent with
other studies done by Robertson (2002) and Pedram (2010), with the majority of injuries
occurring in the upper and lower limbs. The significant association of thorax and upper
extremity injuries with serious spinal injury is due to the anatomical connection of these
sites to the cervical and thoracic spine which shows high injury severities in the study.
A few studies show relationships between lumbar fractures and abdominal injuries
(Rabinovici 1999; Green 1991), and between cervical spine injuries and head injuries
(Hills 1993; Yanar 2007). However, the same relationships were not seen in our study.
Vives et al. (2008) in a study of pedestrian spinal injuries inferred that the lack of
association reflects the fact that spinal injuries commonly result from flexion, axial load,
distractive flexion, and shear, whereas injuries to the head, chest, and pelvis are
secondary to direct forces. Accordingly, as mentioned earlier, this was most likely due to
the lower number of high-energy crashes among our motorcyclists.
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Though our crash characteristics data was incomplete, the available data offered some
insights into the relationship between some crash factors and the severity of spinal
injury. Goslar et al. (2008) found that there was no significant association between the
location of spine fracture and helmet use. Comparably, we found that there was no
significant difference in spinal injury severity of helmeted or non-helmeted
motorcyclists. However, there are some studies that show helmets reduce spinal injuries
especially cervical spine (Ooi et al. 2011; Crompton et al. 2011).
Singh et al. (2011) showed that thoracic spine injury patients were less likely to be
intoxicated. But, we were unable to substantiate the same in our data although we
found that alcohol influence in a patient neither increased nor decreased the spinal
injury severity. Ooi et al. (2005) showed that impact mode influences the cervical spinal
injury severity but in the current study we did not find any significant association. A
possible explanation could be due to the fact that the motorcyclist is unrestrained and
therefore could be easily thrown off from the motorcycle on impact.
The motorcyclists then could be subjected to a more substantial impact as they could
end up striking dangerous roadside objects or even other vehicles. Thus, the initial
impact may be minor and less significant compared to the secondary impact or contact
made by being thrown off from the motorcycle. With regard to the contact made by the
motorcyclist, contact with objects compared to the contact made with ground
significantly influences the severity of spinal injuries. This is comparable to a recent
study by Daniello and Gabler (2011) which shows that compared to collision with the
ground, collision with a roadside fixed object is at least four times more likely to result in
fatality.
There are several limitations in our study. Firstly, as the data only considered surviving
victims, the findings are rather incomplete to allow the generalisation of the entire
spectrum of spinal injuries among motorcyclists. Therefore, the injury patterns may
adequately represent the minor or moderately injured victims who are overrepresented
in this current study, but it may not be entirely true for victims with more serious
injuries.
In addition, since the study was undertaken at a single site, some selection bias may
have affected the results. Due to the nature of retrospective and hospital-based study,
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we have rather limited crash-related variables. This is because police reports were
usually incomplete for non-fatal cases and crash variables were not routinely recorded
in medical notes. Though we obtained a considerable amount of information from
police reports and patient interviews, many of them contained ambiguities and
inconsistencies; thus only a handful were available for the analysis. Moreover, data
available in patients’ medical charts is sometimes incomplete and inaccurate.
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5.0 Conclusion
The majority of motorcyclists involved in motorcycle crashes sustained lumbar spinal
injury with Type A fracture. However the severe injury outcome with high MAIS (MAIS
3+ above) is among Type C fracture. In addition, most of the severe MAIS (MAIS 3+)
patients in the study were diagnosed to have neurological deficit with tetraplegia or
paraplegia. Besides, the severe MAIS patients have high possibility of having noncompression mechanism.
Furthermore, this study shows that serious spinal injury is more likely from to result
when a motorcyclist crashes into objects or structures after being thrown off from a
motorcycle. The dangerous outcomes from motorcyclist ejection, in this and other
studies, reinforce the idea that perhaps motorcyclists ought to be restrained too. A
restraint system may prevent the motorcyclist striking the objects directly and prevent
them from being catapulted into the air and then causing him/her to fall from a height.
The difference of injury patterns in this study compared to previous studies evidently
indicates that there are different predominant injury mechanisms in effect. We believe
due to our local circumstances, the crashes involving our motorcyclists involve less
energy transfer compared to those in the developed countries. A full understanding of
an injury event and the mechanical forces involved should be important for predicting
the likelihood and severity of specific anatomical patterns of injuries. A prospective
study through in-depth investigations of motorcycle crashes will provide a more
informed and comprehensive understanding of injury mechanisms. Also, a populationbased study of a larger magnitude will be helpful in defining the magnitude of the
problem and ways of preventing it.
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