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Increased injury severity and hospitalization
rates following crashes with e-bikes
versus conventional bicycles: an observational
cohort study from a regional level Il trauma
center in Switzerland
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Abstract

Background: As electric bicycles (e-bikes) become increasingly popular, reports of injuries associated with e-bike
usage are also rising. Patterns, characteristics, and severity of injuries following e-bike crashes need further investiga-
tion, particularly in contrast to injuries from conventional bicycle crashes.

Methods: This prospective observational study included 82 patients treated at a Level Il trauma center for injuries
resulting from an electric or conventional bicycle crash. Data were collected over one year (05.09.2017-19.09.2018)
during in- and outpatient visits. A study-specific case report form was used to identify the bicycle type, cycling behav-
ior (e.g., use of a helmet, safety gear, alcohol), and circumstances of the crash (e.g., road conditions, speed, cause of
the incident, time of day, season). Additional information about patient demographics, treatment, and injury char-
acteristics, such as the Injury Severity Score (ISS) and body region injured, were documented. Results were analyzed
using chi-square, Fisher's exact, or Wilcoxon tests. Simple logistic or linear regression models were used to estimate
associations.

Results: Of the 82 patients, 56 (67%) were riding a conventional bike and 27 (33%) were using an e-bike. Most inci-
dents were either single-bicycle crashes (66%) or automobile collisions (26%), with no notable difference in preva-
lence rates between groups. Although a higher proportion of conventional bikers were male (67% vs. 48%), the dif-
ference was not significant. E-bikers were older (median 60years (IQR 44-70) vs. 45 years (IQR 32-62); p=0.008), were
hospitalized more often (48% vs. 24%, p=0.025), and had worse ISS (median 3 (IQR 2-4) vs. 1 (IQR 1-3), p<0.001),
respectively. Body regions most affected were the extremities (78%) and external/skin (46%), and these were distrib-
uted similarly in both groups. Concomitant injury patterns of the thorax/chest with external/skin were higher among
e-bikers (p <0.001). When we controlled for the difference in the median age of the two groups, only the injury sever-
ity score of e-bikers remained significantly worse.
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Conclusions: Hospitalization and chest trauma rates were higher among e-bikers. After controlling for the older age
of this group, the severity of their injuries remained worse than in conventional cyclists. Initial clinical assessments at
trauma units should include an evaluation of the thorax/chest, particularly among elderly e-bikers.

Level of evidence: Level lll.
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Background

Electric-assisted bicycles (e-bikes) are gaining popular-
ity in Switzerland. In terms of overall sales, 2020 was
the most profitable year in the Swiss bicycle indus-
try’s history, with one-third of sales being e-bikes [1, 2].
This increasing trend in e-bike usage is also happening
in other parts of the world - an estimated 466 million
e-bikes were in use in 2016 [1].

E-bikes have a small electric motor that can be inte-
grated as a hub motor (at the front or rear wheel) or
a mid-drive motor (into the crank near the pedals).
Although the types (class categories) of e-bikes vary, the
maximum speed (with pedal assistance) ranges from 32
to 45km/hour [3], and they are approximately 40-50%
heavier than traditional bikes (18-22kg vs. 12-13kg).
Despite its convenience, particularly for elderly riders,
the electric-powered bicycle presents a potential safety
challenge for public health. Several studies have found an
increase in non-fatal and fatal injuries related to e-bike
crashes [4—8]. Conversely, other studies that assessed
injury severity did not find that e-bikers had significantly
more crashes or severe injuries [9-12]. Further investiga-
tions on injury patterns and characteristics of these road
traffic incidents are needed [1, 12].

Our study aimed to describe the circumstances of
crashes occurring while riding a conventional or electric
bicycle that resulted in injuries warranting either in- or
outpatient care. Furthermore, we aimed to identify and
compare the cyclists’ behavior, injury patterns (severity,
type, and treatment required), and patient characteristics
potentially associated with a higher risk of morbidity.

Methods

Study design and participants

This observational study was approved by the local eth-
ics committee (Canton Thurgau; Nr. 2017-01946), and
written consent was obtained from all participants. The
study was conducted in accordance with the Declaration
of Helsinki. It was carried out over one year (05.09.2017—
17.09.2018) and included bicycle crash patients treated at
in- or outpatient units of a Level II trauma center in the
northeastern region of Switzerland. The trauma center
is part of the Thurgau cantonal hospital system serv-
ing a population of approximately 273,800 inhabitants
(Swiss Federal Statistical Office, 2017). A predominantly

agricultural region, the elevation of the canton ranges
from 368 to 991 m above sea level.

We enrolled patients over an entire calendar year to
detect seasonal differences. German-speaking patients
16years and older who crashed on either a conven-
tional or electric bicycle were assessed for inclusion. Any
patient with a genetic disorder affecting the musculoskel-
etal system, a cognitive disorder, or an oncologic disease
was excluded. In addition, we excluded pedestrians hit by
a bicycle or anyone involved in a motorcycle crash.

We assessed for inclusion 105 cyclists who sought med-
ical attention at our center. Twenty-one were excluded
because they were under 16 years of age and two refused
to participate. Therefore, a total of 82 patients were
included in our analysis, of which 61% were male (n =50)
and 39% were female (n = 32).

Outcomes

All patients were treated according to hospital guidelines.
Data were collected at the initial point of care only; no
additional follow-up information was obtained as most
patients sought follow-up care, when needed, from their
primary care physicians. In addition to documenting the
patient’s medical history, a questionnaire (paper) was
administered to the patient by a trained staff member.
Variables collected on this form were as follows: the cause
of injury (e.g., single-bicycle crash, collision with a pedes-
trian or a motor vehicle), environmental circumstances
(e.g., weather/road conditions, time of day/year), the use
of safety clothing/gear, use of drugs or alcohol at the time
of the incident, and the estimated speed at the time of the
crash. As part of the routine medical exam, the follow-
ing information was documented in the patient’s medi-
cal records: age, gender, date of the incident/visit, need
for and length of hospitalization, treatment required, and
medical diagnosis classifications (according to the Inter-
national Classification of Diseases, 9th revision, Clinical
Modification — ICD-9-CM).

Associated injuries were documented for six body
regions (head/neck [including cervical spine], face
[including facial skeleton, nose, mouth eyes, and ears]
thorax/chest [including thoracic spine and diaphragm],
abdomen or pelvic contents [including abdominal
organs and lumbar spine], extremities and pelvic gir-
dle [including pelvic skeleton], external/skin [including
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lacerations, contusions, abrasions]). Patient injuries
were further categorized based on their injury severity
score (ISS) [13], with scores ranging from 0 to 75 (best
to worst). Serious injury was defined as ISS>9 and
severe injury was ISS > 16.

Statistical analysis

Continuous variables were summarized based on nor-
mality tests (Shapiro-Wilks) - mean with standard
deviation (£SD) or median (interquartile range IQR).
Categorical variables were presented as frequency and
percentages, and comparisons between groups were
done with either chi-square or Fisher’s exact tests. Wil-
coxon rank-sum tests were used for comparing contin-
uous variables between groups. For binary outcomes,
we used simple logistic regression to test the asso-
ciation of an independent variable, and for continuous
dependent variables we tested associations using sim-
ple linear regression. The significance level was set at
p<0.05. All tests were conducted in Stata version 15.1
(Stata Corporation, College Station, TX, USA). We
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used a convenience sample of all consecutive patients
treated over one calendar year.

Results

After applying the exclusion criteria to a cohort of 105
consecutive patients who had a bicycle accident during
the study period, a total of 82 patients were included in
this study. Of these, 55 patients (67%) were riding a con-
ventional bicycle at the time of the incident and 27 (33%)
were operating an e-bike. The median age of the entire
cohort was 51years (IQR 33-64), with a range of 16 to
84years. Table 1 presents patient demographics, cycling
behavior, and injury-related factors grouped according
to bicycle type. The most notable difference was that the
e-bikers were significantly older than the conventional
bikers.

Hospitalization rates and injury severity

There was a significantly higher need for hospitalization
among the e-bikers than conventional bikers (13 (48%) vs.
13 (24%), p=10.025). However, while the median length of
the hospitalization was longer among the e-bikers, it was

Table 1 Characteristics of patients, cycling behavior, and accident-related factors according to bicycle type

Conventional bike Electric bike p-value
(n = 55) (n = 27)

Male 37 (67%) 13 (48%) 0.095
Age at time of accident (years)? 45 (32-62) 60 (44-70) 0.008
Helmet use 38 (69%) 17 (63%) 0.825
Alcohol or drug use 8 (15%) 5(19%) 0.434
Prescription drug use 12 (22%) 11 (41%) 0.127
Frequency of rides per week 4(2-7) 54-7) 0.184
Estimated number of hours riding per week?® 3501-7) 4 (2-8) 0337
Cause of accident 0.227

Single-bicycle (fell/thrown from bicycle) 36 (65%) 18 (66%)

Collision with motor vehicle 13 (24%) 8 (30%)

Collision with pedestrian 0 1 (4%)

Other (e.g,, collision with stationary object) 6 (7.3%) 0
Estimated speed at time of accident (km/hour)? 16 (10-20) 15 (10-23) 0.959
Season 0436

January-March 4(7%) 0

April-June 25 (45%) 10 (37%)

July-September 19 (35%) 12 (44%)

October-December 7 (13%) 5(19%)
Wet or snowy road conditions 6 (11%) 2 (7%) 0.999
Time of crash 0.273

00:01-00:06:00 4 (7%) 1 (4%)

06:01-00:12:00 16 (29%) 10 (37%)

12:01-00:18:00 22 (40%) 14 (52%)

18:01-00:00:00 13 (24%) 2 (7%)

2 Data presented as median (interquartile range) were tested with Wilcoxon ranked sum; Fisher’s exact or chi-square tests used for categorical data; significance level

setat <0.05
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not statistically significant (e-bike 3days (IQR 2-4) vs.
conventional bike 1day (IQR 1-3), p=0.133). Likewise,
the need for surgical intervention was higher among
e-bikers but not significantly different (e-bike 11 (41%) vs.
conventional bike 16 (29%), p =0.291).

Regarding the severity of the injuries sustained, the
median ISS was worse among the e-bikers than conven-
tional bikers (3 (IQR 2-4) vs. 1 (IQR 1-2), p<0.001).
Nevertheless, the median score of the entire cohort was
relatively low (2 (IQR1-4); range 1-16). Only one patient
in the conventional bike group had a score above 9, and
one patient in the e-bike group had a score of 16. Table 2
presents the distribution of injuries by ISS body region.
The majority of the cohort (n=50, 61%) sustained inju-
ries to more than one body part; however, no significant
difference was found between the groups (e-bikers 67%
vs. conventional bikers 58%, p =0.483). The body region
most frequently injured in the entire cohort was extremi-
ties (78%), followed by external injuries (skin) (46%).

When analyzing concomitant injuries, we found that
thorax/chest injuries together with external/skin inju-
ries were significantly higher among the e-bikers (22%
vs. none, p <0.001). No other combination of injury types
was significantly different between the groups. The most
frequent concomitant injury patterns in the conventional
bike group were as follows: extremity with external/skin
(38%, n=21), head/neck with face (13%, n="7), and head/
neck with thorax/chest (11%, n=6). In the e-bike group,
the most common patterns were the following: extremity
with external/skin (63%, n=17), thorax/chest with exter-
nal/skin (22%, n=6), and head/neck with external/skin
(18.5%, n=>5).

Results from simple logistic regression with the out-
come (y) need for hospitalization and predictor (x) age
indicated an association [OR=1.01, 95%CI=1.01-
1.06, p=0.039]. However, when we did simple lin-
ear regression with ISS as the outcome and used the
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same predictor variable, no association was detected
[B=0.014, F(1,78) =2.44, p=0.122, R>=0.0304], indicat-
ing that the older age of the e-bike group was unlikely to
confound our findings that more severe injuries occurred
in patients who had operated an e-bike.

Discussion

Our study included data from crashes while riding a con-
ventional or electric bicycle, resulting in an injury war-
ranting either in- or outpatient care at a Level II trauma
center. We identified and compared cyclists’ behavior,
injury patterns (severity, type, and treatment required),
and patient characteristics of these two groups. Overall,
the severity of injuries was low, and the cause of most
incidents was a single bicycle crash. The people riding an
e-bike were older, had a higher rate of injury to multiple
body parts, were more likely to be admitted to the hospi-
tal, and had a higher rate of concomitant chest injuries.
After adjusting for the age difference between groups,
only the severity of the injuries was significantly worse
among the e-bikers.

Although several earlier studies reported similar find-
ings concerning higher injury severity among e-bikers [9,
11, 14-17], little to no difference in the severity of inju-
ries between the groups was detected in other studies
[10, 11, 18, 19]. A positive correlation has been observed
between increasing age and injury severity in e-bikers
[11, 20-22]. Furthermore, Verstappen et al. and Sporri
et al. reported that e-bikers were not only older but had
more comorbidities than conventional bikers [17, 18].
In our study, the type of care provided at our institution
(Level II trauma center) limited the extent and severity of
the cases included in the analysis. More severely injured
patients, including those with traumatic brain injuries
(TBI), would have been diverted to higher-level facili-
ties for specialized care. Although we may have missed
opportunities to assess more severe injury types such as

Table 2 Distribution of injuries by Injury Severity Score (ISS) body region according to bicycle type

ISS body region Total Conventional bike Electric bike p-value?
(n=82) (n=55) (n=27)
Head / neck 18 (22%) 12 (22%) 6 (22%) 0.999
Face 14 (17%) 10 (18%) 4 (15%) 0.999
Thorax / chest 20 (24%) 10 (18%) 10 (37%) 0.099
Abdomen 5 (6%) 4(7%) 1 (4%) 0.099
Extremities 64 (78%) 44 (80%) 20 (74%) 0.578
External (skin) 38 (46%) 21 (38%) 17 (63%) 0.058
1 body region injured 32 (39%) 23 (42%) 9 (33%) 0483
2 body regions injured 32 (39%) 22 (40%) 10 (37%) 0.999
>3 body regions injured 18 (22%) 10 (18%) 8 (30%) 0.266

2 Fisher’s exact test; significance level set at <0.05
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TBI, our comparison had the advantage of concentrating
on a subset of mild-to-moderate injuries.

The literature about injury distribution among e-bikers
is somewhat limited and often based on small case series
[4, 6,11, 12, 23]. Verstappen et al. also found a higher rate
of chest and soft tissue injuries in e-bikers [18]. Further
investigations into plausible causes of chest and thoracic
trauma are warranted. Although only speculative, this
finding in our cohort may be associated with a slower
reaction time of older e-bikers. Regardless of the cause,
protective clothing may help prevent or lessen the sever-
ity of injuries to the chest. We also found high rates of
injuries to the skin, which could also be attributed to
the older age of the e-biker group; however, other stud-
ies found significantly higher injury rates to the upper
extremities only [24, 25].

A multitude of factors may be contributing to the
types of injury patterns of e-bikers. Although the lead-
ing cause of the incidents (single bicycle crash) was the
same for our two bicycle groups, the weight of the elec-
tronic bicycle with the heavy battery [26] may play a role
in the extent of the injury. We did not ask patients about
their perceived ability or comfort in operating an e-bike.
However, reduced muscle mass associated with older age
[27] can negatively impact a rider’s strength and ability
to brace for impact in the event of a crash. Future stud-
ies should assess whether riders’ experience level is more
likely to lead to severe injuries than their physical limi-
tations. Given the potentially high speed and increased
weight of an e-bike, proof of one’s ability to maneuver
and operate an electric-powered bicycle through licen-
sure may be recommended.

Our study had some limitations. First, we collected
data from a convenience sample of consecutive patients
seen at a Level II trauma center over one calendar year.
No power analysis was done to determine a sample size
large enough to detect differences in the groups. Con-
sequently, we had an imbalanced distribution in our
cohort. Nevertheless, the relatively small number in
the e-bike group was proportional to e-bike usage in
the geographical region and time the study was car-
ried out. Second, although we used prescription drug
use as a proxy for health status at the time of the inci-
dent, other types of baseline indicators could have been
documented and compared, such as the ASA score,
bone density (osteoporosis), comorbidities, and BMI.
Lastly, we could not verify the speed at the time of the
crash, which could have been under- or overestimated
by the cyclists. Interestingly, the conventional bikers
reported a slightly higher median speed than the e-bik-
ers. Although the likelihood of having a speedometer is
greater on e-bikes, the rider may not be actively moni-
toring their velocity. The perception of speed may have
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been affected by factors such as 1) varying amounts of
effort or strain needed for the bicycle types, 2) whether
the bicycle was used for exercise or transport purposes,
and 3) the experience level of the cyclist. Regardless,
the hypothesis that e-bikers are at increased risk of
severe injury due to higher speeds should be investi-
gated further.

Conclusions

This study contributes additional data about the type
and severity of injuries from electric bicycle crashes and
how these injuries compared with conventional bicy-
cle crashes. Overall, the median ISS of our study groups
were low, which reflects, in part, the target population of
our trauma center (Level II). However, we found that the
severity of injuries was significantly worse in the e-bike
group, and particularly worrisome was the increased like-
lihood of trauma to the thorax/chest. As the popularity of
electric bikes continues to rise in Switzerland, the safety
issues associated with this mode of transport need fur-
ther evaluation. More information about the causes of the
incidents and the body regions most likely to be affected
can be used to prevent or lessen the magnitude of future
injuries. Hospitalization and chest trauma rates were
higher among e-bikers. After controlling for the older
age of this group, the severity of their injuries remained
worse than in conventional cyclists. Initial clinical assess-
ments at trauma units should focus on evaluation of the
thorax/chest, particularly among elderly e-bikers.
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