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ABSTRACT
Objective: The objectives of the present article were to (a) describe the main characteristics of
bicycle crashes with regard to the road environment, crash opponent, cyclist, and crash dynamics;
(b) compare individuals who describe their health after the crash as declined with those who
describe their health as not affected; and (c) compare the number of injured cyclists who describe
their health as declined after the crash with the predicted number of permanent medical impair-
ments within the same population.
Methods: A sample of individuals with specific injury diagnoses was drawn from the Swedish
Traffic Accident Data Acquisition (STRADA) database (n¼ 2,678). A survey form was used to collect
additional information about the crash and the health-related outcomes. The predicted number of
impaired individuals was calculated by accumulating the risk for all individuals to sustain at least a
1% permanent medical impairment, based on the injured body region and injury severity.
Results: Nine hundred forty-seven individuals (36%) responded, of whom 44% reported declined
health after the crash. The majority (68%) were injured in single bicycle crashes, 17% in collisions
with motor vehicles, and 11% in collisions with another cyclist or pedestrian. Most single bicycle
crashes related to loss of control (46%), mainly due to skidding on winter surface conditions
(14%), followed by loss of control during braking (6%). There was no significant difference in crash
distribution comparing all crashes with crashes among people with declined health. The predicted
number of impaired individuals (n¼ 427) corresponded well with the number of individuals self-
reporting declined health (n¼ 421).
Conclusions: The types of crashes leading to health loss do not substantially differ from those that
do not result in health loss. Two thirds of injuries leading to health loss occur in single bicycle crashes.
In addition to separating cyclists from motorized traffic, other preventive strategies are needed.
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Introduction

Bicycling for transportation is associated with health benefits
for the individual as well as environment (Hartog et al. 2011).
However, safety concerns are often given as a reason not to
cycle (Manaugh et al. 2017); indeed, cyclists are vulnerable
road users (VRUs) who have higher risk of injury in case of a
crash compared to car occupants. Compared to car occupants,
Swedish cyclists have been reported to have 10 times higher
fatality risk and 20 times higher risk for hospital-reported
injury per million kilometers traveled (Nilsson et al. 2017).

Crashes involving motor vehicles have been reported to
account for a majority of fatal bicyclist crashes (Bil et al.
2016). However, crashes involving motor vehicles are not the
most common crash type among nonfatally injured cyclists.
Among hospital-reported cyclist casualties in Vancouver and

Toronto, collisions with motor vehicles accounted for 34%
(Cripton et al. 2015). Among Swedish hospital-reported
crashes, only 13% involved a motor vehicle, whereas almost
80% were single bicycle crashes (Rizzi et al. 2013).

Injuries from road traffic crashes can be defined and meas-
ured in different ways. In Sweden, permanent medical impair-
ment (PMI) is used to define serious injuries in the road
transport system. The risk of impairment for different body
regions and Abbreviated Injury Scale (AIS) levels is based on an
impairment scale used by Swedish insurance companies (Malm
et al. 2008). This approach makes it possible to directly translate
a risk into a predicted outcome, because it normally takes 3–5
years to determine a final degree of medical impairment. The
degree of impairment is based on the functional reduction
caused by the injury and independent of cause and without
regard to the injured person’s occupation, hobbies, or other

CONTACT Maria Ohlin maria.ohlin@gu.se Department of Food and Nutrition and Sport Science, University of Gothenburg, Box 300, 40530
Gothenburg, Sweden.
Associate Editor Brian D. Stemper oversaw the review of this article.

Supplemental data for this article can be accessed on the publisher’s website.

� 2019 The Author(s). Published with license by Taylor & Francis Group, LLC
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

TRAFFIC INJURY PREVENTION
2019, VOL. 20, NO. 6, 613–618
https://doi.org/10.1080/15389588.2019.1614567

http://crossmark.crossref.org/dialog/?doi=10.1080/15389588.2019.1614567&domain=pdf&date_stamp=2019-08-02
http://orcid.org/0000-0003-1155-3519
https://doi.org/10.1080/15389588.2019.1614567
http://creativecommons.org/licenses/by/4.0/
https://doi.org./10.1080/15389588.2019.1614567
http://www.tandfonline.com


special circumstances (Malm et al. 2008). However, further
research is needed to determine to what extent the predicted
PMI may correspond to a subjective experience of loss of health.

Loss of health from road traffic injuries can also be eval-
uated by taking into account effects on health-related quality
of life (HRQoL). Among cyclists, leg injuries have been asso-
ciated with self-reported long-term problems in HRQoL
(Nhac-Vu et al. 2014; Ohlin et al. 2017). Ohlin et al. (2017)
showed that problems in HRQoL were reported by almost
80% of cyclists with a leg injury. Further, injuries from road
traffic crashes can affect other areas in life, such as a per-
son’s ability to work. In a recent Swedish study among peo-
ple seeking health care after a bicycle crash, it was shown
that injuries to the spine and back, traumatic brain injuries,
and injuries to the leg showed highest risk for sickness
absence �90 days (Ohlin et al. 2018).

Nhac-Vu et al. (2014) and Ohlin et al. (2017, 2018) pro-
vided new insights into the long-term health consequences
of bicyclists’ injuries. However, at the present stage, there is
still limited research on crash circumstances in crashes
involving these nonfatal injuries with a high risk of long-
term health consequences, thus limiting the possibility to
develop effective countermeasure to address such injuries.

The aim of this study was to describe crash characteristics
and circumstances in crashes where cyclists sustained inju-
ries with a high risk of health loss. More specifically, the
objectives of the present article were to

1. Describe the main characteristics of bicycle crashes in
which cyclists sustained injuries with a high risk of
health loss with regard to the road environment, crash
opponent, cyclist, and crash dynamics, allowing for
comparison with all hospital-reported bicycle crashes
that occurred during the same time period.

2. Compare individuals who describe their health after the
crash as declined with those who describe their health
as not affected, with regard to the crash scenarios and
other crash characteristics/circumstances as well as
injury consequences.

3. Compare the number of injured cyclists who describe
their health as declined after the crash with the pre-
dicted number of PMIs within the same population.

Methods

Study design

This cross-sectional study combined hospital-reported data
from the Swedish Traffic Accident Data Acquisition (STRADA)
database with a questionnaire obtaining more detailed informa-
tion regarding the crash and consequences of injuries. STRADA
is a database with national coverage containing information
from police records and emergency care hospitals regarding
road traffic crashes in Sweden. The present study was based
solely on hospital-reported bicycle crashes, because many bicycle
crashes are underreported by the police (Rizzi et al. 2013).

A sample of individuals (aged 15 years of age or older)
injured in bicycle crashes between January 2013 and April

2017 was drawn from STRADA. The sample was based on
specific diagnoses that are common among cyclists reporting
problems in HRQoL and cyclists with sickness absences
�180 days after a bicycle crash (Ohlin et al. 2017, 2018). On
a general level, these diagnoses included fractures to the hip
and upper leg, fractures to the lower leg and ankle, fractures
of the upper arm, fractures and sprains of the shoulder,
traumatic brain injuries (excluding mild concussion), and
fractures and strains to the spine. Table A1 (see online sup-
plement) shows detailed information on the International
Classification of Diseases, 10th Revision diagnoses and the
sampling process (WHO 1993).

A total of 7,641 injured cyclists included in STRADA had
at least one of such diagnosis. These diagnoses were grouped
into different body regions (hip and upper leg, lower leg and
ankle, shoulder and upper arm, spine and back, traumatic
brain injury, multiple). Five hundred individuals with injuries
from each body region were randomized for inclusion, with
the exception of traumatic brain injuries, for which all 325
injured persons were included. Among the randomized sam-
ple (n¼ 2,825), postal information was available for 2,678
individuals who were invited to participate in the study. The
questionnaires, together with an explanatory letter, were sent
in late November/early December 2017 and subsequent
reminders were sent in mid-January 2018.

The questionnaire contained 6 different sections with ques-
tions related to traffic habits, personal circumstances, road
environment, crash sequence, factors contributing to the
crash, and injuries. In total, the questionnaire contained 39
multiple-choice questions and most questions included a free-
text option. In one specific question, respondents were asked
to explain in their own words how the crash occurred and
how they were injured. Further details regarding the ques-
tionnaire can be obtained from the corresponding author.
Ethics approval for the study was obtained by the local ethical
review board in Gothenburg, Sweden (dnr 679-17).

Data analysis

Objective 1
Crashes were classified based on the crash circumstances;
for example, depending on the collision opponent (if any),
road environment, and other circumstances (e.g., road sur-
face condition, braking prior to collision, etc.). Crash types
involving passenger cars were grouped as illustrated in
Figure A1 (see online supplement). Bicycle lanes (i.e., a por-
tion of the roadway delimited by stripes or colored pave-
ment for the preferential or exclusive use of bicyclists) were
not considered as designated bicycle infrastructure. Because
sampling was made from injury groups of different sizes,
the crash types were weighted to match how the injuries
were represented in STRADA. This was done by dividing
the number of included cases for each body region by the
corresponding number of that body region in STRADA
from which the sample was drawn, multiplied by the inverse
proportion of included cases (see Table A1).

A comparison between the crashes included in the study
and all hospital-reported bicycle crashes that occurred
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during the same time period was conducted. This was done
in order to understand whether and how the study popula-
tion differs compared to all bicycle crashes reported to
emergency care hospitals during the same time period.
Information on age, sex, type of crash, and helmet use was
obtained for all crashes reported in STRADA that occurred
between January 2013 and April 2017, including the crashes
among the present study population.

Objective 2
A question regarding how respondents describe their present
health status compared to before the crash was used to iden-
tify people with and without declined health after the crash.
Those reporting “much poorer” (n¼ 99) or “poorer”
(n¼ 322) health were categorized as “individuals with
declined health” (n¼ 421). Those reporting “about the same”
(n¼ 467) or “better” (n¼ 44) health or who did not respond
to the question (n¼ 15) were categorized as “individuals with
non-affected health” (n¼ 526). Comparisons between these 2
groups were made regarding traffic habits, personal circum-
stances related to the crash, road environment, crash type,
injured body region, sickness absence, need for rehabilitation,
and whether the injury kept them from continuing to cycle.
A separate analysis was carried out regarding the speed of the
motor vehicle as reported by the cyclist.

Objective 3
The predicted number of impaired individuals (PMI) was
calculated by accumulating the risk for all individuals to sus-
tain at least a 1% permanent medical impairment compared
to the number of individuals rating their health as declined
after the crash (n¼ 421).

The risk of PMI (RPMI) was developed to estimate the
risk of a patient suffering a certain level of PMI based on the
injury location and AIS severity (Malm et al. 2008). The risk
is derived from risk matrices based on the location and sever-
ity of the injury for 1%þ and 10%þ medical impairment (see
Table A2, online supplement). RPMI can refer to specific
injuries (body regions) but can also be calculated for one
individual with several injuries (overall RPMI) according to
Eq. (1), where n is the number of injured body regions and
risk is the risk for each body region according to the risk
matrices in Table A2. In this study, both approaches were
used. In cases where the individual had more than one of the
included diagnoses (i.e., belonged to the “multiple” category),
that person’s overall RPMI was used. The predicted number
of impaired individuals within the population was calculated
by accumulating all individuals’ risks according to Eq. (2),
where m is the total number of individuals. An illustrative
example of this could be 2 individuals, one with an AIS 3
cervical spine injury (RPMI1þ ¼ 80%) and the other with an
AIS 2 lower extremity injury (RPMI 1þ ¼ 50%). Together
these will result in 0.8þ 0.5¼ 1.3 PMI.

RPMI ¼ 1� 1�risk1ð Þ � 1�risk2ð Þ � � � � � 1� risknð Þ (1)

PMI ¼ RPMI1 þ RPMI2 þ � � � þ RPMIm: (2)

Finally, a comparison was made between respondents
and nonrespondents with regard to age, gender, crash type,
year of crash, Maximum Abbreviated Injury Scale, and over-
all RPMI1þ and 10þ.

In all comparisons, chi-square tests with a 95% signifi-
cance level were used to test for statistical significance. For
example, the difference in distribution of gender among
people with declined health and people without declined
health was tested in a 2� 2 contingency table with chi-
square statistics in Excel. The P value is presented when a
statistically significant difference is found.

Results

Sample overview

In total, 964 individuals answered the survey, and 947 were
included in the analysis. The overall response rate was 36%
and did not differ significantly across the different injured
body regions (Table 1). As many as 94% reported cycling
regularly (at least once a week). Most crashes occurred dur-
ing leisure-time cycling (48%) or cycling to or from work
(38%; Table A3, see online supplement). A majority of
crashes occurred during the daytime and, most often, the
traffic environment at the time of the crash was perceived as
calm. Most crashes occurred on shared bicycle paths; that is,
paths shared by cyclists and pedestrians where motor
vehicles are not allowed (35%). In total 53% of crashes
occurred on some type of designated bicycle infrastructure
(e.g., bicycle paths and lanes), 24% occurred on local streets,
and 15% occurred on rural roads. Fifty-one percent reported
a sickness absence after the crash, and as many as 64%
needed some type of rehabilitation (e.g., physical therapy or
medical treatment) for their injury. Table A3 displays fur-
ther crash-related variables, divided by individuals with
declined health and individuals with non-affected health.

Objective 1: Crash scenarios, crash characteristics, and
comparison with all bicycle crashes

Figure 1 shows the weighted schematic illustration of the crash
scenarios, including the distribution of crashes for people with
declined health. The majority (68%) were single bicycle
crashes, 17% were collisions with motor vehicles, and 11%
were collisions with another cyclist or pedestrian. Of the
crashes with motor vehicles, almost all involved passenger cars.

The most common type of crash involving a passenger
car occurred on a bicycle crossing (4% of all crashes, cross-
ing 2; see Figure A1). The second most common were
crashes occurring in 4-way junctions (3% of all crashes,
crossing 1) and crashes where the car crossed a bicycle
crossing while turning (2%, turning 2). These 3 crash types
accounted for 55% of all crashes involving a passenger car.
Forty-nine percent of crashes involving motor vehicles
occurred while the cyclist was cycling on designated cycling
infrastructure (e.g., on bicycle crossings or bicycle paths).
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Collisions with other VRUs (11%) were mostly collisions
involving another cyclist (9%), most commonly in a head-
on crash (3%).

Most of the single bicycle crashes were related to some
type of loss of control (46%), mainly due to skidding on win-
ter surface conditions (14%), followed by loss of control dur-
ing braking (6%) and loss of balance at no or low speed (5%)
and skidding on gravel (5%). Collisions with stationary
objects mainly involved curbstones where falls occurred both
while cycling into a curbstone (e.g., trying to cross it or unin-
tentionally drifting into the curbstone) or descending across a
curbstone. Six percent of the crashes occurred due to road
surface conditions; for example, potholes or uneven surface.

The analysis showed no statistically significant differences
in the crash distribution comparing all crashes with crashes
among people with declined health.

Table A4 (see online supplement) shows the distribution
of age, sex, crash type, and helmet use for all crashes reported
in STRADA during January 2013 and April 2017, compared
to the crashes included in the present study. This comparison
showed that the present study included a higher proportion
of people above the age of 55, as well as a lower proportion

of people 15–25 years of age. There is also a slight overrepre-
sentation of women and underrepresentation of men com-
pared to STRADA (P ¼ .02). Compared to single bicycle
crashes, crashes involving motor vehicles are also overrepre-
sented in the present study (19% compared to 11%; P < .01).
Further, the rate of helmet use was slightly higher in the
study population (47% compared to 40% in STRADA; P ¼
.03). The mean overall RPMI1þ was 46% in the study popu-
lation, compared to 19% in STRADA, which indicates that
more severe injuries were included in the present study.

Objective 2: Comparison between individuals with
declined health and individuals with non-
affected health

Overall, 44% of respondents experienced declined health
after the crash. However, this number differed between
crash types. Seventy-eight percent experienced declined
health after a collision with a heavy vehicle (i.e., a heavy
goods vehicle or bus), compared to 45% among individuals
hit by a passenger car. In a collision with another VRU, it
was more common to experience declined health if the

Total N (weighted)  = 7 720 
n with declined health (weighted) = 3 179) 

Collision with MV  
17% (18%)  

Other cyclist 
9% (8%) 

Other/unknown  
3% (2%) 

Passenger car 
17% (17%) 

Other MV 
0% (1%) 

Heavy vehicle 
0% (1%) 

Bicycle crossing (Crossing 2)                             4% (4%) 
Crossing, car bullet (Crossing 1)                             3% (2%) 
Car turning over a bicycle crossing (Turning 2)       2% (2%) 
Jostled by car  (Overtaking)                                    1% (1%) 
Car left turn (Turning 3)                                           1% (1%) 
Car crossing bicycle path from exit (Turning 6)      1% (1%) 
Car U-turn (Turning 1)                                 1% (1%) 
Rear-end by car (Rear-end 1)                             1% (0%) 
Car crossing bicycle path to entrance (Turning 5)    0% (1%) 
Crossing, cyclist bullet (Turning 7) 0% (1%)       
Rear-end into car (Rear-end 2)  0% (0%) 
Cyclist left turn, car straight ahead  (Turning 4)       0% (0%) 
Stationary car/car door                            1% (1%) 
Other/unknown                             1% (1%)  
 

Head on  2% (2%) 
Crossing  1% (2%) 
Rear-end     2% (1%) 
Turning  1% (1%) 
Overtaking  1% (1%) 
Domino  1% (1%) 
Other  0% (0%) 

Curbstone   7% (6%) 
Roadblock   1% (0%) 
Post/fence/railing 1% (0%) 
Other   1% (1%) 
Large rock   0% (1%) 

Pedestrian  
3% (1%)  

Single  
68% (70%) 

Skidding on ice/snow   14% (11%) 
LoC during braking     6% (7%) 
Lost balance in no or low speed       5% (6%) 
Skidding on gravel    5% (6%) 
Something caught in chain or wheel 4% (5%) 
Caught in a track      4% (3%) 
LoC during evasive maneuver      3% (4%) 
Getting on/off the bike     2% (2%) 
Skidding on other slippery surface    2% (2%) 
Technical failure                                1% (1%) 
Skidding on wet leafs     1% (1%) 

Pot hole      3% (2%) 
Small stones      2% (1%) 
Uneven surface       1% (1%) 
Road hump       0% (0%) 

Collision with 
stationary object 

10% (8%) 

Collision with temporary  
object on the road  

2% (3%) 

Loss of control 
46% (46%)  

Road surface 
6% (5%) 

Other/unknown 
4% (9%) 

Collision with other VRU 
11% (9%) 

(%) distribution of 
crashes with declined 
health 

Figure 1. Grouping of weighted crash types and specific characteristics. MV¼motor vehicle, VRU¼ vulnerable road user, LoC¼ loss of control. Weighting based on
total N¼ 947 according to multiplication factors in Table A1.

Table 1. Number of included diagnoses in STRADA, number of individuals receiving the survey, response rate, number of people with declined health, number
of predicted PMI, and percentage who continued cycling to the same extent divided by injured body region.

Body regiona
STRADA 2013–May

2017 (at least 15 years old)
Available information

on address
Response rate,

n (%)
Included in
analysisb

Number with
declined health PMI1þ

% Continued cycling
to same extent

Hip and upper leg 665 454 166 (37) 164 85 95 54
Lower leg and ankle 1,100 476 164 (34) 161 79 81 59
Shoulder and upper arm 325 307 165 (34) 163 62 54 70
Spine and back 3,693 485 158 (32) 155 44 50 73
Traumatic brain injury 1,149 487 115 (37) 113 52 39 59
Multiple 709 469 196 (42) 191 99 108 51
Total 7,641 2,675 964 (36) 947 421 427 61
aSee specific injury diagnoses in Table A1.
bExclusion was due to substantial missing information in the survey form and crashes not occurring on public roads (n¼ 17).
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opponent was another bicycle (43%) compared to a pedes-
trian (35%). In single bicycle crashes, a large share (68%)
experienced declined health after a collision with a tempor-
ary object on the road. In 12 of these 19 cases, the tempor-
ary object was related to some type of roadwork. However,
none of these results were statistically significant.

Fifty percent of the cyclists reported the speed of the motor
vehicle as<30 km/h (Table 2). Only in one case did the respond-
ent describe having been overrun, not hit, by a motor vehicle.
Results indicate a linear increase in percentage of participants
with declined health with increased speed of the motor vehicle,
from 21% at speeds<10 m/h to 67% at speeds>40km/h.

Spine and back injuries had a lower proportion of
declined health compared to all other body regions (P <
.01). In addition, those with declined health more often
reported sickness absence as well as a need for rehabilitation
(P < .01; see Table A5, online supplement). Forty-three per-
cent of individuals experiencing declined health continued
cycling to the same extent after the crash, compared to 74%
among those whose health had not been affected (P < .01;
Table 1). The distribution of injured body regions in Table
1 shows that those with upper body (shoulder and upper
arm, spine and back) injuries more often continued cycling
compared to those with leg or head injuries or those who
suffered multiple injuries (P < .01).

Objective 3: Predicted number of individuals with
permanent medical impairment

The predicted number of impaired individuals (PMI1þ) was
calculated to be 427. This figure corresponded rather well to
the number of individuals experiencing declined health
(n¼ 421). The predicted number of impaired individuals was
most accurate among those with lower leg injuries and least
accurate among those with traumatic brain injuries (Table 1).

Discussion

This study combined Swedish hospital-reported data with a
questionnaire obtaining detailed information regarding crash
characteristics and injury outcomes in crashes in which bicy-
clists sustained injuries with a high risk of health loss. Results
showed that a slightly larger share of motor vehicles were
involved in the crashes included in the present study, com-
pared to all injured cyclists in Sweden during the same period.
This finding is in line with previous research indicating that
crashes involving motor vehicles result in more severe injuries
among cyclists (Cripton et al. 2015; Hamann and Peek-Asa

2013). However, it was shown that the crash distribution did
not significantly differ between those with declined health and
those whose health was not affected. This indicates that the
types of crashes leading to health loss do not substantially dif-
fer from those that do not result in health loss.

According to the Vision Zero design principles, VRUs
should not be exposed to motorized vehicles at speeds exceed-
ing 30 km/h in order to avoid fatal injuries (Johansson 2009).
However, a recent study has suggested that 30 km/h might not
be sufficiently low to prevent severe injuries among pedes-
trians (Kr€oyer 2015). Results from the present study suggest
that this hypothesis might be correct for cyclists as well,
because in 50% of crashes with motor vehicles the speed of the
motor vehicle was reported to be below 30 km/h. Because the
cyclist who was injured in the crash reported this information,
it may not be as reliable as an objective measure of speed.

Though a slightly higher share of crashes involving motor
vehicles was found when comparing the present sample with all
crashes during the same period, the majority (68%) of crashes
were still single bicycle crashes, which is slightly lower but simi-
lar to other studies of bicycle crashes in Sweden reported in
STRADA. For example, Rizzi et al. (2013) reported that 77% of
all bicycle crashes in Sweden from 2002 to 2013 were single
bicycle crashes. Similarly, Niska and Eriksson (2013) reported
that 78% of bicycle crashes were single bicycle crashes. In The
Netherlands, 50% of the total burden of serious road traffic
injuries (Maximum Abbreviated Injury Scale 2þ) in 2011 were
attributed to bicycle crashes without motor vehicle involve-
ment, which is an increase compared to 30% in 2000
(Weijermars et al. 2016). Similar to The Netherlands, among
injured cyclists admitted to hospital following a bicycle crash in
Victoria, Australia, 56% were reported as being injured in sin-
gle bicycle crashes (Beck et al. 2016). Compared to other coun-
tries, Sweden has a higher share of single bicycle crashes.
Recent studies of fatal bicycle crashes in Australia and The
Netherlands show an increasing trend of fatal bicycle crashes
without motor vehicle involvement (Boufous and Olivier 2016;
Schepers et al. 2017). Clearly, a focus on improving safety for
cyclists in single-vehicle scenarios is needed.

Many of the single bicycle crashes were caused by ice or
snow on the road surface. This is in line with a previous
study from Sweden, in which 44% of single bicycle crashes
were reported to be related to poor road maintenance (e.g.,
roads covered with ice or snow, or rolling gravel; Niska and
Eriksson 2013). A large share of single bicycle crashes could
therefore be prevented with effective deicing and plowing of
bicycle infrastructure. In the present study, loss of control
during braking was also found to be rather common, which
suggests that antilock braking systems for bicycles could
improve safety. Many of the single bicycle crashes were
related to infrastructure, mainly to curbstones. The visibility
of bicycle infrastructure is an important aspect in single
bicycle crashes (Schepers and den Brinker 2011). Further,
many injuries resulted from falls at low speeds or while
mounting or dismounting the bicycle (14% of single
crashes). For falls that occur while mounting or dismounting
the bicycle, improved stability of the bicycle can be

Table 2. Grouped speed of the motor vehicle as reported by the cyclist and
percentage with declined health.

Speed N (%) % with declined health health

<10 km/h 14 (8) 21
10–20 km/h 47 (26) 30
20–30 km/h 29 (16) 41
30–40 km/h 17 (9) 59
>40 km/h 33 (18) 67
n/a 39 (22) 51
Total 179 (100) 45
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beneficial (e.g., a tricycle), and the mounting technique used
by the cyclist is also of importance (Twisk et al. 2017).

The predicted number of PMIs corresponded well to the
number of respondents with declined health after the crash.
Medical impairment is based on the functional reduction
caused by an injury and does not take into account other
circumstances—for example, occupation or hobbies.
However, despite the differences in how medical impairment
defines health loss, compared to a person’s own experience,
RPMI seems to perform well in predicting the number of
people experiencing loss of health, at least in a population
with a high overall RPMI1þ (the mean overall RPMI1þ in
the present study was 46%, compared to 19% in STRADA).
Because the predicted number of PMIs is simply a sum of
many individual risks, it can never identify specific individu-
als who will have a PMI. Therefore, it is well understood
that the predicted number of PMIs is a fictive population,
rather than actual individuals. Therefore, the present study
could not verify whether the respondents with declined
health would also have PMI. This remaining question of
how degree of medical impairment correlates with perceived
health loss should be investigated in future studies.

There are some limitations that should be considered.
Because among those included in the sample the time since the
injury varied, some people were likely still recovering. If the
percentage of people reporting declined health had been the
same among those with a more recent injury as among those
injured 4–5 years earlier, a total of 406 people (instead of 421)
would have reported declined health. Further, the response rate
was relatively low (36%) and was lower among those aged �25
years (18%) and those whose crashes occurred during
2013–2014 (28%; Table A6, see online supplement). However,
the response rate was similar for men and women (35 and 37%,
respectively) and across different inured body regions (Table
1). See Table A7 (online supplement) for further details and
comparison between respondents and nonrespondents. As
Table A8 (see online supplement) shows, collisions with motor
vehicles are less common (16 vs. 19%) and single bicycle
crashes are more common (76 vs. 70%) for nonrespondents
and respondents, respectively. This indicates that had the
response rate been 100%, a slightly larger share of crashes
would be single bicycle crashes.

In conclusion, the present article identified a number of
important issues to be considered by future research as well
as by road authorities. Though bicycle safety has tradition-
ally focused on helmets and on separating cyclists from
motorized traffic, this study highlights that a large share of
single bicycle crashes led to loss of health. Therefore, other
preventive strategies are needed as well.
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