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Abstract

Background/Objectives: Comprehensive epidemiological studies of bicycle crashes involv-
ing all ages in Japan are limited, particularly regarding multiple-rider incidents. This study
investigated the epidemiology of single- and multiple-rider bicycle crashes in a Japanese
core regional city. Methods: Ambulance transport data from Takatsuki City (1 January 2014
to 31 July 2024) were retrospectively analyzed, including demographics, crash characteris-
tics, and severity of injury for bicycle crash patients. The primary outcome was examination
of the epidemiology of bicycle crashes with moderate and severe severity or severe and
fatal severity, encompassing both single- and multiple-rider incidents. Statistical tests
and logistic regression analysis were used. Results: For 6683 transported patients, 6377
(95.4%) involved single-rider crashes and 306 (4.6%) involved multiple riders. Single-rider
crash patients were older and more often male. Moderate or greater injuries occurred in
625 single-rider and 11 multiple-rider crash patients. No severe or fatal injuries occurred in
multiple-rider crashes. General roadways and intersections were common crash locations.
Male sex and older age predicted greater injury severity in single-rider crashes. Fifty
single-rider bicycle crashes resulted in severe or greater severity injuries, and four fatal
crashes were recorded. Conclusions: This study uniquely details multiple-rider bicycle
crashes in Japan, revealing a lower severity of injuries compared to single-rider crashes.

Keywords: bicycle crash; multiple-rider crash; injury severity; single-rider crash

1. Introduction

Bicycle crashes are a significant public health concern [1]. In Japan, bicycles are
a primary mode of daily transportation across all age groups, distinct from the sports-
centric usage often seen in many Western countries [2]. Unlike many Western countries,
Japanese infrastructure often lacks dedicated cycling lanes, leading to a unique “mixed-
use” environment where cyclists frequently navigate between roadways and sidewalks.
While the Road Traffic Act classifies bicycles as “light vehicles” restricted to the left
side of the road and mandates specific maneuvers such as the “two-step right turn”
at intersections, social attitudes and historical precedent have normalized sidewalk
riding, contributing to complex traffic dynamics [3]. According to police reports, nearly
15,000 bicycle crashes were recorded in Tokyo in 2024 [4], and approximately 200 such
crashes were reported in Takatsuki City in 2020 [5]. However, direct comparisons of these
figures are challenging due to regional variations in bicycle usage, traffic conditions,

Emerg. Care Med. 2026, 3, 13

https:/ /doi.org/10.3390/ecm3020013


https://crossmark.crossref.org/dialog?doi=10.3390/ecm3020013&domain=pdf&date_stamp=2026-03-24
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ecm
https://www.mdpi.com
https://orcid.org/0000-0002-1461-7031
https://doi.org/10.3390/ecm3020013

Emerg. Care Med. 2026, 3, 13

20f13

and reporting practices. To mitigate injury severity, the Road Traffic Act was amended
in April 2023 to mandate helmet use as a “mandatory effort” for all cyclists. However,
public compliance remains inconsistent as there are no legal penalties for non-compliance,
reflecting a persistent gap in injury prevention practices [3].

While recent epidemiological studies have analyzed severe trauma data from tertiary
emergency medical centers and critical care centers nationwide, no epidemiological studies
in Japan appear to have focused on all ambulance transports related to bicycle crashes.
Although police data on bicycle crashes exist, those data are primarily collected from
an administrative perspective and lack the detailed medical information necessary for
in-depth analysis [4,5]. Further, while epidemiological studies on bicycle crashes have
been conducted in Europe, those studies have predominantly focused on single-rider
bicycle crashes, with limited data available on multiple-rider (including tandem) bicycle
crashes [6,7].

In Japan, despite the legal allowance for operators aged 16 or older to transport
up to two pre-elementary school children on specially designed bicycles equipped with
two child seats—effectively permitting three occupants under specific conditions—the
principal regulation remains that two- or three-wheeled bicycles shall not carry any
person other than the operator [3]. This primary restriction is legally enforced under
the Road Traffic Act and further specified in the respective Prefectural Road Traffic
Regulations [3]. Despite this, crashes involving multiple-rider bicycles, particularly
those with parents carrying children in child seats, are still prevalent. Investigating the
incidence and injury mechanisms of these crashes is therefore crucial for developing
effective prevention strategies and treatment interventions. This study aims to address
this gap in knowledge by examining the epidemiology of bicycle crashes, including both
single-rider and tandem bicycle crashes, in a Japanese core regional city. The findings of
this study have the potential to be extrapolated to other Asian countries where bicycles
are commonly used for daily utility, thus contributing to a better global understanding
of bicycle crash epidemiology.

2. Methods
2.1. Study Design and Setting

This retrospective, descriptive study used data from the Takatsuki City Fire De-
partment for the period 1 January 2014 to 31 July 2024. Takatsuki City is the seventh
largest city in Osaka Prefecture, with a population of approximately 350 thousand
and a total area of 105.29 km?. To assess the impact of bicycle crashes, we focused on
patients transported by ambulance in Takatsuki City as a result of a “bicycle crash”
(Figure 1). Patients who were not transported to a hospital or transported for rea-
sons unrelated to a bicycle crash were excluded from the study. Ambulance records
in Takatsuki City are considered administrative records, and the necessity to obtain
informed consent from the participants was waived because the data were already
anonymized. This study was approved by the Ethics Committee of Osaka Medical
and Pharmaceutical University (Takatsuki City, Japan). Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) guidelines were adhered to in the
study design and in reporting the results [8].
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Dispatched ambulances in Takatsuki City, 2014 to 2024
N = 226,805

Not related to a bicycle accident
n=219,565

Number of patients for bicycle accidents in Takatsuki City, 2014 to 2024
n=7240

Patients not transported to hospital
n=557
Refusal n= 391
On-scene treatmentn =119
Othersn=26
No injured personn=5
Transported by anotherteamn=14
Obvious deathn=2

Number of patients for Number of patients for
multi-rider bicycle accidents single-rider bicycle
n =306 accidents
n=6377

Figure 1. Patient flow in this study. All transported patients were divided into single- and multiple-
rider crashes.

2.2. Inclusion and Exclusion Criteria

Patients were included if they were transported by emergency medical services
(EMS) following a bicycle crash within Takatsuki City. The exclusion criteria were as
follows: (1) patients who were not transported to a hospital (e.g., those treated on-site); and
(2) patients transported for medical emergencies unrelated to the crash, such as cardiac
arrest occurring prior to the fall. To ensure data integrity, cases with missing severity data
were excluded from the final outcome analysis.

2.3. Data Collection and Quality Control

Data were uniformly collected using specific data collection forms. In addition to age
and sex, the reason for the ambulance call, the location of the crash, the time of day, the
day of the week, and the tools used were collected. The detailed situation and patient
information were recorded in text form. These data were completed by EMS personnel,
then transferred to the information center at Takatsuki City Fire Department. To assure the
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quality of the data, incomplete data sheets were returned to the relevant EMS personnel
for completion.

3. Outcomes

The primary outcome of this study was the epidemiology of bicycle crashes of mod-
erate or greater severity, including both single- and multiple-rider incidents. In Japan,
injury severity has been officially classified into four categories since 1964: mild (cases
not requiring hospitalization), moderate (hospitalization for less than three weeks), severe
(hospitalization for three weeks or more), and fatal (death confirmed at the scene or during
transport). For the purposes of this study, in accordance with the guidelines of the Fire and
Disaster Management Agency of the Ministry of Internal Affairs and Communications, we
categorized cases as having “moderate or greater severity” when the initial assessment
by EMS personnel reached at least the moderate threshold [9]. These preliminary field as-
sessments, based on physiological and anatomical findings at the scene, were later verified
against the final hospital diagnoses through the ORION system to ensure data accuracy.

4. Data Analysis

We calculated the numbers of patients transported by ambulance due to bicycle
crashes. Patient demographics were compared using the x? test and Fisher’s exact test for
categorical variables, as appropriate, and the Kruskal-Wallis test for continuous variables.
For the purposes of comparison, the numbers of patients transported by ambulance for
the same reasons per year between 1 January 2014 and 31 July 2024 were also collected.
Logistic regression analysis was used to calculate the rate of bicycle crashes with moderate
or greater severity, and crude odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated. The adjusted OR and 95%CI of bicycle crashes with moderate, severe and fatal
severity were calculated in all transported patients for bicycle crashes. Age groups were
categorized as follows: neonates (less than 28 days old), infants and toddlers (28 days
to under 7 years old), adolescents (7 to under 18 years old), adults (18 to under 65 years
old), and elderly individuals (65 years and older) [9]. We categorized the 24 h day into
four distinct periods: two rush hours (morning and evening), daytime, and nighttime.
Rush hour is defined as the period during which the density of vehicles and humans in
the road environment is highest. Prior research defines this period as bimodal, typically
occurring in the morning from 6:00 to 10:00 and in the evening from 15:00 (3:00 PM) to
20:00 (8:00 PM) [10].

All statistical analyses were performed using STATA (version 16.1; Stata Corp., College
Station, TX, USA). All tests were two-tailed, and values of p < 0.05 were considered
statistically significant.

5. Results
Baseline Characteristics

In the 10 years between 1 January 2014 and 31 July 2024, a total of 226,805 patients
were transported to hospital by ambulance in Takatsuki City, Japan. Of these, 7240 patients
were enrolled in this study. A total of 219,565 patients transported by ambulance to
hospitals in Takatsuki City were excluded due to the transport not being related to bicycle
crashes. There were 6683 bicycle crash patients in Takatsuki City transported to hospital by
ambulance (Figure 1, Table 1). The total number of single-rider bicycle crash patients was
6377 (95.4%), with the remaining 306 patients (4.6%) experiencing multiple-rider bicycle
crashes, including tandem bicycles. As shown in Table 2, 39 of these patients were bicycle
operators, and 38 were mothers. The number of injured bicycle passengers (excluding
the operator) was 267 (132 females, 135 males). Table 1 lists all baseline characteristics of
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patients transported to hospital by ambulance in Takatsuki City during the study period.
Patients who were not transported are also shown in Figure 1. Cases in which the patient
was not transported were excluded from the final analysis. This was necessary because the
absence of detailed emergency medical services records precluded the reliable evaluation
of key metrics such as vital signs and severity scores, with the exception of death.

Male patients were significantly more likely to be transported due to single-rider
bicycle crashes than multiple-rider crashes, including tandem bicycle crashes (p = 0.034).
Patients involved in single-rider bicycle crashes were significantly older than those in-
volved in multiple-rider crashes (p < 0.001). A total of 625 of the 6377 patients involved in
single-rider bicycle crashes sustained injuries of moderate or greater severity (moderate
575, severe 46 and fatal 4). A total of 11 of the 306 patients involved in multiple-rider bicycle
crashes sustained moderate injuries (Table 1). No severe or fatal bicycle crashes involved
multiple riders. The most common locations for ambulance requests were, in increasing
order, general roadways, sidewalks or pedestrian bridges, and intersections (Table 1). The
peak period for emergency transportations due to bicycle crashes was observed in both
single-rider and multiple-rider crashes: afternoon rush hour (15:00 to 20:00). Bicycle crashes
involving three-person bicycles were observed in 69 patients across 31 crashes. Table 2
presents detailed information on multiple-rider bicycle crashes. Of the 316 male patients
who sustained moderate severity injuries in bicycle crashes, 310 were involved in single-
rider incidents, while 6 were involved in multiple-rider incidents (as shown in Table 3).
The mean age of patients with injuries of moderate severity differed significantly between
single- and multiple-rider crashes (p < 0.001). A high distribution of moderate severity
injuries from single-rider bicycle crashes was observed among adults (37.39%) and elderly
patients (52.17%). In contrast, elderly patients sustained no moderate severity injuries in
multiple-rider bicycle crashes (Table 3). Similar to the distribution of all bicycle injuries,
including mild crashes (Table 1), the most common locations for ambulance requests for
moderate severity injuries were general roadways, sidewalks or pedestrian bridges, and
intersections (Table 3). The timing of moderate severity injuries differed from the overall
pattern of bicycle injuries (Table 1). Single-rider crashes primarily occurred in the morning
and daytime, whereas multiple-rider crashes occurred in the evening (Table 3). As shown
in Table 4, all 50 patients with injuries of severe (n = 46) and fatal (n = 4) severity were
involved in single-rider incidents. Notably, infants and toddlers did not sustain injuries of
this severity. Ambulance requests were most commonly associated with general roadways
and intersections. The timing of these injuries exhibited a bimodal distribution, with peaks
occurring in the morning and evening rush hour. Four fatal bicycle crash cases, detailed
in Table 4, involved two male and two female patients. Ambulance requests originated
from general roadways and intersections, each accounting for 50%. The timing of these
crashes was notable for its occurrence across three distinct periods: morning rush hour
(6:00-10:00 AM), afternoon rush hour (15:00-20:00), and nighttime (20:01-5:59). The analy-
sis presented in Table 5 revealed male sex as a significant predictor of moderate severity
injuries (OR 1.22, 95%CI 1.03-1.45). Multiple-rider bicycle crashes did not demonstrate a
significant association with injuries of moderate severity. Adolescents, adults, and elderly
patients exhibited a positive association with increased injury severity when compared
to infants and toddlers. Neither ambulance request location nor time of day significantly
predicted moderate severity injuries. The analysis presented in Table 6 indicates that male
sex was also a significant predictor of severe injuries (OR 1.93, 95%CI 1.04-3.60). Elderly
patients were positively associated with increased severity of injury compared to adoles-
cents. Ambulance request location and time period were not significant predictors of severe
or fatal injuries. The only exception was intersection locations, which showed a strong
positive association with fatal bicycle crashes (OR 11.40, 95%CI 1.28-101.81).
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Table 1. Demographic characteristics of transported patients.

Single-Rider Bicycle Multiple-Rider Bicycle

Characteristic Crash (1 = 6377) Crashes (1 = 306) Total (n = 6683) p Value
Sex (male), % 3229 50.64 136 44.44 3365 0.034
Mean age, years (SD) 49.58 25.41 10.80 13.72 <0.001
Age category, % <0.001
Infants and toddlers 78 1.22 191 62.42 269
Adolescents 1053 16.51 57 18.63 1110
Adults 2815 44.14 57 18.63 2872
Elderly 2431 38.12 1 0.33 2432
Severity of injuries, % 0.002 *
Mild 5752 90.2 295 96.41 6047
Moderate 575 9.02 11 3.59 586
Severe 46 0.72 0 0 46
Fatal 4 0.06 0 0 4
Location of ambulance request, % 0.008 *
General roadway 4195 65.94 179 58.5 4374
Sidewalk or pedestrian bridge 1385 21.77 99 32.35 1484
Intersection 449 7.06 15 49 464
Parking lot or garage 110 1.73 5 1.63 115
Residential area 84 1.32 2 0.65 86
Store or shop 7 0.11 0 0 7
Other 132 2.07 6 1.96 138
missing 15 0.22 0 0 15
Time of transportation category, % 0.036
Morning Rush Hour (6:00-10:00) 1406 22.05 77 25.16 1483
Daytime (10:01-14:59) 1976 30.99 90 29.41 2066
Afternoon Rush Hour (15:00-20:00) 2121 33.26 113 36.93 2234
Nighttime (20:01-5:59) 874 13.71 26 8.5 900
* Fisher’s exact test was used because of the small numbers of patients in several cells. Other comparisons were
analyzed using the chi-square test and one-way analysis of variance.
Table 2. Demographics of injured individuals in multiple-rider bicycle crashes by sex and age group.
Characteristic Female (n = 170) Male (n = 136) Total (n =306) p Value
Mean age, years (SD) 14.99 15.69 5.56 8.21 <0.001
Age category, % <0.001 *
Infants and toddlers 82 48.24 109 80.15 191
Adolescents 35 20.59 22 16.18 57
Adults 52 30.59 5 3.68 57
Elderly 1 0.59 0 0 1
Number of injured bicycle
passengers (excluding the 132 77.65 135 99.26 267 <0.001

operator), %
Three-person bicycle-related

. 43 25.29 26 19.12 69 0.199
accidents, %
Bicycle fall accidents, % 47 27.65 43 31.62 90 0.449
Spoke-related accidents, % 39 22.94 30 22.06 69 0.854

* Fisher’s exact test was used because of the small numbers of patients in several cells. Other comparisons were
analyzed using the chi-square test and one-way analysis of variance.

Across 31 crashes involving three-person bicycles, sixty-nine individuals sustained
injuries: 44 (63.8%) were related to car collisions, and 25 (36.2%) were related to single
bicycle falls.

39 operators (cyclists) transported.

38 mothers transported (206 mother-related crashes).

No fathers transported (19 father-related crashes).

One grandfather transported (5 grandfather-related crashes).

https:/ /doi.org/10.3390/ecm3020013
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No grandmothers transported (6 grandmother-related crashes).

Spoke-related crashes (1 = 69): 17 right leg injuries, 52 left leg injuries.

One elderly patient was transported due to a spoke-related crash.

Table 3. Demographic characteristics of moderate injury transported patients.
- Single-Rider Bicycle Multiple-Rider Bicycle
Characteristic Crafh (1 = 575) y Crashl:,s (= 11) y Total (n = 586) p Value
Sex (male), % 310 53.91 6 54.55 316 0.991
Mean age, years (SD) 58.15 23.20 18.73 17.87 <0.001
Age category, % <0.001
Infants and toddlers 2 0.35 3 27.27 5
Adolescents 58 10.09 5 45.45 63
Adults 215 37.39 3 27.27 218
Elderly 300 52.17 0 0 300
Location of ambulance request, % 0.682 *
General roadway 359 62.43 7 63.64 366
Sidewalk or pedestrian bridge 142 24.7 3 27.27 145
Intersection 29 5.04 0 0 29
Parking lot or garage 15 2.61 0 0 15
Residential area 13 2.26 0 0 13
Store or shop 2 0.35 0 0 2
Other 14 243 1 9.09 15
missing 1 0.17 0 0 1
Time of transportation category, % 0.248 *
Morning Rush Hour (6:00-10:00) 132 22.96 1 9.09 133
Daytime (10:01-14:59) 187 32.52 2 18.18 189
Afternoon Rush Hour
(15:00-20:00) 187 32.52 7 63.64 194
Nighttime (20:01-5:59) 69 12 1 9.09 70
575 11 586

* Fisher’s exact test was used because of the small numbers of patients in several cells. Other comparisons were

analyzed using the chi-square test and one-way analysis of variance.

Table 4. Demographic characteristics of severe and fatal injury in transported patients.

Severe Bicycle Crash Fatal Bicycle Crash

Characteristic (1 = 46) = 4) Total (n=50) p Value
Sex (male), % 30 65 2 50 32 0.612*
Mean age, years (SD) 62.09 18.81 54.25 27.44 0.6676
Age category, % 0.491 *
Infants and toddlers 0 0 0 0 0

Adolescents 3 6.52 1 25 63

Adults 16 34.78 1 25 218

Elderly 27 58.7 2 50 300

Location of ambulance request, % 0.682 *
General roadway 30 65.22 2 50 32

Sidewalk or pedestrian bridge 4 8.7 0 0 4

Intersection 10 21.74 2 50 12

Parking lot or garage 2 4.35 0 0 2

Residential area 0 0 0 0 0

Store or shop 0 0 0 0 0

Other 0 0 0 0 0

missing 0 0 0 0 0

Time of transportation category, % 0.699 *
Morning Rush Hour (6:00-10:00) 10 21.74 2 50 12
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Table 4. Cont.

Characteristic

Severe Bicycle Crash Fatal Bicycle Crash Total (1=50) p Value

(n = 46) n=4)
Daytime (10:01-14:59) 11 23.91 0 0 11
Afternoon Rush Hour (15:00-20:00) 15 32.61 1 25 16
Nighttime (20:01-5:59) 10 21.74 1 25 11

* Fisher’s exact test was used because of the small numbers of patients in several cells. Other comparisons were
analyzed using the chi-square test and one-way analysis of variance.

Case 1 (70 s, Female): Collision between a bicycle (operator) and a passenger car at an
intersection. Witnessed by a nearby shop employee who initiated the emergency call.

Case 2 (10 s, Male): Collision between a bicycle (operator) and a 10-ton truck on a
general roadway. Bystander CPR was initiated immediately following the crash, as reported
by the first-arriving special ambulance crew.

Case 3 (70 s, Female): Collision between a bicycle (operator) and a standard truck at
an intersection. Crash details were obtained from involved parties on scene.

Case 4 (50 s, Male): Contact between a bicycle (operator) and a light van on a general
roadway. The patient was discovered lying on the road by a passerby. Details were
confirmed by police officers at the scene.

Non-Transported Fatal Cases: In addition to the transported cases, two individuals
were confirmed dead at the scene and were not transported to the hospital:

Case A (Age Unknown, Male): The victim was cycling when he was involved in a
collision with a passenger car. According to the commander’s report based on an interview
with the driver of a following vehicle, the impact occurred while the cyclist was in motion.

Case B (90 s, Male): The victim was struck by a train while pushing his bicycle across
a railway crossing. He was unable to clear the crossing in time. JR West staff placed an
emergency call to the police, who subsequently requested EMS dispatch. The details were
confirmed by statements from JR West personnel.

Table 5. Logistic regression analysis for moderate injuries.

Odds Ratio 95% Confidence Interval p Value
Male 1.22 1.03-1.45 0.025
Multiple-rider bicycle accidents 1.02 0.49-2.13 0.963
Age category
Infants and toddlers Reference
Adolescents 3.31 1.12-9.79 0.03
Adults 4.70 1.62-13.66 0.005
Elderly 7.86 2.68-23.00 <0.001
Location of ambulance request
Store or shop Reference
General roadway 0.23 0.05-1.13 0.07
Sidewalk or pedestrian bridge 0.27 0.06-1.31 0.105
Intersection 0.19 0.04-0.93 0.041
Parking lot or garage 0.33 0.06-1.76 0.196
Residential area 0.40 0.07-2.14 0.284
Other 0.31 0.06-1.62 0.165
missing 0.20 0.02-2.52 0.214
Time of transportation category
Daytime (10:01-14:59) Reference
Morning Rush Hour (6:00-10:00) 1.18 0.93-1.50 0.169
Afternoon Rush Hour (15:00-20:00) 1.10 0.88-1.36 0.401
Nighttime (20:01-5:59) 0.94 0.70-1.26 0.666
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Table 6. Logistic regression analysis for severe injuries.

Odds Ratio 95% Confidence Interval p Value
Male 1.93 1.04-3.60 0.038
Age category
Adolescents Reference
Infants and toddlers NC* NC* NC*
Adults 2.33 0.61-8.83 0.214
Elderly 6.05 1.73-21.25 0.005
Location of ambulance request
Parking lot or garage Reference
General roadway 0.47 0.11-2.06 0.32
Sidewalk or pedestrian bridge 0.18 0.03-1.00 0.051
Intersection 1.93 0.40-9.29 0.41
Residential area NC* NC* NC*
Store or shop NC* NC* NC*
Other NC* NC* NC*
missing NC* NC* NC*
Time of transportation category
Daytime (10:01-14:59) Reference
Morning Rush Hour (6:00-10:00) 1.60 0.67-3.85 0.291
Afternoon Rush Hour (15:00-20:00) 1.54 0.70-3.37 0.281
Nighttime (20:01-5:59) 2.64 1.12-6.20 0.026

NC*: Not calculated due to the zero-cell count (no severe injuries observed in this category).

6. Discussion

Over a 10-year period in Takatsuki City, our study identified 6683 bicycle crash patients
who required ambulance transport to hospitals. Among these, 586 patients sustained
injuries of moderate severity, 46 sustained injuries of severe severity, and, tragically, 4 fatal
crashes were recorded. Importantly, this study appears to be the first to specifically examine
the epidemiology of multiple-rider bicycle crashes, revealing that a total of 306 patients
were involved in such incidents within the study period. The seemingly uneven number
arises from a case in which a child suffered a leg injury due to wheel entanglement, while
the parent of that child, also involved in the crash, remained uninjured. In this study,
multiple-rider bicycle crashes were not associated with severe or fatal injuries. This trend
may be attributed to the lower traveling speeds and heightened vigilance typically observed
among adult operators (aged 18-64 years) when transporting pediatric passengers. While
we initially categorized operators by parental roles, such as mothers or fathers, our primary
analysis focused on age-based demographics to ensure scientific rigor. The results indicate
that adult-led multiple-rider transports, despite their complexity, resulted in lower injury
severity compared to single-rider incidents involving adolescents or elderly individuals.
When transporting their child in a rear seat (and in some instances, a front seat), mothers
tend to ride at relatively slow speeds and maintain heightened attention to prevent injury.
Nineteen bicycle crashes involved fathers, with all but one (left thigh contusion) classified
as mild. Fathers were not involved in any multiple-rider bicycle crashes. Grandfathers
accounted for 5 multiple-rider crashes, and grandmothers for 6, with one grandfather
sustaining a moderate injury. Sixty-one young patients involved in tandem bicycle crashes
were riding in rear seats, and the majority of these cases resulted in wheel entanglement
injuries (bicycle spoke injury). These situations are legally violations [3]. The Road Traffic
Act (Article 57, Paragraph 2) mandates that bicycles are generally limited to one rider.
Strict exceptions apply: A rider aged 16 years or older may transport children under the
age of 6. Specifically, a rider may transport one toddler under the age of 6 if using a
standard bicycle equipped with a legally approved child seat, or two toddlers under the
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age of 6 if using a specialized “two-toddler approved bicycle” (Figure 2). Consequently,
carrying any passenger aged 6 years or older constitutes a strict violation of the law, which
may result in a fine of up to 20,000 yen or a pecuniary penalty. Considering all bicycle
spoke injuries, including those in children, left leg injuries (52 cases) occurred three times
more frequently than right leg injuries (17 cases), likely due to the higher incidence of left
leg bicycle spoke injuries. This previously undocumented finding suggests a left-sided
predominance requiring further investigation to elucidate the underlying etiology [11,12].
Across 31 crashes involving three-person bicycles, 69 individuals sustained injuries. For
each bicycle, excluding the operator, one child occupied the front seat and another the
rear (Figure 2). This represents a previously unreported phenomenon, accounting for
approximately 22.5% of patients in multiple-rider bicycle crashes. With the exception of
a single case, all three-person bicycle crashes were classified as minor, predominantly
involving female operators (mothers) accompanied by children. Approximately two-thirds
of these minor cases were collisions with cars, while 25 (36.2%) involved single bicycle falls.
The single moderate case involved an adult patient who sustained a shoulder injury as a
result of a single bicycle fall. Overall, multiple-rider bicycle crashes were less severe than
single-rider crashes, with children as the predominant victims. While helmets offer head
protection, parental vigilance is crucial to prevent bicycle-spoke injuries, particularly for
rear-seat passengers. To further mitigate these risks, children carried on bicycles should
wear proper footwear and utilize footrests and spoke guards [11,12]. Raising awareness
regarding injury mechanisms, severity, and preventive strategies is also essential.

Figure 2. Three-person bicycle.

Male sex was a significant predictor of moderate and severe injuries (OR 1.22, 95%CI
1.03-1.45 and OR 1.93, 95%CI 1.04-3.60, respectively), but sex was not a significant predictor
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of fatal injuries. This finding contrasts with results from a prior European study [6]. This
discrepancy may be attributed to the differing mechanisms of injury. Specifically, fatal
injuries were primarily linked to collisions with cars, while moderate injuries were more fre-
quently associated with falls [13]. Fall-related injuries are often speed-dependent, and this
is reflected in the finding that males were disproportionately affected [14]; however, fatal
injuries did not correlate with speed. This suggests that fatal outcomes are predominantly
attributable to factors involving the motor vehicle driver or environment [15]. Patients with
severe injuries were older than those with non-severe injuries, and no infants or toddlers
sustained severe injuries. Severe bicycle injuries were predominantly observed on general
roadways and at intersections, a pattern similar to previous police reports. However, our
study revealed a higher incidence of severe injuries on general roadways compared to
intersections, contrasting with police findings that indicated a higher prevalence at intersec-
tions [4,5]. Logistic regression analysis revealed a positive association between intersection
locations and fatal bicycle crashes (OR11.40, 95%CI 1.28-101.81). However, given the
extremely small number of fatal cases (n = 4), interpretation of this finding should be made
with caution. Logistic regression analyses did not reveal any significant association between
the time period and the occurrence of either moderate, severe or fatal injuries. This absence
of significant findings may be attributable to the limited statistical power resulting from
the small number of events, contrasting with previous studies from Osaka Prefecture that
encompassed over 400,000 transportations per year [16-18]. The four fatal cases were all
associated with motor vehicle collisions, with two of these involving trucks. The incidents
occurred equally on general roadways and at intersections (two cases each). To prevent
moderate, severe and fatal bicycle injuries, we recommend helmet use and heightened
rider attention, particularly on general roadways and at intersections [13,19]. Although
the revised Road Traffic Act was enforced on 1 April 2023, establishing helmet usage as a
mandatory effort for all bicycle riders (with no penalty for non-compliance), data on helmet
use were extremely limited. Specifically, helmet use was explicitly mentioned in the EMS
records for only three cases. While sidewalks or pedestrian bridges may offer a lower-risk
environment, cyclists must still exercise due diligence to avoid pedestrian collisions [13].
Although not significant, the tendency toward higher incidences of bicycle crashes during
morning rush hour (6:00-10:00) and afternoon rush hour (15:00-20:00) periods suggests
that cyclists should maintain heightened awareness and a calm state of mind during these
peak times.

Several limitations should be acknowledged. First, the retrospective nature of this
study introduces potential for recording errors. To mitigate this risk, records were reviewed
by EMS staff not involved in the initial patient transport. Second, our analyses were
limited to prehospital data, preventing a direct link to hospital data. Consequently, the full
hospital course, particularly for severe cases, could not be tracked. Nevertheless, for severe
cases, EMS staff accessed the Osaka Emergency Information Research Intelligent Operation
Network (ORION) system to ascertain the final diagnosis [16-18]. Third, the assessment of
injury severity was based on the on-scene status of patients, which may have led to over-
or underestimation. While we could not retrospectively adjust injury severity based on
hospital courses and diagnostic modalities such as computed tomography, as previously
mentioned, EMS staff utilized the ORION system to verify the final diagnosis [16-18].
Finally, the scope of this study was confined to one core regional city, Takatsuki City.
However, considering that recent subnational analyses for the Global Burden of Disease
Study have highlighted significant regional variations in health burdens and injury trends
across Japan from 1990 to 2021 [20,21], our findings provide granular, localized insights that
are essential for tailoring public health interventions. Further research involving a larger
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geographical area is warranted to further enhance the generalizability of our findings and
to compare localized injury mechanisms across different urban environments.

7. Conclusions

In conclusion, our 10-year analysis of 6683 bicycle crash patients in Takatsuki City
highlights a substantial injury burden. Notably, this study uniquely examined multiple-
rider bicycle crashes (306 cases), where 11 patients sustained injuries of moderate severity
and none experienced injuries of severe or fatal severity. These findings emphasize the
need to consider the specific characteristics of multiple-rider crashes in future prevention
efforts and research.
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