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ABSTRACT

Earlier research has shown that the use of police records only for bicyclist injuries may underreport the
number of crashes by only including the incidents involving automobiles. This paper investigates
bicycle crashes using Icelandic emergency room data between 2005 and 2010 and analyzed using
descriptive techniques. The data includes 3,472 records of bicyclist emergency room visits.

The results showed that helmet usage was rarely recorded in emergency room records, only in 484 cases.
It is therefore not possible to fully understand the effects of helmets on injury location and severity from
this data. Men outnumbered women about 2 to 1 in emergency room visits (men are more frequent
bicyclists in Iceland) and there were no gender differences noted in the recorded helmet usage. There is
a tendency for a higher share of recording helmet usage for children 10 years old and younger compared
to other groups. Children of those ages were the most likely to be wearing helmets (about 4 to 1). The
recorded location of the bicycle crash was in most cases a generic residential area, or just under 56% of
the crashes. Driveways were recorded second, at just over 16%, and other locations less frequently, all
under 10%. Falls were the most common cause of injury, about 64% of all cases. The variable for
collision with another party was recorded in only 814 cases. These were split about 50/50 between those
that did not involve a collision (single-bicycle crash) and those that did (automobile, other bicycle,
pedestrian, other). The crashes with automobiles and other bicycles had the highest relative shares in the
AIS severe injury category. It was found that a majority (68%) of the bicycle crashes leading to
emergency room visits had resulted in minor injuries.

Emergency room data has its strengths compared to police recorded data. However, emergency room
data do not include all fatal crashes and recording of crash data is not nearly as systematic as in police
reporting. Methods and simple data collection tools that can be used in an emergency room setting to
improve data collection and quality of data would be beneficial for the study of safety in general.
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1. INTRODUCTION

The benefits of cycling are numerous and have been associated with decreased obesity, reduced risk of
cardiovascular and other diseases, and improved mental and physical health (Hamer and Chida, 2008;
Wen and Rissel, 2008). Bicycle ownership is high in Europe. In Norway, it has been estimated that
roughly 70% of adults own a bicycle and in Switzerland there is at least one bicycle in 69% of the
households (European Commission, 2015). Unfortunately, more than 2,000 bicyclist deaths were
recorded in traffic collisions in the European Union in 2013, representing 8% of the total number of road
deaths in those countries (ETSC, 2015). Since 2004, there have been 25,000 bicyclists killed in the EU
(ETSC, 2015).

Safety is paramount when city planners and transportation engineers develop sustainable transport
policies and design infrastructure that supports bicycling. In 2004, the World Health Organization
estimated that in the European Union 6% of fatal traffic injuries occurred to bicyclists and 18% to
pedestrians (WHO, 2004), with children between the ages of five and fourteen often the most vulnerable
(McArthur et al., 2014).

This study contributes to the safety literature by performing a descriptive analysis of bicyclist crashes
in Iceland between 2005 and 2010 using data from emergency room records.

2. LITERATURE REVIEW

Much research focuses on bicycle-motor vehicle crashes but there is much less research on other types
of bicycle crashes, e.g., bicyclist falls or collisions with an object. Using survey data from bicycle
patients treated at the Emergency Care Department in the Netherlands, Schepers and Wolt (2012) found
that roughly half of the single-bicycle crashes were related to the infrastructure such as colliding with
an object or riding off the road.

Investigating environmental factors is an important field of research in improving bicycle safety. Chen’s
(2015) analysis on environmental factors focused on area-wide built form land uses. Chen’s (2015)
results showed that more emphasis should be placed on safety in areas where there is a higher level of
mixed land use. This is because these types of areas had a higher crash rate, and more road signals and
parking signs increased the risk of crashing. Furthermore, Saelens et al. (2003) found that the residents
from communities with higher density, greater connectivity, and multiple land use mix will report higher
rates of walking/bicycling for utilitarian purposes than residents from low-density, poorly connected,
and single land use neighborhoods. To offset this risk, Chen (2015) suggested local authorities reduce
driving speed limits and separate bicycle and traffic lanes.

Teschke et al. (2012) examined the impact of different types of bicycle route types on bicycle crashes.
Of the 14 route types that they analyzed, areas with designated bicycle tracks were shown to have the
lowest risk of severe bicycle crashes, while risk increased on main streets with parked cars, confirming
findings such as Chen’s (2015). Teschke et al. (2012) also found that risk could be decreased on main
roads when there were less parked cars.

Previous population-based research has shown that bicycle helmet laws can reduce head injury rates
among bicyclists. In Sweden there is a law that children under 15 must wear a helmet. Bonander et al.
(2014) measured the proportion of head injury admissions per month using a generalized autoregressive
moving average model. They found a statistically significant intervention effect among male children,
where the proportion of head injuries dropped by 7.8 percentage points. This did not apply to female
children, where they found no evidence of an intervention effect (Bonander et al., 2014).
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The severity of injury for bicycle crashes with motor vehicles is correlated with speed and has been
shown in many studies. Kim et al. (2007) showed the importance of having well-lit areas and ensuring
that drivers adhere to speed limits, because darkness with no streetlights and speeds above 48.3 km/h
(30 mph) doubled the probability of the crash being fatal. Fabriek et al. (2012) also showed that poor
light conditions increase the likelihood of bicycle crashes. Kaplan and Prato (2015) found that the
severity of crashes with automobiles was reduced when there were more bicyclists in the area.

Not all bicycling incidents end with the person crashing, or in other words, some may be a near miss or
a non-injury incident. Aldred and Crosweller (2015) performed an assessment in the United Kingdom
by asking bicyclists to complete a questionnaire that described near miss and other non-injury incidents.
They found a higher correlation between non-injury bicycling incidents and periods of high bicycle
volume, such as 5 a.m. to 12 a.m., when people are bicycling to work. Aldred and Crosweller (2015)
also found that bicyclists making shorter trips reported a lower rate of non-injury incidents and that this
rate fell with increasing age.

Some crashes occur between bicyclists and other vulnerable road users (Chong et al., 2010). In an earlier
study, Graw and Konig (2002) investigated fatal collisions between pedestrians and bicyclists in
Germany. While fatal collisions are rare in this context, Graw and Kénig (2002) found that 97% of the
time the bicyclist was found responsible for the crash. In addition, the severity of the injury stemmed
frequently from the pedestrian falling or hitting the ground. Graw and Konig (2002) also found that the
bicyclists responsible for causing the crashes were younger persons (~ 17 years old), while the victims
of the fatal collision were typically elderly, mainly due to their inability to tolerate trauma.

Acknowledging the rise in electric bicycles, Langford et al. (2015) set out to compare behavior between
regular bicyclists and those using e-bicycles. The main finding from Langford et al.’s (2015) study is
that overall there is no significant difference between the two types of riders. For example, both groups
ride in the opposite direction of traffic roughly 45% of time, along with violating traffic signals at the
similar rate of 70%.

Chong et al. (2010) performed a comparative analysis on the rates of collision and the severity of crashes
between bicyclists and pedestrians and bicycles and motor vehicles. Chong et al. (2010) found there was
a similar proportion of male and female pedestrians injured in collisions with bicyclists. However, most
injured bicyclists were males, with younger men more likely to be injured in collisions between
bicyclists and motor vehicles (Chong et al., 2010). They also found that the age groups most at risk for
hospitalization after a bicycle collision were children younger than 10 and the elderly. ADRID’s (2015)
study on bicycling crashes in Australia found that overall men were four times more likely to be
hospitalized than women. On the other hand, Aldred and Crosweller (2015) found there was no
significant difference between the genders in non-injury bicycle incidents.

Most severe bicycle crashes involve motor vehicles, but most bicycle crashes in general are minor (De
Geus et al., 2012; Schepers and Wolt, 2012). However, there is not much literature that focuses on minor
injury bicycle crashes. This is partially because these crashes are often not reported (De Geus et al.,
2012). De Geus et al. (2012) evaluated the relationship between minor injuries and bicycle crashes in
Belgium. Using a sample of 1,807 bicyclists they found that over a one-year period, 70 study
participants were involved in bicycle crashes, and 68 of them were categorized as minor. Of these 68
crashes De Geus et al. (2012) found that slipping (35%) or collision (19%) were linked with minor
injuries.
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3. DATA

The data in this analysis was provided by the Icelandic Transportation Safety Board (Larusson et al.,
2014). The data contained 3,472 emergency room visits recorded due to bicycle crashes in Iceland in
2005 through 2010. Of these, 114 people went home without an assessment, reducing the sample to
3,358. There were twice as many males (n=2,287) as females (n=1,071) which visited the emergency
room, and there was a significant difference (p<0.05) between the ages for the two groups. The youngest
patient was one year old while the oldest was 95 years old. Helmet use was only recorded in 484 cases,
while for the remaining 2,874 cases it was unrecorded. Even though there were more male patients,
there was no significant difference between the genders tabulated across the three helmet categories
(wearing a helmet, not wearing a helmet, and not recorded). Of the 2,287 males, only 9.6% were marked
as wearing a helmet. Respectively, of the 1,071 females, 8.5% were recorded as wearing a helmet.

Table 1 shows the age distribution of the patients cross-classified with recorded helmet use. Roughly
40% (n=1,347) of the patients were 11-19 years old. Almost 53% of those recorded not having been
wearing a helmet were from this age group. As expected, the smallest age group was patients who were
70 or older (Table 1).

Table 1: The frequency distribution of bicyclist age and helmet use.

Not Wearing

Wearing Helmet Helmet Not Recorded Total
Age Groups N Col % N Col % N Col % N Col %
< 10 (n=748) 106 34.19 26 14.94 616 21.43 748  22.28
11-19 (n=1,347) 100 32.26 92 52.87 1,155 40.19 1,347 40.11
20-29 (n=262) 17 5.48 17 9.77 228 7.93 262 7.8
30-39 (n=313) 29 9.35 16 9.2 268 9.32 313 9.32
40-49 (n=284) 28 9.03 11 6.32 245 8.52 284 8.46
50-59 (n=265) 19 6.13 8 4.6 238 8.28 265 7.89
60-69 (n=101) 9 2.9 4 2.3 88 3.06 101 3.01
70 or older (n=38) 2 0.65 0 0 36 1.25 38 1.13
Total (n=3,358) 310 100 174 100 2,874 100 3,358 100

As the literature indicates, helmet usage can reduce injury severity (Cripton et al., 2014). In this data,
the level of injury was recorded for 3,352 patients. There are six AlS level of injury categories (AlIS1-
AIS6), termed: Minor, Moderate, Serious, Severe, Critical, and Maximum or Unsurvivable. However,
in this sample, there were no fatalities.

To further work with the age categories and simplify cross-classification, the age categories were
regrouped based on frequency and children and teenagers classified into two groups, and adults into two
groups (younger than 10, 11-19, 20-49, and 50 and older). Each age group was further classified into
those recorded as wearing a helmet, not wearing a helmet, and not recorded (NR). The intention of Table
2 was to find if there was an inverse relationship between the level of injury and whether it was recorded
if the patient was wearing a helmet. Table 2 shows that even in cases of severe or critical injury, helmet
use was not always recorded.
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Table 3 identifies where these crashes occurred and the cause of injury. The location of the bicycle
crashes was grouped into fifteen categories (shown in rows in Table 3). These categories were coded in
the data and they are unfortunately a bit vague at times. They even seem to overlap each other. It is
therefore recommended that the location coding be simplified with fewer but more clearly defined codes
that emergency room personnel can more easily determine. There are seven general causes of injury
(shown in columns in Table 3). The cause of injury was recorded for only 2,777 cases.

The number one cause of injury in bicycling crashes in Iceland in 2005-2010 was falling, which is
similar to De Geus’s et al. (2012) result. Falling accounted for nearly 77.8% (n=2,163) of total crashes
and 59.64% (n=1,290) occurred in residential areas. There were 23 cases reported where the crash was
with a pedestrian. Of these 23 cases, 30.43% occurred in driveways, followed by residential areas
(21.74%). For crashes that occurred on urban roads (n=55), 67% were a collision with a moving object.

To examine the relationship between the transportation mode of the party collided with and the AIS
level of injury for the bicyclist, Table 4 was constructed. The other party’s transportation mode was
only recorded 814 times. In almost half (412) of the cases there was no other party. Colliding with a
motor-vehicle occurred in 238 cases.

There were only 17 cases when the injury was serious. Five of these 17 crashes happened when the
cyclist collided with a motor vehicle and another 5 when the other party was riding a bicycle. There
were three cases resulting in severe injury; one with a motor vehicle and two with other bicyclists. There
was one critical injury that did not involve colliding with another.

Still using the AIS level of injury, Table 5 tabulates the AIS body regions involved. Most of the crashes
led to injuries of the pelvis and limbs (n=1,321) and skin (n=1,788). There were two cases recorded with
a critical AIS level of injury. In both cases, the injuries were located on the patient’s abdomen and lower
back.
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Table 2: The distribution of bicyclist age, helmet use, and AlS level of injury.

Minor Moderate Serious Severe Critical Total

N Col % N Col % N Col % N Col % N Col % Col %
Younger than 10
Helmet (n=106) 75 3.29 28 2.74 2 5.13 1 9.09 0 0 3.16
No Helmet (n=26) 17 0.75 8 0.78 1 2.56 0 0 0 0 0.78
NR (n=616) 488  21.41 126 12.34 2 5.13 0 0 0 0 18.38
11-19
Helmet (n=99) 55 241 42 411 2 5.13 0 0 0 0 2.95
No Helmet (n=92) 48 2.11 38 3.72 4 10.26 1 9.09 1 50 2.74
NR (n=1,154) 791 3471 355 34.77 4 10.26 3 27.27 1 50 34.43
20-49
Helmet (n=73) 44 1.93 26 2.55 1 2.56 2 18.18 0 0 2.18
No Helmet (n=44) 25 1.1 17 1.67 1 2.56 1 9.09 0 0 131
NR (n=739) 509 22.33 223 21.84 7 17.95 0 0 0 0 22.05
50 or older
Helmet (n=30) 15 0.66 13 1.27 2 5.13 0 0 0 0 0.89
No Helmet (n=12) 7 0.31 4 0.39 1 2.56 0 0 0 0 0.36
NR (n=361) 205 9 141 13.81 12 30.77 3 27.27 0 0 10.77
Total (n=3,352) 2,279 100 1,021 100 39 100 11 100 2 100 100

NR — Not Recorded.
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Table 3: The crash location and cause of bicyclist injury.

Fall Collision Moving Object  Collision Stat. Object Total

Location N Col % N Col % N Col % Col %

Urban Road (n=55) 15 0.69 37 19.37 1 0.49 1.98
Residential (n=1,548) 1,290 59.64 69 36.13 104 51.23 55.74
Bicycle Path (n=12) 10 0.46 0 0 1 0.49 0.43
Other Roads (n=1) 1 0.05 0 0 0 0 0.04
Sidewalk, Crosswalk (n=53) 28 1.29 15 7.85 6 2.96 191
Driveways (n=453) 344 15.9 33 17.28 47 23.15 16.31
Other Areas (n=153) 96 4.44 8 4.19 3 1.48 5.51
Rural Roads (n=1) 1 0.05 0 0 0 0 0.04
Park (n=56) 42 1.94 5 2.62 3 1.48 2.02
Open Area Outdoors (n=58) 45 2.08 1 0.52 6 2.96 2.09
School, Child Inst., Play Area (n=261) 198 9.15 13 6.81 24 11.82 94
Commercial (n=19) 14 0.65 1 0.52 1 0.49 0.68
Indoors (n=22) 15 0.69 1 0.52 0 0 0.79
Recreational (n=77) 56 2.59 8 4.19 7 3.45 2.77
Industry, Institution (n=8) 8 0.37 0 0 0 0 0.29
Total (n=2,777) 2,163 100 191 100 203 100 100

Pearson y%(84) = 918.67; Pr < 0.001

(Continued)
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Table 3: (Continued) The crash location and cause of bicyclist injury.

Crush, Cut, Pierced,

Collision Person Exertion Collision Other Total
Scraped

Location N Col % N Col % N Col % N Col % Col %

Urban Road (n=55) 1 0.77 0 0 0 0 1 1.64 1.98

Residential (n=1,548) 66 50.77 5 21.74 3 50 11 18.03 55.74
Bicycle Path (n=12) 0 0 1 4.35 0 0 0 0 0.43
Other Roads (n=1) 0 0 0 0 0 0 0 0 0.04
Sidewalk, Crosswalk (n=53) 4 3.08 0 0 0 0 0 0 1.91
Driveways (n=453) 16 12.31 7 30.43 1 16.67 5 8.2 16.31
Other Areas (n=153) 5 3.85 0 0 1 16.67 40 65.57 5.51
Rural Roads (n=1) 0 0 0 0 0 0 0 0 0.04
Park (n=56) 3 2.31 1 4.35 0 0 2 3.28 2.02
Open Area Outdoors (n=58) 4 3.08 1 4.35 1 16.67 0 0 2.09
School, Child Inst., Play Area (n=261) 20 15.38 4 17.39 0 0 2 3.28 9.4
Commercial (n=19) 1 0.77 2 8.7 0 0 0 0 0.68
Indoors (n=22) 6 4.62 0 0 0 0 0 0 0.79
Recreational (n=77) 4 3.08 2 8.7 0 0 0 0 2.77
Industry, Institution (n=8) 0 0 0 0 0 0 0 0 0.29
Total (n=2,777) 130 100 23 100 6 100 61 100 100

Pearson »?(84) = 918.67; Pr < 0.001
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Table 4: Transport mode of the other party involved in the crash and bicyclist AIS level of injury.

Minor Moderate Serious Severe Critical Total
Transport Mode of Col
Other Party N Col % N Col % N Col % N Col % N Col % %
No Other Party (n=412) 248 47.51 157 57.93 6 35.29 0 0 1 100  50.61
Motor Vehicle (n=238) 177 33.91 55 20.3 5 29.41 1 33.33 0 0 29.24
Another bicyclist (n=101) 59 11.3 35 12.92 5 29.41 2 66.67 0 0 12.41
Unknown Transport (n=58) 35 6.7 22 8.12 1 5.88 0 0 0 0 7.13
Pedestrian (n=5) 3 0.57 2 0.74 0 0 0 0 0 0 0.61
Total (n=814) 522 100 271 100 17 100 3 100 1 100 100
Pearson ¢%(16) = 31.076; Pr < 0.05
Table 5: Bicyclist AIS body region and AlS level of injury.
Minor Moderate Serious Severe Critical Total
|
N Col % N Col % N Col % N Col % N Col % Co/c;
Skin (n=1,788) 1,544 67.78 228 22.33 11 28.21 5 45.45 0 0 53.36
Pelvis and Limbs (n=1,321) 614 26.95 689 67.48 17 43.59 1 9.09 0 0 39.42
Head and Neck (n=99) 18 0.79 74 7.25 6 15.38 1 9.09 0 0 2.95
Chest and Spine (n=74) 61 2.68 9 0.88 4 10.26 0 0 0 0 2.21
Abdomen and Lower Back (n=41) 20 0.88 14 1.37 1 2.56 4 36.36 2 100 1.22
Face (n=28) 21 0.92 7 0.69 0 0 0 0 0 0 0.84
Total (n=3,351) 2,278 100 1,021 100 39 100 11 100 2 100 100

Pearson y%(20) = 994.32; Pr < 0.001




4. DISCUSSION AND CONCLUSION

The results show a majority (68%) of the bicycling crashes resulted in minor injuries. This result is
similar to that of de Geus et al. (2012) although they found a higher percentage or 97%. Their assessment
tracked bicyclists for a year and collected data on incidents that did not lead to an emergency room visit
and hence cover many more minor injuries than emergency room records showed in this research.

Half of the crashes occurred in residential areas. City planners should direct efforts that target residential
areas and increase awareness for bicyclists, especially since there is a higher number of younger
bicyclists in residential areas. There were twice as many male patients than women, but the ratio of
bicycle trips made by men to bicycle trips by women has been surveyed to be 3.2 to 1 in the capital area
of Iceland (Personal communication to City of Reykjavik, 2014). This suggests men are somewhat
underrepresented in emergency room visits due to bicycle crashes in Iceland. There was no significant
difference between men and women when comparing helmet usage. Finally, as with other studies, 11—
19 year olds were the most frequent group with a severe AlS level of injury, which is not to say their
crash rate was necessarily the highest since this group is also the one that uses bicycles the most.
However, this is an important group with respect to bicycle safety.

Juhra et al. (2012), who used a combination of police and medical records to analyze bicycle injuries in
Germany, concluded that bicycle crashes may go unreported in police records. Therefore, when studying
bicycle crashes comprehensively, Juhra et al. (2012) recommend combining medical and police records.
Veisten et al. (2007) pointed out that there is nearly complete omission of single-bicycle crashes in
police data. This disguises societal costs and handicaps effective infrastructure improvements. Using
hospital data may be more optimal than solely relying on police records. Our analysis used hospital
emergency room data but not police records. When looking at the bicycle crashes in this data (see Table
4), roughly half of the cases involved no other party (i.e. single-bicycle crashes).

This data is limited in that helmet use was often not recorded. It was therefore not possible to quantify
the safety effect of helmet usage in this study. This limitation may indicate that hospital staff need more
support or standardized approaches to record bicycle crash data and improve data quality. This limitation
grows in importance as bicycle usage in Iceland continues to rise.

Emergency room data has its strengths compared to police recorded data, but also limitations.
Emergency room data do not include all fatal crashes. Also, the recording of non-medical crash data is
not nearly as systematic as in police records. Emergency room personnel do not have the resources,
time, or the framework to investigate the crashes and record data like the police. For example, the coding
of helmet usage is problematic and the crash location coding is too complicated, leading to vague results.
The crash location is not relevant for medical care so it is understandable that emergency room personnel
cannot devote much time to such topics. However, it could prove greatly beneficial for safety research
if emergency room personnel had access to better data collection tools, which are fast and easy to use,
yet improve non-medical, but important, safety data collection.

It is therefore both a benefit and a challenge for transportation engineers and planners to use emergency
room data for analysis. Emergency room data is important for a fuller understanding of bicycle crashes
since most such crashes are not reported to the police. Greater access by researchers to such data is
therefore important.
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