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Study objective: A cohort of 4,729 junior college students in Taiwan was studied to
determine risk factors for increased severity of motorcycle injuries.

Methods: Crash characteristics were collected by using self-administered question-
naires soon after a student was involved in a motorcycle crash. The proportional
odds model with generalized estimating equations, with correlated ordinal responses
for collisions categorized into not injured, mildly injured, and severely injured cate-
gories, was used to determine the odds of injury severity.

Results: A total of 1,889 motorcycle crashes involving 1,284 persons occurred over a
20-month period from November 1994 to June 1996. There were 1,339 noninjuries, 474
mild injuries, and 76 severe injuries. The adjusted odds ratio (OR) of rural to urban
roads having a greater level of injury severity was 1.64. Compared with noncollisions,
collisions with a moving car (adjusted OR=1.76), a parked car (adjusted OR 1.90), or
another stationary object (adjusted OR=2.31) increased the odds for a greater level of
injury severity. Riders using Sanyang (adjusted OR=1.63) and Yamaha (adjusted OR=1.39)
motorcycles had greater odds of being involved in a crash with a greater level of
injury compared with those riding Kymco motorcycles. Darkness (adjusted OR=1.65)
and greater speeds (adjusted OR=1.63 to 4.69) also increased the odds of greater
injury severity.

Conclusion: At the time of motorcycle crashes, factors such as being on rural roads,
collisions with a heavier object, some motorcycle makes, darkness, and greater
speeds increased the severity of motorcycle injuries among these young adult riders.
[Ann Emerg Med. 2003;41:783-791.]
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I N T R O D U C T I O N

Motorcycles in Taiwan are a major means of trans-
portation and a common source of injury. According to
police reports, 43% of the 2,717 deaths from traffic
injuries in Taiwan in 1992 were among motorcycle rid-
ers, and of these motorcyclist deaths, 31% were young
riders aged 16 to 25 years.1 Emergency department
records have shown that more than 66% of motorcycle
injuries occur to riders aged younger than 20 years.2-4

Thus, identifying features and behaviors that might
reduce injuries, especially among young riders, would
be of value.

There are several inadequacies in previous studies
related to severity of motorcycle injuries. First, police
and hospital records traditionally used in motorcycle-
injury studies are incomplete in that they usually over-
represent severely injured riders.5,6 Only 53% to 91% of
hospital admissions and 37% to 38% of ED visits caused
by motorcycle injuries were reported by the police.7-12

Motorcycle injuries caused by some crashes, such as on-
scene deaths, mild injuries, and noninjuries, are often
not included in hospital records. Hence, a representa-
tive sample of motorcycle crashes, particularly for
determination of risk or protective factors for motorcy-
cle injuries, is required to obtain unbiased results, as
well as to validate those results from police and hospital
records. Second, potential factors associated with
severity of motorcycle injuries have only rarely been
comprehensively measured in previous studies, and
thus, independent effects of risk or protective factors on
severity of injury might be inaccurately estimated.
Finally, it is common for recurrent injuries to occur to a
rider over time, but injury has often been treated as
being independent; that is, only the first event for mul-
tiple events is counted.13,14 Traditional statistical
models using correlated data might result in inefficient
estimates of regression parameters and inconsistent
estimates of precision.15

Therefore, because of the high occurrence of motor-
cycle injuries in young adults, we believed that it was
appropriate to conduct a cohort study of a representa-
tive sample of motorcycle crashes in this age group,

with the goal of estimating the magnitude of risk factors
for injury severity in this group.

M A T E R I A L S  A N D  M E T H O D S

Junior college students from 2 residential areas, Taipei
(an urbanized area in Taiwan with a population density
of 10,001 persons per square kilometer) and Hualien (a
rural area with a population density of 76 persons per
square kilometer), were selected for this study. Two
junior colleges from each area were randomly selected
from a total of 8 junior colleges in Taipei and 3 in
Hualien. Because one of the selected colleges in Taipei
declined to participate, only 3 junior colleges were
included in the study. Students attending junior col-
leges in Taiwan complete a series of 5 grades before
graduation. Students in the first and second years, who
have fewer opportunities to ride a motorcycle because
they are not yet of legal age (18 years), were not in-
cluded in this study. The study population initially con-
sisted of 4,721 students (2,224 from Taipei and 2,497
from Hualien) who were enrolled at the 3 participating
schools at the beginning of the study. One initial and 3
follow-up assessments were conducted at the beginning
of the study and at approximate 6-month intervals dur-
ing a 20-month study period from November 1994 to
June 1996. A total of 4,729 students completed at least 1
of the 4 assessments over the study period (some stu-
dents entered or withdrew from the 3 schools). This
research was reviewed by the institutional review board
at the National Defense Medical Center in Taiwan, and
informed consent was obtained from all participants
and the authorities of the 3 schools.

Several methods were used to identify motorcycle
crashes occurring to students. First, crash information
was mainly collected through class representatives
elected by students. Students reported motorcycle
crashes occurring in the past week to their representa-
tives at their weekly class meeting, and then student
representatives asked them to complete a motorcycle
crash form containing structured questions regarding
the crash characteristics. An economic incentive,
NT$500 (approximately US$20 at the study time) for
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crashes were further categorized into 3 levels of injury
severity: noninjury, mild injury, and severe injury. An
injury was defined as mild when a motorcycle rider
sought medical care at least once but was not hospital-
ized as a result of the crash. An injury was defined as
severe when riders were hospitalized or died from the
crash. Crashes that did not lead riders to seek any medi-
cal service were categorized as noninjuries.

The distribution of the time of day of the 1,889 motor-
cycle crashes occurring in the study period was plotted.
Categoric variable distributions among the 3 levels of
injury severity were compared by using Pearson χ2

tests. For ordinal variables, Mantel-Haenszel χ2 tests
for trends were also computed.

The proportional odds model16 was used to investi-
gate the relationships of the 3 levels of motorcycle
injuries with the multiple potential risk factors. We
assumed that the integers 1,...,k, indicate the k-ordered
response categories, and πj, j=1,...,k, are the multino-
mial probabilities of being in each category. The model
proposes the following: 

logit(γj)=ln (γj/[1–γj])=θj–βT x, j=1,...,k-1,
where γj=π1 +...+ πj are cumulative probabilities of being
in one of the first j categories; ln(·) is the natural logarith-
mic function; θj and β are unknown parameters; and x is a
vector of explanatory variables.17 This model assumes
that the effect of one exposure variable is the same across
cumulative logits. Therefore, a single effect of the expo-
sure, indicated by the log odds ratio (β) or odds ratio
(eβ), on the cumulative logits can be estimated. In this
study, because 407 of 1,284 riders who were involved in
at least one crash experienced multiple crashes during
the follow-up period, the correlation of multiple crashes
involving the same individual was adjusted by using gen-
eralized estimating equations in the proportional odds
model.18,19 In the initial multivariate analysis of the pro-
portional odds model, variables with a P value of less
than .25 in the univariate analysis were included.20 In
addition, the goodness-of-fit21 and the assumption of
proportional odds22 specifically for generalized estimat-
ing equation models were also assessed. Statistical
Analysis Software (version 6.12, SAS Institute, Inc.,
Cary, NC) was used for all statistical analyses.

each representative per month, was provided to the rep-
resentatives during the study period to facilitate repre-
sentative participation in reporting motorcycle crashes.
Furthermore, researchers contacted the representatives
by telephone every 2 weeks to remind them to report
any motorcycle crashes that had occurred in the previ-
ous 2 weeks. Second, the 3 follow-up assessments for all
students were also used to supplement the aforemen-
tioned student representative reports. At each follow-
up assessment visit, we checked on whether there were
students who had been involved in a crash they had not
reported to representatives and asked them to complete
the motorcycle crash form. Finally, it is compulsory for
schools in Taiwan to record severe injuries, such as
deaths and injuries requiring hospitalization, even
though the records depend on the victims or their close
classmates being willing to report the crash to the school.
School records were checked monthly to examine
whether some severe motorcycle crashes were missed.
As a result, 2 fatal injuries were not reported by the pre-
vious reporting systems, and therefore, school and hos-
pital records and interviews with families were used to
obtain the corresponding crash information.

The motorcycle crash questionnaire collected infor-
mation on the student’s behavior immediately before
the crash, on the type of motorcycle involved in the
crash, and on environmental factors at the time of the
crash. The characteristics in the questionnaire were
classified into 3 general categories: human factors,
vehicular factors, and environmental factors. Human
factors included age at the time of the crash, riding
experience, sex, riding position (operator or passen-
ger), motorcycle licensure and ownership, helmet use,
alcohol consumption, and riding speed. Vehicular fac-
tors included engine volume, model year, and make of
motorcycle involved in the crash. Environmental fac-
tors included crash location (urban or rural roads), col-
lision object, day of the week, light conditions, weather,
and surface, width, profile, and roadway alignment
(straight versus curved) where the crash occurred.

Motorcycle crashes were defined as having occurred
when the rider or riders fell down onto the road, either
in a single- or multiple-vehicle collision. Motorcycle
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To assess the reliability of the participants’ original
responses to the motorcycle crash form, we selected 150
forms to ask students the same questions as appeared on
the form by telephone. Of these, 140 were completed
within 1 month after the crash had been reported. κ
Values for the crash characteristics ranged from 0.55 to
0.98, and the average κ value of these characteristics
was 0.74. This average κ value indicates substantial
strength of agreement between the original and retest
responses on the crash questionnaire.23

R E S U L T S

During the 20-month study period, a total of 1,889
motorcycle crashes involving 1,284 study participants
occurred. Of the 1,284 participants experiencing at
least one motorcycle crash during the 20-month study
period, 877 had one crash, 280 had 2 crashes, and 127
had 3 or more crashes. About 80% of the total crashes
were reported by class representatives, 20% were from
crash victims at the 3 follow-up assessment visits, and 2
fatal crashes were obtained from school records.

The time-of-day distribution for the occurrence of
motorcycle crashes, as shown in the Figure, exhibited 2
peaks at 8 AM and 5 PM, corresponding to the times of
going to school and getting out of school, respectively.
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Conversely, the lowest numbers of motorcycle crashes
occurred between 4 AM and 5 AM.

Of the 1,889 motorcycle crashes, 1,339 were catego-
rized into the noninjury category, 474 into the mild
injury category, and 76 into the severe injury category.
Table 1 presents the distributions of human factors in the
3 severity levels of motorcycle injuries. At greater levels
of injury severity, the proportion of riders aged 17 and 20
years was somewhat greater, and that of riders aged 18
and 19 years was smaller. With increasing injury severity,
a greater proportion of motorcycles was owned by the
victim or his or her classmate, and conversely, a smaller
proportion was owned by his or her family. The propor-
tion of greater riding speeds, alcohol drinkers, or helmet
nonusers increased with greater levels of injury severity.

As shown in Table 2, no significant differences in the
3 levels of injury severity were detected among various
motorcycle engine volumes or among various model
years. However, with increasing injury severity, the pro-
portion of riders using Sanyang motorcycles increased,
and conversely, the proportion using Kymco models
decreased.

Table 3 presents the distributions of environmental
factors for the 3 levels of injury severity. The proportion
of motorcycle crashes occurring on rural roads, at night,
or in unstable weather increased with greater levels of
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Figure. 
Time-of-day distribu-
tion for the occur-
rence of 1,889
motorcycle crashes
involving 1,284 per-
sons over a 20-month
follow-up period.
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affect inferences from the results. After controlling for
the effects of other risk factors, the adjusted odds ratio
(OR) for a greater level of injury severity from motorcy-
cle crashes on rural roads compared with those on
urban roads was 1.64, with a 95% confidence interval
(CI) of 1.30 to 2.06. After adjusting for other factors,
motorcycle crashes involving a moving car (adjusted
OR=1.76; 95% CI 1.34 to 2.30), a parked car (adjusted
OR=1.90; 95% CI 1.24 to 2.92), or another stationary
object (adjusted OR=2.31; 95% CI 1.49 to 3.60) were
found to more likely produce a greater level of injury
severity to riders compared with crashes without a col-
lision. Riders using Sanyang (adjusted OR=1.63; 95%
CI 1.20 to 2.19) or Yamaha (adjusted OR=1.39; 95% CI
1.05 to 1.85) models remained at significantly in-
creased odds of a greater level of injury severity in a
motorcycle crash compared with those using Kymco
models. Motorcycle crashes occurring in the dark were
more likely to have a greater level of injury severity than
those occurring in daylight (adjusted OR=1.65; 95% CI
1.14 to 2.40). After adjustment, a greater riding speed
was still significantly associated with a greater level of
injury severity, and a positive monotonic relationship

injury severity. In addition, the proportion of collisions
involving a moving car or a stationary object, such as a
post, tree, or guardrail on the roadside, also increased at
greater levels of injury severity.

Table 4 shows the results of the proportional odds
model with generalized estimating equation analysis.
The 2 intercepts (ie, θ1 and θ2) in the model are not dis-
played because they are nuisance parameters and do not
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Table 1. 
Distributions of human factors for 3 levels of injury severity
among 1,889 motorcycle crashes.

All Non- Mild Severe
Crashes, injury, Injury, Injury,

Characteristic No. (%) No. (%) No. (%) No. (%)

Age at crash, y
17 53 (2.8) 30 (2.2) 19 (4.0) 4 (5.3)
18 590 (31.2) 419 (31.3) 150 (31.7) 21 (27.6)
19 815 (43.1) 595 (44.4) 190 (40.1) 30 (39.5)
20 333 (17.6) 228 (17.0) 85 (17.9) 20 (26.3)
≥21 98 (5.2) 67 (5.0) 30 (8.3) 1 (1.3)
Riding experience, y*

<1 150 (15.8) 107 (16.0) 39 (16.4) 4 (9.5)
1 310 (32.6) 225 (33.6) 71 (29.8) 14 (33.3)
2 172 (18.1) 125 (18.7) 38 (16.0) 9 (21.4)
3 123 (13.0) 86 (12.8) 29 (12.2) 8 (19.1)
≥4 195 (20.5) 127 (19.0) 61 (25.6) 75 (16.7)
Sex
Male 768 (40.7) 552 (41.2) 180 (38.0) 36 (47.4)
Female 1,121 (59.3) 787 (58.8) 294 (62.0) 40 (52.6)
Riding position
Operator 1,510 (79.9) 1,084 (81.0) 354 (76.8) 62 (81.6)
Passenger 379 (20.1) 255 (19.0) 110 (23.2) 14 (18.4)
Motorcycle licensure
No 553 (29.3) 378 (28.2) 151 (31.9) 24 (31.6)
Yes 1,336 (70.7) 961 (71.8) 323 (68.1) 52 (68.4)
Motorcycle ownership
Victim 1,127 (59.7) 793 (59.2) 285 (60.1) 49 (64.5)
Family 325 (17.2) 250 (18.7) 72 (15.2) 3 (4.0)
Classmate 342 (18.1) 231 (17.3) 91 (19.2) 20 (26.3)
Other 95 (5.0) 65 (4.9) 26 (5.5) 4 (5.3)
Helmet use
No 1,269 (67.2) 883 (65.9) 328 (69.2) 58 (76.3)
Yes 620 (32.8) 456 (34.1) 146 (30.8) 18 (23.7)
Alcohol consumption
No 1,830 (96.9) 1,304 (97.4) 455 (96.0) 71 (93.4)
Yes 59 (3.1) 35 (2.6) 19 (4.0) 5 (6.6)
Riding speed, km/h
<21 229 (12.1) 186 (13.9) 39 (8.2) 4 (5.3)
21–40 788 (41.7) 584 (43.6) 182 (38.4) 22 (29.0)
41–60 611 (32.4) 418 (31.2) 165 (34.8) 28 (36.8)
61–80 209 (11.1) 121 (9.0) 71 (15.0) 17 (22.4)
≥81 52 (2.8) 30 (2.2) 17 (3.6) 5 (6.6)
*Only motorcycle operators are included.

Table 2. 
Distributions of vehicular factors for 3 levels of injury sever-
ity among 1,889 motorcycle crashes.

All Non- Mild Severe
Crashes, injury, Injury, Injury,

Characteristic No. (%) No. (%) No. (%) No. (%)

Engine volume, cc
50 807 (43.2) 564 (42.3) 212 (45.1) 31 (40.8)
70–110 188 (10.6) 134 (10.1) 50 (10.6) 4 (5.3)
125 726 (38.9) 528 (39.9) 164 (34.9) 34 (44.7)
>125 147 (7.9) 96 (7.3) 44 (9.4) 7 (9.2)
Model year
≤1991 235 (17.0) 168 (16.9) 57 (16.6) 10 (21.7)
1992 154 (11.1) 112 (11.2) 38 (11.1) 4 (8.7)
1993 279 (20.1) 196 (19.7) 75 (21.9) 8 (17.4)
1994 428 (30.9) 302 (30.3) 109 (31.8) 17 (37.0)
≥1995 290 (20.9) 219 (22.0) 64 (18.7) 7 (15.2)
Make
Sanyang 537 (28.8) 363 (27.5) 143 (30.6) 31 (41.9)
Kymco 490 (26.3) 371 (28.1) 105 (22.5) 14 (18.9)
Yamaha 753 (40.4) 527 (40.0) 199 (42.6) 27 (36.5)
Other 83 (4.5) 61 (4.6) 20 (4.3) 2 (2.7)



M O T O R C Y C L E  I N J U R I E S  A M O N G  Y O U N G  A D U L T  R I D E R S
Lin et al

between riding speed and injury severity was also
found. The adjusted ORs for the 4 greater speed groups
relative to the lowest speed group of less than 21 km/h
in sequence were 1.63 (95% CI 1.13 to 2.35), 2.16 (95%
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CI 1.46 to 3.20), 4.05 (95% CI 2.61 to 6.27), and 4.69
(95% CI 2.45 to 8.96), respectively. After adjustment,
riders who did not have a valid motorcycle license were
marginally associated with a greater level of injury
severity (adjusted OR=1.26; 95% CI 1.00 to 1.59). The
goodness-of-fit statistic for this model was 9.86, with 9
degrees of freedom and a P value of .296, and the robust
score statistic for testing proportionality was 15.29,
with a P value equal to .704.

D I S C U S S I O N

We collected a population-based sample of motorcycle
crashes by following up more than 4,700 junior college
students over a 20-month period to examine the risk
factors for 3 levels of severity of motorcycle injuries. In

Table 3. 
Distributions of environmental factors for 3 levels of severity
among 1,889 motorcycle crashes.

All Non- Mild Severe
Crashes, injury, Injury, Injury,

Characteristic No. (%) No. (%) No. (%) No. (%)

Crash location
Urban road 1,253 (66.3) 933 (69.7) 280 (59.1) 40 (52.6)
Rural road 636 (33.7) 406 (30.3) 194 (40.9) 36 (47.4)
Collision object
No object hit 572 (30.3) 417 (31.1) 139 (29.3) 16 (21.1)
Moving car 543 (28.8) 360 (26.9) 153 (32.3) 30 (39.5)
Moving motorcycle 476 (25.2) 368 (27.5) 96 (20.3) 12 (15.8)
Other moving object 86 (4.6) 61 (4.6) 22 (4.6) 3 (4.0)
Parked car 86 (4.6) 54 (4.0) 28 (5.9) 4 (5.3)
Parked motorcycle 34 (1.8) 28 (2.1) 5 (1.1) 1 (1.3)
Other stationary object 92 (4.9) 51 (3.8) 31 (6.5) 10 (13.2)
Days of the week
Sunday 278 (14.7) 192 (14.3) 73 (15.4) 13 (17.1)
Monday 274 (14.5) 197 (14.7) 68 (14.4) 9 (11.8)
Tuesday 249 (13.2) 178 (13.3) 67 (14.1) 4 (5.3)
Wednesday 254 (13.5) 179 (13.4) 64 (13.5) 11 (14.5)
Thursday 260 (13.8) 183 (13.7) 65 (13.7) 12 (15.8)
Friday 256 (13.6) 187 (14.0) 59 (12.5) 10 (13.2)
Saturday 318 (16.8) 223 (16.7) 78 (16.5) 17 (22.4)
Light conditions
Daylight 296 (15.7) 206 (15.4) 78 (16.5) 12 (15.8)
Twilight 1,042 (55.2) 762 (56.9) 250 (52.7) 30 (39.5)
Dark but lighted 407 (21.6) 289 (21.6) 97 (20.5) 21 (27.6)
Dark 144 (7.6) 82 (6.1) 49 (10.3) 13 (17.1)
Weather
Sunny 979 (51.8) 708 (52.9) 235 (49.6) 36 (47.4)
Cloudy 479 (25.4) 338 (25.2) 120 (25.3) 21 (27.6)
Rainy 366 (19.4) 251 (18.8) 103 (21.7) 12 (15.8)
Unstable 65 (3.4) 42 (3.1) 16 (3.4) 7 (9.2)
Roadway surface
Blacktop 1,458 (77.2) 1,030 (76.9) 366 (77.2) 62 (81.6)
Concrete 157 (8.3) 114 (8.5) 36 (7.6) 7 (9.2)
Gravel 176 (9.3) 117 (8.7) 54 (11.4) 5 (6.6)
Other 98 (5.2) 78 (5.8) 18 (3.8) 2 (2.6)
Roadway width
One way/1 lane 307 (16.3) 226 (16.9) 72 (15.2) 9 (11.8)
One way/≥2 lanes 204 (10.8) 139 (10.4) 59 (12.5) 6 (7.9)
Two way/2 lanes 675 (35.7) 470 (35.1) 172 (36.3) 33 (43.4)
Two way/≥4 lanes 703 (37.2) 504 (37.6) 171 (36.1) 28 (36.8)
Roadway profile
Level 1,747 (92.5) 1,239 (92.5) 435 (91.8) 73 (96.1)
Uphill 60 (3.2) 45 (3.4) 14 (3.0) 1 (1.3)
Downhill 82 (4.3) 55 (4.1) 25 (5.3) 2 (2.6)
Roadway alignment
Straight 1,717 (90.9) 1,216 (90.8) 436 (92.0) 65 (85.5)
Curved 172 (9.1) 123 (9.2) 38 (8.0) 11 (14.5)

Table 4. 
Result of proportional odds model with generalized estimat-
ing equation analysis: Adjusted ORs with 95% CIs for
increased severity levels of motorcycle injuries.

Characteristic OR 95% CI P Value

Crash location
Urban road 1.00 —
Rural road 1.64 1.30–2.06 0
Collision object
No object hit 1.00 —
Moving car 1.73 1.31–2.26 0
Moving motorcycle 0.92 0.68–1.23 .568
Other moving object 1.14 0.69–1.88 .605
Parked car 1.89 1.23–2.90 .004
Parked motorcycle 0.79 0.34–1.80 .568
Other stationary object 2.34 1.50–3.65 0
Motorcycle make
Kymco 1.00 —
Sanyang 1.64 1.21–2.22 .001
Yamaha 1.42 1.07–1.88 .015
Other 1.35 0.79–2.32 .277
Light conditions
Daylight 1.00 —
Twilight 1.22 0.93–1.60 .142
Dark but lighted 1.13 0.88–1.46 .345
Dark 1.66 1.14–2.40 .008
Riding speed, km/h
<21 1.00 —
21–40 1.63 1.13–2.36 .009
41–60 2.14 1.45–3.15 0
61–80 3.95 2.56–6.10 0
≥81 4.59 2.41–8.75 0
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cused on prevention of injuries other than those to the
head of motorcycle riders that result in poor prognosis.
However, the protective effect of helmets specifically on
head and facial injuries is reported elsewhere.28

There are at least 4 limitations to this study. First, the
total number of reported motorcycle crashes might not
have been complete. Almost all of the crashes reported
by the victims did not involve an injury. In addition,
these crashes tended to be noncollisions or to occur
among students without a valid motorcycle license. If
this were true for unreported crashes, then the effects of
collision object and motorcycle licensure were underes-
timated in this study.

Second, the motorcycle crashes and their character-
istics were self-reported, and no available sources can
be used to validate this information. Although motor
vehicle crashes reported from adolescents and young
adults are often valid and reliable29-31 and the average
κ value for test-retest questions in the study was 0.74,
behavioral factors, such as alcohol consumption, hel-
met use, and high speeds, unexpected by social norms
were possibly underreported, and therefore, their effects
would be underestimated.

Third, the actual levels of injury severity were vul-
nerable to misclassification because the classification of
injury severity in this study might have been subject to
differences between individuals and between hospitals.
In other words, in this study, the definition of mild
injuries (ie, seeking medical care at least once) might be
intertwined with the availability of care and factors that
affect care-seeking behavior; furthermore, the defini-
tion of severe injury (ie, hospitalization caused by a
motorcycle crash) might also depend on standards for
admission. This problem exists in other measures for
injury severity as well. For example, lost days of usual
activities are applied to define an injury by the National
Health Survey in the United States. As another example,
“evident, but not incapacitating, or complaint of injury”
and “killed or incapacitating,” terms often used by
police to judge the existence of minor-moderate and
severe-fatal injury,32 are more subjective. Our study did
not adopt the commonly used Abbreviated Injury
Score,33 the Injury Severity Score,34 or other instru-

the proportional odds model, generalized estimating
equations were applied to adjust the correlation be-
tween recurrent motorcycle crashes for a single individ-
ual. Although the study population was limited to
young adult riders, we believe the identified risk fac-
tors, particularly for vehicular and environmental fac-
tors, can be generalized to other riding populations to
prevent injuries at the time of a crash.

Although taking many human and environmental
factors into account in the study, motorcycle make was
still independently associated with severity levels of
motorcycle injuries. Although some studies have re-
ported that mechanical defects in tires and brakes con-
tribute to traffic crashes,24,25 our data are insufficient
to provide further information on why Sanyang and
Yamaha motorcycle riders had a greater risk of a signifi-
cantly greater level of injury severity in a crash com-
pared with those riding Kymco models. More research
is required to validate whether this finding results from
an inherent mechanical aspect of a particular make,
from being confounded by other unmeasured human-
environmental factors, or from a type I error. This result
is worthy of further study because Sanyang and Yamaha
motorcycles are commonly used in many countries in
which the population-attributable risk of motorcycle
injuries with these makes could be high if the result is
valid.

In this study, alcohol consumption and helmet use
were not independently associated with risk of a greater
level of injury severity. Because only 3.1% of the total
crashes in the study population were reported to in-
volve alcohol consumption, the background incidence
of motorcycle injuries in the population (or in Taiwan)
is high, or both, the power to detect the effect of alcohol
consumption on the severity levels of motorcycle in-
juries was weakened. Alternatively, alcohol consump-
tion might not play an important role in the occurrence
of less severe injuries, even though it is often reported
to cause fatal injuries.26,27 The ability to detect the pro-
tective effect of helmets on all kinds of motorcycle in-
juries was reduced because head and facial injuries
comprised only 16% of the 550 injuries in this study.
The result implies that more attention should be fo-
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ments that measure injury severity for hospitalized
patients because they are insensitive to less severe
injuries13,14 and thus might not be appropriate for our
study, which involved a number of minor injuries.

Finally, there might be model overfitting because the
27 degrees of freedom used by the candidate indepen-
dent variables in the initial multivariate analysis is large
relative to the 76 cases in the smallest outcome level,
and models with fewer than 10 outcome events per
independent variable are generally thought to have
questionable accuracy.35-37 To quantify overfitting, we
computed the shrinkage coefficient,38 which was 0.88,
indicating that about 12% of the model is noise, and
thus the overfitting was mild.39 In addition, a bootstrap
resampling method40,41 was applied to validate the reli-
ability of the results obtained from the model. The veri-
fied proportionality assumption should help to allevi-
ate the overfitting problem by allowing data in other
categories to be used in estimating the rate of events in
the group with severe injuries.42

In summary, because a substantial proportion of
motorcycle crashes among young adult riders cannot be
easily avoided, an increased emphasis on reducing injury
severity at the time of the crash is needed. Factors such
as being on rural roads, collisions with a heavier object,
some motorcycle makes, darkness, and greater speeds
might increase the severity of motorcycle injuries
among young adult riders, indicating the importance of
improving road environments (eg, reducing open drains
in rural roads and providing adequate lighting for
roads), driving behaviors (eg, enforcement of riding
within speed limits and avoiding riding close to cars),
and vehicle designs for reducing injury severity in
motorcycle crashes.
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