
BioMed CentralBMC Public Health

ss
Open AcceResearch article
Crash characteristics and patterns of injury among hospitalized 
motorised two-wheeled vehicle users in urban India
Michael Fitzharris1,2,3, Rakhi Dandona*1,4,5, G Anil Kumar4,5 and 
Lalit Dandona1,4,5

Address: 1George Institute for International Health and School of Public Health, University of Sydney, Sydney, Australia, 2Accident Research 
Centre, Monash University, Melbourne, Australia, 3Accident Research Centre, Monash South Africa, Johanesburg, South Africa, 4George Institute 
for International Health – India, Hyderabad, India and 5Administrative Staff College of India, Hyderabad, India

Email: Michael Fitzharris - michael.fitzharris@muarc.monash.edu.au; Rakhi Dandona* - rdandona@george.org.au; G 
Anil Kumar - g.anilkumar@george.org.in; Lalit Dandona - ldandona@george.org.in

* Corresponding author    

Abstract
Background: Traffic crashes and consequent injuries represent a growing public health concern
in India, particularly in light of increasing motorization. Motorised two-wheeled vehicles (MTV)
constitute a large portion of the vehicle fleet in India. We report the crash characteristics and injury
patterns among a cohort of MTV riders and pillions presenting to hospital post-crash.

Methods: Consecutive MTV riders and pillions, whether alive or dead, injured in a road traffic
crash presenting to the emergency departments of two government hospitals and three branches
of a private hospital in urban Hyderabad, India, were recruited to this study.

Results: 378 MTV users were enrolled to the study of whom 333 (88.1%) were male, 252 (66.7%)
were riders and median age was 31.3 years. A total of 223 (59%) MTV users were injured in multi-
vehicle crashes while one-third had a frontal impact. The majority (77%) were assessed as having a
Glasgow coma score (GCS) of 13–15, 12% a GCS of 9–12 and 11% a GCS of 3–8. No difference
was seen in the severity distribution of injuries based on GCS among riders and pillions. Open
wounds and superficial injuries to the head (69.3%) and upper extremity (27%) and lower extremity
(24%) were the most common injuries. 43 (11%) sustained an intracranial injury, including 12 (28%)
with associated fracture of the bones of the head. There were few differences in types of injuries
sustained by riders and pillions though riders had a significantly lower risk of crush injuries of the
lower extremity than pillions (relative risk, RR 0.25, 95% CI 0.08–0.81) and female pillions were at
a significantly lower risk of sustaining fractures of the lower extremity than male pillions (RR 0.30,
95% CI 0.09 – 0.94). Overall, 42 (11%) MTV users died, of which 42.8% died before reaching the
hospital. Only 74 (19.6%) MTV users had worn a helmet correctly and failure to wear a helmet was
associated with a five times greater risk of intracranial injury (RR 4.99, 95% CI 1.23–20.1). Of the
19 pre-hospital deaths, 16 (84%) had not worn a helmet.

Conclusion: Head injuries accounted for the major proportion of injuries sustained in MTV users.
Non-helmet use was associated with increased risk of serious head injuries. The data presented on
the nature and severity of injuries sustained by MTV users can assist with planning to deal with
these consequences as well as prevention of these injuries given the high use of MTV in India.
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Background
India has experienced rapid growth in motorization in the
last decade, with concomitant increases in road traffic
injury (RTI) related mortality being observed.[1,2] Pedes-
trians, motorised two-wheeled vehicle (MTV) users, and
cyclists are the most vulnerable road user groups in terms
of injuries and fatalities resulting from road traffic crashes
in India.[1,3-6] In actual numbers, over 105,700 people
died and 452,900 were injured due to RTI in India in 2006
alone, with MTV users accounting for 17.8% of the fatali-
ties.[7] Moreover, fatalities due to RTI in India are pro-
jected to increase by 150% by the year 2020,[5] with the
majority of this increase being among users of MTV.[5,6]
With MTV representing 70% of all vehicles registered in
India in the year 2004 [8], the centrality of MTVs as a
means of daily transport in India is clear.

The nature of injuries sustained in MTV crashes in high-
income regions is well understood, [2] however, the char-
acteristics of crashes and associated injuries sustained by
MTV users in India are less well understood. In this paper,
we report these data for MTV users from a prospective out-
come study in an urban population from Hyderabad city
in India, with specific emphasis on exploring differences,
if any, between riders and pillions in injury outcomes. The
annual incidence of non-fatal RTI as MTV user among 5–
49 years age group is estimated at 6.3% in Hyderabad
highlighting the enormous burden of RTI among MTV
users.[9] MTV users accounted for one-third of the fatali-
ties in road traffic crashes in Hyderabad in the year
2002.[4]

Methods
The setting for the study was Hyderabad city in India.
Hyderabad has a population of 3.8 million[10] and had
1.2 million registered motor-vehicles in 2001–2002, with
the majority being MTV (77%).[8] This study was
approved by the Ethics Committee of the Administrative
Staff College of India, Hyderabad, India.

A total of 781 consecutive RTI cases reporting to two large
public hospitals and three branches of a large private hos-
pital in Hyderabad were recruited for this study from
November 2005 to June 2006. People of all ages with RTI
who reported to the emergency department or were
brought in dead to these hospitals were included. RTI was
defined as any injury resulting from road traffic crash irre-
spective of the severity and outcome. One person refused
participation in the study.

Interview process
Trained interviewers were posted round-the-clock in the
emergency departments and mortuary to capture all con-
secutive RTI cases. They documented the contact address
of all the RTI cases in detail to ensure that a follow-up

interview was possible. Interviews were conducted using a
questionnaire designed for this study after obtaining writ-
ten informed consent from the injured person or the care-
taker, or a responsible adult family member for those that
had died. Data were collected from the injured person
where possible, or the care-taker or adult family member
where this was not possible.

Detailed data on the demographics of those injured, char-
acteristics of the crash, helmet use for MTV users, driving
under influence of alcohol, Glasgow coma score (GCS)
[11] on arrival at hospital, details of injuries sustained,
and final disposition were documented.

Injury details
Details of injuries sustained were completed by the hospi-
tal physician posted in the emergency department who
attended to the particular RTI case. For those who died in
at the scene or en-route to the emergency department, a
physician attached to the hospital mortuary documented
the injuries sustained. The injuries were noted in detail
and were later classified according to broad categories as
per International statistical classification of diseases and
related health problems Version 10 (ICD-10) [12] and the
Abbreviated Injury Scale[13] by MF. The Injury Severity
Score (ISS) score was derived for each case [14], and in
addition, the highest AIS severity for each region (MAIS)
was noted. The coding of injuries was not undertaken by
the hospital physicians due to necessary training require-
ments. The medical notes were referred to when insuffi-
cient details of injuries were described to accurately
ascribe an ICD or AIS code

Data analysis
Data were entered into an MS Access database. The main
outcomes reported are the crash characteristics, injury pat-
terns and severity among the riders and pillion passengers
of MTV. MTV types included mopeds (≤ 100 cc engine),
scooterettes (60–105 cc engine), scooters (100–150 cc
engine), and motor cycles (≥ 100 cc engine). Injuries were
classified according to broad ICD-10 classifications.
Superficial injuries of the head and neck, and thorax and
abdomen were combined, with the same process for open
wounds, fractures, and other unspecified injuries sus-
tained for ease of analysis and presentation.

Patient and injury characteristics were examined for riders
and pillion passengers, with comparisons made using chi-
square tests, Fishers Exact Test, and relative risk (RR) ratios
with 95% confidence intervals (CI) presented where
appropriate.[15,16] Principal comparisons for the injury
patterns were made between riders and pillions including
helmet use and hospital mortality. The Mann-Whitney
test, chi-square test and independent samples t-test was
used to assess group differences where appropri-
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ate.[15,16] Logistic regression model was constructed to
examine the predictors of mortality.[17] Analysis was con-
ducted using STATA V.9.2 [18] and statistical significance
was set at p ≤ 0.05.

Results
Among the 781 RTI cases recruited to the study, 378 were
MTV users (48.4%), 203 pedestrians (26%), 88 motorized
three-wheeled vehicle occupants (11.3%), 36 occupants
of cars and jeeps (4.6%), 41 occupants of buses and trucks
(5.2%), and 35 cyclists (4.5%).

Rider and pillion characteristics
In the study recruitment period, there were 378 MTV users
recruited to the study with 252 (66.7%) being riders.
Motorcycles were the most common type of MTV (56.1%)
followed by scooters (38.6%), and mopeds (5.3%) with
no difference in vehicle type between riders and pillions,
(χ2(1) = 0.9, p ≥ 0.05) (Table 1). There was, however, a
significant sex difference between riders and pillions, with
245 (97.2%) of riders being male as compared to 88
(69.8%) of pillions being male (χ2(1) = 60.0, p ≤ 0.05).
The median age for riders was significantly older than that
of the pillions (z = 3.9, p ≤ 0.05). There were significantly
fewer riders < 20 years of age (11.1%) than pillions
(26.2%) and more riders (29%) > 40 years of age than pil-
lions (18%) (χ2(2) = 15.7, p ≤ 0.05). There were few chil-
dren aged 1–9 years (3, 0.8%) and 10–14 years of age (9,
2.4%), with all but one child aged 10 – 14 years being pil-
lions. There was no significant difference in the distribu-
tion of marital status or educational attainment between
riders and pillions.

Crash characteristics
Of the 378 MTV riders and pillions, 155 (41%) were injured
as a result of a single vehicle crash (SVC) while 223 (59%)

were injured as a result of a multi-vehicle crash (MVC) (Table
2). There was no difference in the proportion of SVC and
MVC between riders and pillions (χ2(1) = 1.07, p ≥ 0.05).
There were few differences in collision partners for multiple
vehicle crashes. One-third of riders and pillions (36%) had a
frontal impact, with an additional 8% impacting the rear of
an opposing vehicle, 25% were struck from behind, and
27.6% were struck from the side.

Alcohol content was not assessed for 76.7% of riders and
pillions, however where assessed in the Emergency
Department, there was no difference in the proportion of
riders (55.6%) and pillions (52%) with the presence of
alcohol confirmed (χ2(1) = 0.7, p ≥ 0.05); the blood alco-
hol content level was not specified.

Injury severity and hospitalization details
Of the 378 MTV riders and pillions, 6 (1.6%) died at the
scene, 12 (3.2%) died en-route to hospital, and 360
(95.2%) arrived alive at hospital, of whom 24 (6.3%) later
died in hospital (18 riders, 6 pillions). In total, 42
(11.1%) died as a consequence of injuries sustained in the
crash, including 29 riders (11.5%) and 13 pillions
(10.3%), and hence the proportion of survivors was 89%.
The in-hospital mortality rate was 6.6% (24 of 360). There
was no difference between riders and pillions with respect
to fatality-survival outcome (χ2(1) = 0.1, p ≥ 0.05).

Table 3 presents a range of parameters for those present-
ing alive to hospital. No difference was seen in the severity
distribution of injuries based on the mean and median ISS
between riders and pillions with 8.6% sustaining an ISS >
15 (p ≥ 0.05). There was a significant difference (p ≤ 0.05)
in the mean and median ISS for those who died (mean
20.7, SD 27.1; median 10; range 1 – 75) and those who
survived (mean 4.5, SD 4.9; median 2; range 1 – 25).

Table 1: Demographic characteristics of injured riders and pillions

Characteristics Rider
(n = 252, 66.7%)

Pillion
(n = 126, 33.3%)

Total
(n = 378, 100%)

Road-user type (%)

Moped 14 (5.6%) 6 (4.8%) 20 (5.3%)

Scooter 101 (40.1%) 45 (35.7%) 146 (38.6%)

Motorcycle 137 (50.4%) 75 (59.5%) 212 (56.1%)

Male (%) 245 (97.2%) 88 (69.8%) 333 (88.1%)

Age (years)

Mean (Standard Deviation) 32.8 (11.5) 28.3 (12.7) 31.3 (12.1)

Median, Range 30, 14–68 25, 4–70 28 (4–70)
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Approximately 10% of the cases had an ISS > 15, thereby
being classified as major trauma. Seven cases had ISS score
of 75, and in each case sustained an AIS 6 (maximum)
injury to the head. There was no significant difference in
GCS between riders and pillions (p ≥ 0.05).

Among the 372 post-crash survivors (excluding deaths at
scene), 176 (47.3%) reported a loss of consciousness

(LOC), though data on the severity and duration of LOC
were not collected; there was, however, no difference in
the proportion of riders and pillions with a reported LOC
(χ2(3) = 0.03, p = 0.8). Notably though, of the riders (8)
and pillions (4) who had died en-route to hospital, all
were reported to have sustained a LOC indicating the pres-
ence of severe head injuries. Overall, the mean length of
stay in the hospital (6.3 days, SD: 8.5 days; median: 3

Table 2: Crash characteristics of injured riders and pillions

Characteristics Rider
(n = 252, 66.7%)

Pillion
(n = 126, 33.3%)

Total
(n = 378, 100%)

Type of crash and collision partner

Single vehicle 108 (42.9%) 47 (37.3%) 155 (41%)

Vehicle skidded 57 (52.8%) 13 (27.7%) 70 (45.2%)

Hit a non-moving object 44 (40.7%) 21 (44.7%) 65 (41.9%)

Fall from vehicle 3 (2.8%) 12 (25.5%) 15 (9.7%)

Collision with animal/others 4 (3.7%) 1 (2.1%) 5 (2.6%)

Multiple vehicle crash 144 (57.1%) 79 (62.7%) 223 (59%)

Bus/heavy vehicle 52 (36.1%) 28 (35.4%) 80 (35.9%)

Car/Jeep 35 (24.3%) 26 (32.9%) 61 (27.4%)

Motorised two-wheeled vehicle 32 (22.2%) 14 (17.7%) 46 (20.6%)

Motorised three-wheeled vehicle 15 (10.4%) 10 (12.7%) 25 (11.2%)

Pedestrian/Cyclist/Other 10 (6.9%) 1 (1.3%) 11 (4.9%)

Time of crash

00:00 – 05:59 53 (21%) 26 (20.6%) 79 (20.9%)

06:00 – 11:59 24 (9.5%) 15 (11.9%) 39 (10.3%)

12:00 – 17:59 66 (26.2%) 42 (33.3%) 108 (28.6%)

18:00 – 24:00 109 (43.3%) 43 (34.1%) 152 (40.2%)

Alcohol use*

Yes, confirmed in ED 35 (13.9%) 13 (10.3%) 48 (12.7%)

Suspected in ED 5 (2.0%) 1 (0.8%) 6 (1.6%)

No, confirmed in ED 23 (9.1%) 11 (8.7%) 34 (9.0%)

Not checked in ED 189 (75%) 101 (80.2%) 290 (76.7%)

*ED: emergency department
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days) was similar for riders and pillions (t(194.3) = 1.05,
≥ 0.05) as was the overall distribution (χ2(4) = 7.2, ≥
0.05), with approximately 23% of riders and 29% of pil-
lions being admitted for 8 days or longer.

Injuries sustained
The most common injuries sustained were open wounds
to the head-neck such as lacerations (35%), followed by
superficial wounds of the head-neck (34%), the upper
extremity (26.7%), and the lower extremity (24%) (Table
4). Approximately 12% of the riders and pillions sus-
tained open wounds of the lower extremity, and 6.6% sus-

tained superficial wounds of the thorax and abdomen
regions, and 6% sustained open wounds of the upper
extremity. It is evident that superficial and open wounds
are by and large the most common type of injuries sus-
tained by these riders and pillions. Fractures of the lower
extremity were sustained by one-fifth (72, 19%) of riders
and pillions. The most common factures of the lower
extremity were of the lower leg including ankle (54, 14%),
the femur (21, 5.6%), and the bones of the foot (1, 0.3%).

Of note was that 43 (11%) had sustained an intracranial
injury with 12 (28%) also sustaining an associated frac-

Table 3: Severity parameters and length of stay for riders and pillions presenting alive to hospital

Rider
(n = 241, 67%)

Pillion
(n = 119, 33%)

Total
(n = 360, 100%)

Patient discharge status

Alive 223 (92.5%) 113 (95%) 336 (93.3%)

Died 18 (7.5%) 6 (5%) 24 (6.7%)

Injury Severity Score (ISS)

Mean (SD) 5.1 (7.2) 5.4 (8.0) 5.2 (7.5)

Median 2 4 2

Range 1 – 75 1 – 75 1 – 75

MAIS*

Minor (1) 122 (50.6%) 55 (46.2%) 177 (49.2%)

Moderate (2) 57 (23.7%) 28 (23.5%) 85 (23.6%)

Serious (3) 32 (13.3%) 24 (20.2%) 56 (15.6%)

Severe (4) 19 (7.9%) 6 (5.0%) 25 (6.9%)

Critical (5) 3 (1.2%) 0 (0%) 3 (0.8%)

Maximum (6) 1 (0.4%) 1 (0.8%) 2 (0.6%)

Unknown 7 (2.9) 5 (4.2%) 12 (3.3%)

Glasgow Coma Score (GCS) on arrival at hospital†

13–15 185 (76.8%) 91 (76.5%) 276 (76.7%)

9–12 29 (12.0%) 14 (11.8%) 43 (11.9%)

3–8 27 (11.2%) 14 (11.8%) 41 (11.4%)

*Highest AIS severity for each region
†GCS 13 – 15 indicates mild or no traumatic brain injury, GCS 9 – 12 moderate injury and GCS 3 – 8 severe injury
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Table 4: Injury patterns and relative injury risk for riders and pillions

ICD-10 body region* Rider
(n = 252)

Pillion
(n = 126)

Relative risk (RR) of injury (referent: pillions)

N (%) injured N (%) injured RR 95% CI†

Head and Neck

Superficial 93 (36.9%) 35 (27.8%) 1.33 0.96–1.84

Open wound 95 (37.7%) 39 (31.0%) 1.22 0.89–1.65

Fracture 26 (10.3%) 13 (10.3%) 1.0 0.53–1.87

Intracranial 29 (11.5%) 14 (11.1%) 1.03 0.57–1.89

Crush 5 (2.0%) 2 (1.6%) 1.25 0.24–6.35

Traumatic amputation 1 (0.4%) 1 (0.8%) 0.50 0.03–7.92

Other unspecified 23 (9.1%) 13 (10.3%) 0.88 0.46–1.68

Neck, injury nerves 1 (0.4%) 0 (0.0%) - -

Thorax and Abdomen

Superficial 19 (7.5%) 6 (4.8%) 1.58 0.65–3.86

Open wound 3 (1.2%) 2 (1.6%) 0.75 0.13–4.43

Fracture 13 (5.2%) 3 (2.4%) 2.17 0.63–7.46

Intra-thoracic organ, unspecified 1 (0.4%) 0 (0.0%) - -

Intra-abdominal organs, injury 2 (0.8%) 2 (1.6%) 0.50 0.07–3.50

Lumbar spine/pelvis: dislocation, sprain 1 (0.4%) 0 (0.0%) - -

Other unspecified 11 (4.4%) 6 (4.8%) 0.92 0.35–2.42

Upper Extremity

Superficial 72 (28.6%) 29 (23.0%) 1.24 0.85–1.80

Open wound 18 (7.1%) 4 (3.2%) 2.25 0.78–6.51

Fracture 25 (9.9%) 12 (9.5%) 1.04 0.54–2.00

Dislocation, sprain, joints & ligaments 1 (0.4%) 0 (0.0%) - -

Crush 0 (0.0%) 2 (1.6%) - -

Other unspecified 13 (5.2%) 4 (3.2%) 1.65 0.54–4.88

Lower Extremity

Superficial 56 (22.2%) 34 (27.0%) 0.82 0.57–1.19
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ture(s) of the bones of the head. Intracranial injuries
included for example, concussion, subdural haemor-
rhage, and subarachnoid haemorrhage. In addition to the
14 riders and pillions who had sustained both an intrac-
ranial injury and a fracture of the bones of the head, a fur-
ther 25 riders and pillions sustained a fracture to this
region but without intracranial injuries. The risk of injury
among riders and pillions differed only for one injury sub-
type, with the risk of crush injuries of the lower extremity
being lower for riders (1.6%) than for pillions (6.3%) (RR
0.25, 95% CI 0.08–0.81).

We also explored potential differences in injury risk for
male pillions (n = 88) and female pillions (n = 38) given
the propensity for female pillions to sit sideways across
the seat rather than facing forward. Interestingly, female
pillions (7.9%) were at a significantly lower risk of sus-
taining fractures of the lower extremity than male pillions
(26%) (RR 0.30, 95% CI 0.09 – 0.94). Female pillions
(18%) were, however, somewhat more likely than male
pillions (6.8%) to sustain fractures of the head and neck
region (RR 2.7, 95% CI 0.97 – 7.49), and 8% of female
pillions sustained open wounds of the upper extremity

compared to only 1% of male pillions (Fishers Exact p =
0.09).

Helmet use and head injury severity
Among the 378 MTV riders and pillions, only 74 (19.6%)
wore a helmet correctly (20% open faced; 80% closed
faced) (Table 5). Riders (29%) were significantly more
likely than pillions (n = 1, 0.8%) to wear a helmet (RR
36.5, 95% CI 5.1 – 259.5). On examination of non-wear-
ers, a small proportion (9, 2.4%) were found to have worn
the helmet but had failed to fasten the strap, while
another 27 (7%) had carried a helmet at the time of crash.
Excluding the 6 riders and pillions who died at the scene,
149 (49.8%) of the 299 non-helmet MTV users sustained
an LOC while only 27 (37%) of the 73 wearing a helmet
sustained an LOC (RR 1.34, 95% CI 0.98 – 1.85, p = 0.05).
Considering only those 165 cases where the GCS was
known, 95% (all but 1 patient) in each of the GCS 3–8
and GCS 9–12 categories were not wearing a helmet in
contrast to 71% in the GCS 13–15 category. The risk of
sustaining a moderate-severe head injury not wearing a
helmet was 5 times higher than had a helmet been worn
(27% vs 5.2%, RR 5.26, 95% CI 1.32 – 20.9).

Open wound 24 (9.5%) 20 (15.9%) 0.60 0.35–1.04

Fracture 46 (18.3%) 26 (20.6%) 0.88 0.57–1.36

Dislocation, sprain, joints & ligaments 1 (0.4%) 0 (0.0%) - -

Crush 4 (1.6%) 8 (6.3%) 0.25 0.08–0.81

Other unspecified 5 (2.0%) 7 (5.6%) 0.35 0.11–1.10

*ICD: International statistical classification of diseases and related health problems Version 10
†CI: Confidence interval

Table 4: Injury patterns and relative injury risk for riders and pillions (Continued)

Table 5: Helmet use among riders and pillions

Helmet use Rider (n = 252) Pillion (n = 126) All (n = 378)

N (%) N (%) N (%)

Used, Properly secured 73 (29.0%) 1 (0.8%) 74 (19.6%)

Not used

Not properly secured 8 (3.2%) 1 (0.8%) 9 (2.4%)

Available, not used (carrying) 24 (9.5%) 3 (2.4%) 27 (7.1%)

Not available 147 (58.3%) 121 (96.0%) 268 (70.9%)

Sub-total not wearing a helmet 179 (71%) 125 (99.2%) 304 (80.4%)

Total 100% 100% 100%
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In all head injury sub-types, the proportion of sustaining
that injury was greater among non-helmet users than for
those using helmets; this effect is most prominent for
intracranial injuries and open wounds of the head (Table
6). More specifically, helmet non-use was seen to be asso-
ciated with a 1.9 times higher risk of sustaining an open
wound (RR 1.91, 95% CI 1.19–3.07, p = 0.002) and a 5
times higher risk of intracranial injury (RR 4.99, 95% CI
1.23–20.1, p = 0.004, Fishers Exact), with only two helm-
eted participants (both riders) sustaining an intracranial
injury in contrast to 41 non-helmeted participants. Intrac-
ranial injuries were examined more closely. Focal brain
injury (S06.3; n = 13, 30%) was the most common, fol-
lowed by sub-dural hematoma (SDH, S06.5; n = 10,
23%), sub-arachnoids haemorrhage (SAH; S06.6; n = 9,
21%), concussion (S06.0; n = 3, 7%), traumatic cerebral
odema (S06.1; n = 2, 5%), extra-dural hematoma (S06.4;
n = 2, 5%), while four sustained injuries of such severity
that they were classified as intracranial injury – other
(S06.9); all four died. Of the 10 participants sustaining
SDH, two were helmeted riders in contrast to eight (5 rid-
ers, 3 pillions) non-helmeted participants.

In total, 36 (11.8%) of 304 non-helmet wearers died com-
pared to 6 (8.1%) of 74 helmet wearers, indicating a
higher mortality risk, however, this was not statistically
significant (RR 1.46, 95% CI 0.46 – 3.33, p ≥ 0.05). Nota-
bly of the 19 pre-hospital deaths, 16 (84%) were not wear-
ing a helmet.

Association between injuries and mortality
As noted, 42 MTV users in the study died. The most nota-
ble injury types among the MTV riders (29, 69%) and pil-
lions (13, 31%) who had died were open wounds of the
head-neck (40%), intracranial injuries (31%) followed by

crush injuries of the head (16.7%), and fractures of the
head-neck (14.3%). Other notable injuries sustained
among those who died were thoracic fractures (9.5%) and
intra-abdominal organ injuries (9.5%), while the inci-
dence of fractures of the lower extremity among those
who died was low (2.4%, n = 1).

Given the association between helmet use and intracra-
nial injuries noted above, we examined the relationship
between intracranial injuries and mortality. Overall, 11%
of riders and pillions sustained an intracranial injury, and
of these 30% died; the mortality rate for those without an
intracranial injury was 8.7%. Consequently, a univariate
analysis of the relationship between intracranial injury
and mortality indicated a mortality risk 3.5 times higher
among those with an intracranial injury than those with-
out s (RR 3.46, 95% CI 1.96 – 6.10). This relationship
remained evident even with age, sex, and collision partner
are entered into a multivariate logistic regression model
(OR 5.97, 95% CI 1.4 – 25.1), and these additional
parameters not being statistically significant predictors of
intracranial injuries.

To further examine the association between injury type
and mortality, a logistic regression model was developed
with helmet use, age, sex, MAIS scores for the head, chest
and abdomen, position (rider vs. pillion) and striking
object 'forced' into the model given the focus of this paper
(Table 7). Sixteen cases were excluded from the model due
to unknown AIS/ISS scores (4%), resulting in a loss of 7 of
the 42 deceased cases and 9 of the 336 cases discharged
alive. Head injury MAIS, chest MAIS, abdomen-pelvis
MAIS and being struck by a vehicle in the bus, truck, van
category (relative to a single vehicle crash) were all signif-
icant predictors of mortality, while helmet use, position,

Table 6: ICD-10 coded head injuries and helmet use and relative risk of injury

ICD-10 Head Injury* Helmet worn (n = 74) Helmet not worn (n = 304) Not worn relative risk (RR) of injury to worn

N (%) N (%) RR 95% confidence interval

Superficial 22 (29.7%) 106 (34.9%) 1.17 0.80–1.72

Open wound 16 (20.3%) 118 (38.8%) 1.91 1.19–3.07

Fracture 6 (6.8%) 33 (10.5%) 1.56 0.63–3.86

Intracranial 2 (2.7%) 41 (13.5%) 4.99 1.23–20.1

Crush 1 (1.4%) 6 (2.0%) 1.46 0.17–11.9

Traumatic amputation 0 (0%) 2 (0.7%) - -

Other unspecified 5 (6.8%) 31 (10.2%) 1.51 0.61–3.74

*ICD: International statistical classification of diseases and related health problems Version 10
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and a number of striking object parameters were not sta-
tistically significant (Table 7). There was no interaction
between head MAIS and helmet use. The model correctly
classified 93% of cases, albeit with low sensitivity (31%)
but extremely high specificity (98.5%), with an Area
under the Curve of 0.85, demonstrating excellent discrim-
ination.[17]

Discussion
This study reports on the nature of crashes and patterns of
injuries sustained among a cohort of consecutive riders
and pillions of MTV presenting to the emergency depart-
ments post-crash in urban India. Overall, 59% of MTV rid-
ers and pillions were injured in multiple vehicle crashes,
with 40% occurring in the evening and a further 21%
between midnight and 6 am, a pattern typical of MTV
crashes.[19-22] Collision partners for those involved in
multiple vehicle crashes tended to be large vehicles such
as buses and trucks. Single vehicle crashes were domi-
nated by vehicles skidding, presumably following avoid-
ance maneuvers and loss of control, and striking fixed
roadside objects. The demographic and crash profile of
riders and pillions reported here are similar to those
reported from India previously and from elsewhere.[1-
4,19,20,23]

The findings indicate few differences between MTV riders
and pillions in the type of injuries sustained. These differ-
ences were limited to pillions sustaining a higher propor-

tion of crush injuries, however, the actual numbers of
riders and pillions with crush injuries was low. While
there were few notable differences in injury risk between
riders and pillions, we report that female pillions are at a
somewhat greater risk of fractures of the head and neck
than their male counterparts, and at a similarly higher risk
of open wound upper extremity injuries. As a group,
female pillions sustained fewer lower extremity injuries
than male pillions. This result may be associated with the
increased propensity for female pillions to sit sideways on
cycle and MTV for reasons of comfort mainly due to the
Indian way of dressing.[3] From a biomechanics point of
view, this may be associated with an increased risk of
being 'thrown off' or falling from the vehicle, with the
consequence of the outstretched arm and head-neck com-
plex bearing much of the force. It is notable here that
females represented 30% of pillions in contrast to 2.8% of
riders, and only one pillion was wearing a helmet. This
finding is clearly of concern, and highlights the need for
appropriate seating and increased helmet use among
female pillions.

The most commonly sustained injuries were to the head
followed by injuries of the lower and upper extremity as
reported previously from other populations.[1,2,24-28]
The mortality rate was 11%, a figure comparable with that
reported elsewhere for motorcyclists.[19] While helmet
use was not directly associated with mortality in this sam-
ple, there was a strong association between helmet use

Table 7: Association of mortality with select variables using multiple logistic regression

Parameter Outcome Referent Odds ratio 95% confidence interval P

Upper Lower

Sex Female Male 1.50 0.35 6.55 0.6

Helmet use Not Worn Worn 0.60 0.19 1.92 0.4

Position Pillion Rider 0.86 0.28 2.67 0.8

Collision type Others including pedestrians Single vehicle 2.07 0.65 6.60 0.2

Car Single vehicle 0.75 0.17 3.22 0.7

Bus, truck, van Single vehicle 3.43 1.25 9.45 0.02

MAIS – Head* Continuous, 0 – 6 2.03 1.58 2.61 < 0.01

MAIS – Chest* Continuous, 0 – 6 2.03 1.05 3.93 0.04

MAIS – Abdomen* Continuous, 0 – 6 3.72 1.80 7.86 < 0.01

Age Continuous 1.02 0.98 1.05 0.3

*MAIS is the highest AIS severity by body region
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and intracranial injuries, and in addition a strong associa-
tion between intracranial injuries and head injury severity
and mortality. These latter two findings, in particular, are
concerning given that the overall helmet wearing rate
among MTV riders and pillions was low (19.6%) in this
study population. This low rate of helmet use among MTV
users in India has been documented previously.[1,3,29]
The increased risk of serious head injury in the absence of
helmet wearing as has been documented previously and
our study reinforces these findings in a developing world
context.[30-34] The combined findings of a significantly
higher risk of intracranial injuries for non-helmet users
and the relationship between head injury severity and
mortality demonstrates an urgent need for increasing hel-
met use in India. While this study provides evidence of the
benefits of helmet use in mitigating serious intracranial
injuries, earlier studies have reported reductions in head-
injury associated mortality through the use of hel-
mets.[2,3,24,35-39] It remains important that helmets
used are of standard quality with respect to protection, as
inferior, non-standard helmets have been shown to offer
little useful protection in the event of a crash.[30]

Injuries to thorax and abdominal regions were also found
to be associated with a higher risk of mortality in our
study. Such association has also been previously reported
from a large sample of motorcycle crashes in USA.[40]
These findings suggest the importance of protecting these
vital organs in addition to the head in motorcycle crashes
and therefore the need for protective clothing in addition
to helmets to reduce the mortality burden in this popula-
tion.[19,20,41] Information on protective clothing was
not collected in our study as the concept of such clothing
does not exist in our population.

Importantly, most MTV riders and pillions (75%) were
not tested for alcohol use, and when tested around 55%
tested positive to alcohol, however the blood alcohol con-
tent was not recorded. These figures pertaining to alcohol
use are difficult to interpret as bias in testing may be a fac-
tor in the high proportion of confirmed cases. In a study
of traumatic brain injuries from south India which exam-
ined the role of alcohol, RTI incidence was found to be
similar among alcohol users and non-users, however,
MTV users and pedestrians were involved in crashes to a
greater extent among the alcohol users and the severity of
brain injuries, duration of hospital stay, death and post-
traumatic disabilities were significantly higher among
alcohol users compared with non-users.[42] One of the
critical steps to reduce burden of RTI and the resulting
mortality is to have reasonable evidence on the risk fac-
tors. The role of alcohol in RTI is well-documented in the
developed countries and relevant road safety intervention
programmes are in place.[2] Our data highlight the urgent
need for proper documentation of alcohol use in RTI in

India so that strategies and mechanisms to reduce the
related burden can be addressed.[1,2,43]

This study has a few limitations. Injuries were coded using
the information entered into the study database text fields
from the study questionnaire rather than directly from the
medical record, though the medical record and autopsy
record formed the basis of the information documented
in the study questionnaire. Where there was any doubt as
to the nature of the injury these were queried and clarified
by consultation with the medical record; this occurred in
all 13 cases where the description of the injury was
recorded as 'bleeding from the ears', given the possible
differences in injury descriptors. While every effort was
made to code the injuries accurately, it is possible for
some bias to exist as the ICD and AIS/ISS coding. This is
particularly true for fatalities pre-hospital, as 7 cases had
an ISS < 9, 2 between 10 and 17, 5 with an ISS of 75, and
in 4 cases there was insufficient, detailed and precise
information to calculate an ISS score. However, this
affected only a relatively small number of cases. In addi-
tion, where AIS codes were allocated, there was consider-
able use of 'Injury Not Further Specified' (NFS) codes,
hence it is likely the ISS scores for the cases are conserva-
tive.

A further limitation is that we did not collect information
from the first hospital the patient attended, and it is pos-
sible that this would bias the interpretation of injuries sus-
tained, particularly the objective assessment of head
injury severity immediately post-crash, hence we chose
only to report the GCS for those attending the hospital
directly from the scene.

Despite these limitations, the data presented in this paper
provide important information on the nature and severity
of injuries sustained by MTV users in India that can assist
with planning to deal with these consequences as well as
prevention of these injuries.

Conclusion
This study reports on the nature of injuries sustained and
associated helmet non-use among MTV riders and pillions
presenting to emergency department post-crash in urban
India. There were few but notable differences in the over-
all injury pattern between MTV riders and pillions, and
between male and female pillions. Head injuries were the
most common type of injury sustained and helmet use
was low, highlighting the need for increasing helmet use
given the high use of MTV in India and its projected
increase.

Abbreviations
CI: Confidence interval; ED: emergency department; GCS:
glasgow coma scale; LOC: loss of consciousness; ISS:
Page 10 of 12
(page number not for citation purposes)



BMC Public Health 2009, 9:11 http://www.biomedcentral.com/1471-2458/9/11
injury severity score; MAIS: highest AIS severity for each
region; MTV: motorised two-wheeled vehicles; MVC: mul-
tiple vehicle crash; RR: relative risk; RTI: road traffic injury;
SVC: single vehicle crash; ICD-10: The International Sta-
tistical Classification of Diseases and Related Health Prob-
lems 10th Revision.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
MF planned and led the drafting of the manuscript in con-
junction with RD, coded the injuries with the assistance of
GAK, and undertook the analysis. RD conceptualized and
designed the study, GAK managed the data, LD contrib-
uted to the concept and design of the study. All authors
were involved in the interpretations of the findings and
drafting of the manuscript. RD is the guarantor for the
study.

Acknowledgements
This study was supported by the Wellcome Trust, UK (077002/Z/05/Z, 
Principal Investigator: R Dandona). R Dandona is supported in part by the 
National Health and Medical Research Council Capacity Building Grant in 
Injury Prevention and Trauma Care, Australia. The authors acknowledge 
the contribution of GM Ahmed, GB Reddy, Md Akbar, SP Ramgopal in the 
implementation of this study.

References
1. Gururaj G: Road traffic deaths, injuries and disabilities in

India: current scenario.  Natl Med J India 2008, 21:14-20.
2. Peden M, Scurfield R, Sleet D, Mohan D, Hyder AA, Jarawan E, Math-

ers C: World report on road traffic injury prevention.  Geneva:
World Health Organisation; 2004. 

3. Dandona R, Kumar GA, Raj TS, Dandona L: Patterns of road traf-
fic injuries in a vulnerable population in Hyderabad, India.  Inj
Prev 2006, 12(3):183-188.

4. Dandona R, Mishra A: Deaths due to road traffic crashes in
Hyderabad city in India: need for strengthening surveillance.
Natl Med J India 2004, 17:74-79.

5. Kopits E, Cropper M: Traffic Fatalities and Economic Growth.
In World Bank Policy Research Working Paper No 3035 Washington DC:
The World Bank; 2003. 

6. Mohan D, Tiwari G: Road safety in low-income countries: issues
and concerns regarding technology transfer from high-
income countries.  In Reflections on the transfer of traffic safety knowl-
edge to motorising nations Melbourne: Global Traffic Safety Trust;
1998:27-56. 

7. National Crimes Record Bureau: Accidental Deaths and Suicides
in India – 2006.  New Delhi: Ministry of Home Affairs, Government
of India. 

8. Department of Road Transport and Highways: Total Number of
Registered Motor Vehicles in India – 1951–2004.  Volume 2008.
New Dehli: Government of India; 2004. 

9. Dandona R, Kumar GA, Ameer MA, Ahmed GM, Dandona L: Inci-
dence and Burden of Road Traffic Injuries in Urban India.
Injury Prevention 2008 in press.

10. Registrar General of India: Population Totals: India, Census of
India 2001.  Volume 2008. New Delhi: Ministry of Home Affairs,
Government of India; 2001. 

11. Teasdale G, Jennett B: Assessment of coma and impaired con-
sciousness: A practical scale.  Lancet 1974, 2:81-84.

12. WHO: International Statistical Classification of Diseases and Health
Related Problems (The) ICD-10 Second edition. Geneva: World Health
Organisation (WHO); 2005. 

13. AAAM: The Abbreviated Injury Scale (AIS) – 1990, 1998 Update Des
Plaines, IL: Association for the Advancement of Automotive Medicine
(AAAM); 1998. 

14. Baker S, O'Neill B, Haddon W, Long W: The Injury Severity
Score: A method for describing patients with multiple inju-
ries and evaluating emergency care.  J Trauma 1974,
14:187-196.

15. Dawson B, Trapp RG: Basic and clinical biostatistics Third edition. Bos-
ton: Lange Medical Books/McGraw Hill; 2001. 

16. Siegel S, Castellan NJ: Nonparametric statistics for the behavioural sci-
ences New York: McGraw-Hill; 1988. 

17. Hosmer DW, Lemeshow S: Applied logistic regression 2nd edition. New
York: John Wiley & Sons; 2000. 

18. StataCorp: Intercooled Stata 9.2 for Windows.  College Station,
TX: USA: StataCorp; 2007. 

19. ACEM: MAIDS: In-depth investigation of accidents involving
powered two-wheelers, Final Report 1.1.  Brussels: Association
of European Motorcycle Manufacturers (ACEM); 2004. 

20. Haworth N, Smith R, Brunen I, Pronk N: CR 174: Case-Control
Study of Motorcycle Crashes.  Canberra: Australian Transport
Safety Bureau; 1997. 

21. Nakahara S, Chadbunchachai W, Ichikawa M, Tipsuntornsak N,
Wakai S: Temporal distribution of motorcyclist injuries and
risk of fatalities in relation to age, helmet use, and riding
while intoxicated in Khon Kaen, Thailand.  Accid Anal Prev 2005,
37(5):833-842.

22. Peek-Asa C, Kraus JF: Alcohol use, driver, and crash character-
istics among injured motorcycle drivers.  J Trauma 1996,
41(6):989-993.

23. ATSB: Alcohol and road fatalities, Monograph 5.  Canberra:
Australian Safety Transport Bureau (ATSB); 1998. 

24. Guruaj G: Epidemiology of traumatic brain injuries.  Neurol Res
2002, 24:24-28.

25. Agnihorti A, Joshi H: Pattern of road traffic injuries: one year
hospital-based study in Western Nepal.  Int J Injury Control Safety
Promotion 2006, 13:128-130.

26. Pikoulis E, Filias V, Pikoulis N, Daskalakis P, Avgerinos ED, Tavernar-
akis G, Belechri M, Pappa P, Theos C, Geranios A, et al.: Patterns of
injuries and motor-vehicle traffic accidents in Athens.  Int J
Injury Control Safety Promotion 2006, 13:190-119.

27. Solagberu BA, Ofoegbu CKP, Nasir AA, Ogundipe OK, Adekanye
AO, Abdur-Rahman LO: Motorcycle injuries in a developing
country and the vulnerability of riders, passengers, and
pedestrians.  Inj Prev 2006, 12:266-268.

28. Tham K-Y, Seow E, Lau G: Pattern of injuries in helmeted
motorcyclists in Singapore.  Emerg Med J 2004, 21:478-482.

29. Dandona R, Kumar GA, Dandona L: Risky behavior of drivers of
motorized two wheeled vehicles in India.  J Safety Res 2006,
37(2):149-158.

30. Peek-Asa C, McArthur DL, Kraus JF: The prevalence of non-
standard helmet use and head injuries among motorcycle
riders.  Accid Anal Prev 1999, 31(3):229-233.

31. Rutledge R, Stutts J: The association of helmet use with the out-
come of motorcycle crash injury when controlling for crash/
injury severity.  Accid Anal Prev 1993, 25(3):347-353.

32. Shankar BS, Ramzy AI, Soderstrom CA, Dischinger PC, Clark CC:
Helmet use, patterns of in jury, medical outcome, and costs
among motorcycle drivers in Maryland.  Accid Anal Prev 1992,
24(4):385-396.

33. Viano D, von Holst H, Gordon E: Serious brain injury from traf-
fic-related causes: Priorities for primary prevention.  Accid
Anal Prev 1997, 29(6):811-816.

34. Liu B, Ivers R, Norton R, Boufous S, Blows S, Lo S: Helmets for pre-
venting injury in motorcycle riders.  Cochrane Database Syst Rev
2008:CD004333.

35. Heng KWJ, Lee AHP, Zhu S, Tham KY, Seow E: Helmet use and
bicycle-related trauma in patients presenting to an acute
hospital in Singapore.  Singapore Med J 2006, 47(5):367-372.

36. Coben JH, Steiner CA, Miller TR: Characteristics of motorcycle-
related hospitalizations: Comparing states with different
helmet laws.  Accid Anal Prev 2007, 39(1):190-196.

37. La Torre G, Van Beeck E, Bertazzoni G, Ricciardi W: Head injury
resulting from scooter accidents in Rome: differences before
and after implementing a universal helmet law.  Eur J Public
Health 2007, 17(6):607-611.
Page 11 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18472698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18472698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16751450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16751450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15141599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15141599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4136544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4136544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4814394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4814394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4814394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8970551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8970551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11783750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16887951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16887951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16887951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15208235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15208235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16647720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16647720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10196599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10196599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10196599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8323668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8323668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8323668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1605821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1605821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1605821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9370017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9370017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18254047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18254047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16645684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16920053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16920053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16920053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17400541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17400541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17400541


BMC Public Health 2009, 9:11 http://www.biomedcentral.com/1471-2458/9/11
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

38. Phuenpathom N, Tiensuwan M, Ratanalert S, Saeheng S, Sripairojkul
B: The changing pattern of head injury in Thailand.  J Clin Neu-
rosci 2000, 7(3):223-225.

39. Branas CC, Knudson MM: Helmet laws and motorcycle rider
death rates.  Accid Anal Prev 2001, 33(5):641-648.

40. Kraus JF, Peek-Asa C, Cryer HG: Incidence, Severity, and Pat-
terns of Intrathoracic and Intra-abdominal Injuries in Motor-
cycle Crashes.  J Trauma 2002, 52(3):548-553.

41. Hurt HH, Ouellet JV, Thom DR: Motorcycle Accident Cause
Factors and Identification of Countermeasures, Technical
Report, DOT HS-5-01160.  Volume 1. Washington DC: National
Highway Traffic Safety Administration; 1981. 

42. Gururaj G: The effect of alcohol on incidence, pattern, sever-
ity and outcome from traumatic brain injury.  J Indian Med
Assoc 2004, 102(3):157-160.

43. Gururaj G: Alcohol and road traffic injuries in South Asia:
challenges for prevention.  J Coll Physicians Surg Pak 2004,
14(12):713-718.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/9/11/prepub
Page 12 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10833620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11491244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11491244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11901334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11901334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11901334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15473276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15473276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610627
http://www.biomedcentral.com/1471-2458/9/11/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Interview process
	Injury details
	Data analysis

	Results
	Rider and pillion characteristics
	Crash characteristics
	Injury severity and hospitalization details
	Injuries sustained
	Helmet use and head injury severity
	Association between injuries and mortality

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

