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Abstract: Transportation accidents in Brazil rank as the second leading cause of hospitalizations due to external
causes, significantly impacting the organization of the healthcare system.. While all road users are at risk,
pedestrians, cyclists, and motorcyclists are particularly vulnerable. Although governments and societies
advocate for increased bicycling as a sustainable urban transportation option, the uneven accessibility of
cycling infrastructure poses accident risks. Addressing the gap in research on this issue, this study investigates
the trends and contributing factors of bicycle traffic accidents in the metropolitan area of Maringa, Parana,
Brazil. This ecological time series study analyzed 848 pre-hospital care records from SAMU and SIATE of
Maringa-PR, spanning January 2010 to December 2019. The results reveal a rise in accident frequency over the
study period, with the majority of victims being males aged 11 to 20 years. Accidents predominantly occurred
between noon and 8:00 p.m., with peak occurrences on Fridays and Saturdays. Serious accidents were most
frequent on Tuesdays and Fridays. These findings align with existing literature and underscore the importance
of incorporating data from SIATE and SAMU into urban accident prevention strategies. Additionally, the study
highlights the need for further research on this topic.
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1. Introduction

Traffic accidents represent a significant global public health issue. Annually, approximately 1.35
million people die on road incidents worldwide, with between 20 and 50 million sustaining non-fatal
injuries. Over 90% of these fatalities occur in underdeveloped and developing countries [1]. Brazil
ranks among the top ten countries with the highest number of traffic-related deaths, with 31,945
fatalities in 2019 [2]. In the state of Parana, data from DETRAN (State Department of Transit) indicate
a 188% increase in traffic, rising from 383 in 2016 to 1,106 in 2019 [3].

In Brazil, transport accidents are the second leading cause of hospitalizations due to external
causes, directly impacting the organization of the health system due to the high costs associated with
trauma care [4]. Although traffic accidents can affect any road user, pedestrians, cyclists and
motorcyclists are particularly vulnerable due to their greater exposure to bodily harm [1].

Currently, bicycles are recognized as a viable solution to traffic congestion problems associated
with the increasing number of motor vehicles in large and medium-sized cities worldwide [5].
Bicycles are practical, cost-effective and environmentally friendly, with particularly high popularity
among young children and teenagers. Additionally, bicycles offer enhanced mobility and cost-
savings due to their lack of fuel consumption, making them both an eco-friendly means of transport
[6,7] and a high-tech sports equipment.

Bicycles can access nearly all areas of a city and require minimal physical space. Their clear
limitations include the range of travel, typically up to 7.5 km, a distance considered physically
comfortable [8], and the fact that bicycles are the most commonly involved non-motorized vehicle in
accidents [9].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Despite these limitations, governments and societies have been promoting cycling as a viable
alternative for urban transportation. Active transportation, which includes human-powered modes
such as walking, cycling, rollerblading, and skateboarding, is increasingly gaining popularity [7].

Despite the numerous advantages of active transportation, significant concerns remain
regarding safety, as cycling infrastructure is not uniformly accessible in all locations. Frequently,
cyclists share the same space with motor vehicles, which poses a risk of accidents. Given that traffic
violence is one of the leading causes of mortality worldwide, particularly in developing countries
where the risks for bicycle users are heightened [10,11], the situation becomes even more alarming.

In Parand, between 2008 and 2017, there were 30,062 traffic accidents involving cyclists, with
77.7% occurring on urban roads. During the same period, 899 traffic fatalities involving cyclists were
recorded, with 40.1% occurring on urban roads [12]. These data underscore the importance of
conducting research on this topic in urban areas.

White existing literature addresses the safety of these users, there is a notable gap in research
concerning the factors associated with cyclists accidents [13-15]. A review of the literature revealed
only one study analyzing the cycling network and the number of accidents involving cyclists over a
ten-year period (2006-2016) in the city of Londrina-PR [16].

Therefore, the objective of this study is to analyze the trend of accidents involving cyclists in
Maringa and its surrounding region from 2010 to 2019, as well as the factors associated with these
accidents. Additionally, we aim to characterize the studied population in term of the sex and age of
the individuals involved in accidents; examine the types of vehicles involved, the city regions, the
days, and times of occurrence; identify the times of day and days of the week with the highest
incidence of accidents; and, ultimately, associate the variables of sex, age, location, day, and time with
the severity of the accidents.

2. Methods

For the development of the research, we employed an ecological time-series study method to
analyze accidents involving cyclists that occurred in the metropolitan region of Maringa from 2010
to 2019. The Metropolitan Region of Maringa (MRM) comprises 26 municipalities, established by
State Complementary Law No. 83/1998. It encompasses an area of 5,978,592 km?, with a population
of 809,915, a density of 135.47 inhabitants per km? and a Human Development Index (HDI) of 0.817.

Data on the characteristics of bicycle-related events were collected from the databases of the
Mobile Emergency Care Service (SAMU - Servigo de Atendimento Movel de Urgéncia) of Northwest
Parand, and the Integrated Emergency Trauma Care Service (SIATE - Servigo Integrado de
Atendimento ao Trauma em Emergéncia) located in the municipality of Maringa-PR, which is also
responsible for pre-hospital care in the MRM.

The sample included all Pre-hospital Care Records of cyclist accidents attended by SAMU and
SIATE in Maringa-PR from January 2010 to December 2019.

Data collection was performed through the individual and manual review of all medical records
generated by SIATE and SAMU. The information was transcribed into a spreadsheet created by the
researchers, which included the following variables: date of care, age and sex of the victims, location
of the incident and vehicles involved.

For a clearer understanding of the results, age groups were categorized in 10-year intervals.

The collected data were compiled using Microsoft Excel®. Following compilation, a descriptive
analysis of the cyclist accident profiles in the MRM was carried out. Trend analysis was performed
using the non-parametric Mann-Kendall test [17] and the chi-square test to evaluate associations
between variables. A significance level of 5% (p-value <0.001) was adopted.

All analyses were conducted using the R statistical environment (R Development Core Team),
version 3.5 [18]. For event data analysis, Microsoft Excel (2003) and QGIS 3.16.11 software were used.

The research project was reviewed and approved by the Ethics Committee Involving Human
Beings of the State University of Maringa, with approval number 3.071.844. Since the data were
secondary, a waiver for the Free and Informed Consent Form (FICF) was requested.
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3. Results

Between January 2010 and December 2019, SAMU and SIATE in Maringa-PR recorded 848
cyclist accident responses . The number of accidents during the study period showed a slight decrease
from 2010 to 2012 (from 7.2% to 4.2%) in the Metropolitan Region of Maringa (MRM). Starting in
2013, there was a continuous increase, reaching 20.2% (n=176) of the accidents in 2019. Despite these
variations, a strong upward trend in the number of cyclist accidents was observed during the
analyzed period (R? =0.0017) (Figure 1).
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Figure 1. Distribution of accidents with cyclists according to the year of occurrence — Maringa-PR —
2022.

A year-by-year review of the indicators was conducted to investigate whether there were
patterns in the characteristics of cyclist accidents during the analyzed period. The majority of bicycle-
related accidents involved male individuals (84.4%) (Table 1).

Table 1. Distribution of cyclist accidents involving by sex and injury severity — Maringa-PR - 2022.

Moderate

Minor TBI TBI Severe TBI Total P-value
Number 629 31 56 716
Male % in Sex 87.8% 4.3% 7.8% 100.0% <0.05
% in ECG 83.8% 91.2% 88.9% 84.4%
Sex Number 122 3 7 132
Female % in Sex 92.4% 2.3% 5.3% 100.0% <0.05
% in ECG 16.2% 8.8% 11.1% 15.6%
Number 751 34 63 848
Total ]
% in Sex 88.6% 4.0% 7.4% 100.0%
Ratio M/F 5 10 8 7

TBI: Traumatic Brain Injury; ECG: Electrocardiogram; M: Male; F: Female.

The majority of the victims were male, and a higher percentage of them experienced severe
accidents compared to females (7.8% versus 5.3%, respectively). Females, proportionally, experienced
less severe accidents (92.4%). For minor accidents, there were five male cases for every female case,
whereas for moderate accidents, this ratio doubled to ten males for every female. In severe cases, the

ratio was eight males to each female.
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The highest percentage of cyclist accidents during the analyzed period occurred in the 11 to 20-
year age group. Conversely, the lowest percentages were observed in children up to 10 years of age
and, notably, in individuals over 60 years old. Throughout the period, children under 10 years
consistently had accident rates below 10%.

During the week, there was a tendency for increased accidents on the last two days, Friday and
Saturday. However, the study indicates that the highest concentration of severe cases occurred on
Tuesdays (22.2%) and Fridays (23.5%) (Table 2).

Table 2. Distribution of cyclist accidents by day of the week and injury severity — Maringa-PR — 2022.

Minor TBI Moderate TBI Severe TBI Total

Accidents 73 4 2 79

Sunda % day 92.4% 5.1% 2.5% 100.0%

% in ECG 9.7% 11.8% 3.2% 9.3%

Accidents 88 5 5 98

Monday % day 89.8% 5.1% 5.1% 100.0%
% in ECG 11.7% 14.7% 7.9% 11.6%

Accidents 99 7 14 120
Tuesday % day 82.5% 5.8% 11.7% 100.0%
% in ECG 13.2% 20.6% 22.2% 14.2%

Accidents 106 4 12 122
Wednesday % day 86.9% 3.3% 9.8% 100.0%
% in ECG 14.1% 11.8% 19.0% 14.4%

Accidents 126 2 9 137
Thursday % day 92.0% 1.5% 6.6% 100.0%
% in ECG 16.8% 5.9% 14.3% 16.2%

Accidents 130 8 12 150
Friday % day 86.7% 5.3% 8.0% 100.0%
% in ECG 17.3% 23.5% 19.0% 17.7%

Accidents 129 4 9 142
Saturday % day 90.8% 2.8% 6.3% 100.0%
% in ECG 17.2% 11.8% 14.3% 16.7%

TBI: Traumatic Brain Injury; ECG: Electrocardiogram.

The highest percentage of accidents across all analyzed years occurred between noon and 8:00
p-m., with particularly notable peaks in 2015 and 2018, during which this percentage exceeded 60%.
Although most cyclist accidents were minor, the number of severe accidents was higher than that of
moderate accidents, with statistical significance (Table 3).

Table 3. Relationship between accident severity (ECG) and time of day for cyclist accidents. P-value
of 0.05 - Maringa-PR — 2022.

Minor TBI Moderate TBI Severe TBI

Accidents 157 3 11
Morning % in Hour 91.8% 1.8% 6.4% <0.05
% in ECG 20.9% 8.8% 17.5%
Number 254 11 21
Afternoon % in Hour 88.8% 3.8% 7.3% <0.05
% in ECG 33.8% 32.4% 33.3%
Number 283 16 24
Night % in Hour 87.6% 5.0% 7.4% <0.05
% in ECG 37.7% 47.1% 38.1%

Dawn Number 30 1 3 <0.05

d0i:10.20944/preprints202409.0205.v1
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% in Hour 88.2% 2.9% 8.8%
% in ECG 4.0% 2.9% 4.8%
Number 27 3 4
Unspecified % in Hour 79.4% 8.8% 11.8% <0.08
% in ECG 3.6% 8.8% 6.3%

TBI: Traumatic Brain Injury; ECG: Electrocardiogram.

Regarding the type of accident, falls were the most frequent incident in most years, followed by
accidents involving cyclists and cars and cyclists and motorcycles.

4. Discussion

This study analyzed the trend of traffic accidents involving cyclists in the metropolitan region
of Maringd-PR and the associated factors from 2010 to 2019. Starting in 2017, there was a significant
increase in accidents involving cyclists, which is directly related to the rise in the number of cyclists
on the streets [19,20]. This increase is attributed to heightened concerns about the ecological impacts
of transportation [21] and the expansion of the cycling infrastructure in Maringa [22]. In 2008, the city
had a cycling network of eight kilometers, in poor conditions and without any type of
interconnection. The development of new bike lanes gained momentum in 2015, and the network
now spans approximately 37 kilometers [23]. For instance, in the city of Sao Paulo, the growth of the
cycling network has also been accompanied by an increase in cyclist fatalites [24]. On the other hand,
in the Federal District, investment in bike lanes has led to a reduction in cyclist mortality [25].

Data from the Brazilian Traffic Medicine Association [26] reveals that, between 2010 and 2019,
hospital admissions for cyclists involved in accidents increased by 57% in Brazil, with a notable rise
of 1,250% in Rio Grande do Norte and 678% in Pernambuco, consistent with our findings [26].
Infosiga SP (2022) data, also reported in the Folha de Sao Paulo newspaper on March 3, 2022,
indicated a significant rise in cyclist deaths in the capital of Sao Paulo, between 2015 and 2021, despite
the expansion of the cycling network. These findings suggest that while the implementation of bike
lanes encourages greater bicycle use, it does not always ensure increased safety for users, as these
lanes are often added to streets and avenues without adequate integration and traffic
synchronization. Approximately 80% of cycling accidents involved males. Consistent with these
studies, research conducted by De Guerra et al [15] was also identified.

The highest percentage of accidents recorded and analyzed in the study involved children and
adolescents aged 11 to 20 years — data also reported by Tavares et al [27] and Orsi [9]. Conversely,
children under 10 years and individuals over 60 years, as previously mentioned, experienced the
fewest cyclist accidents - information corroborated by Sousa et al [28].

A trend of increasing accidents throughout the week, peaking on weekends, was observed, as
detailed in Table 2 and supported by the researchers of Tavares et al [29]. This higher accident rate on
weekends may be attributed to increased bicycle use for recreational purposes [20]. Despite this
weekend increase, the highest concentration of severe cases occurs on Tuesdays and Fridays. It is
inferred that this results from the greater number of cars circulating on weekdays compared to
weekends. Consequently, the conflict between cyclists and vehicles leads to higher accident rates on
weekdays [30].

Regarding the times of highest accident incidence, the collected data reveal that the majority of
accidents occur between noon and 8:00 p.m. across all analyzed years. During this period, there is a
higher number of cyclists on the roads, and end-of-day fatigue among cyclists and other road users
contributes to this statistic. Additionally, nighttime conditions worsen visibility, and the lack of
mutual awareness between cyclists and other road users increases the severity of accidents [31]. This
explains why 33.3% of afternoon accidents are classified as severe, with an increase to 38.1% during
nighttime.

The present study is limited by the use of secondary data derived from Pre-hospital Care
Records, which may present inaccuracies or incomplete entries. Despite this limitation, SAMU and
SIATE are valuable sources of data, as their work facilitates access to emergency hospital services and
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hospital beds, thereby serving as a critical entry point into the healthcare system that can save lives
[15].

Another important aspect of this research is the use of a less common data source compared to
published literature. For example, studies such as those by ABRAMET with data from DATASUS
[26]; Sousa et al, with data from VIVA Inquérito [28]; Maffei de Andrade and Mello Jorge, with data
from military police and DATASUS [32]; Ndbrega et al, using DETRAN and DATASUS [25], and
Galvao et al, with data from SIM and SUS [33]. The findings of this study are distinct due to its unique
data source, yet contribute to the analysis of cyclist accidents by highlighting cases that may not be
recorded in traditional notification systems. Consequently, many minor accidents involving cyclists
might not be reflected in the statistics and thus may not be considered in accident prevention
planning [33]. Additionally, the costs associated with these minor care incidents still require
healthcare services, even though they may not be reflected in the statistics. Therefore, despite its
specific characteristics, this research demonstrates that SIATE and SAMU provide a substantial
number of services to cyclists, and this data should be incorporated in the planning of cycling
infrastructure for the metropolitan region of Maringa and other cities in Brazil.

Thus, there is a clear need for expanded research on this topic, not only in Maringa and its region
but also across cities of Parana and other Brazilian states. Cyclist accidents have increasingly
demanded healthcare services, necessitating targeted planning based on studies that investigate the
unique characteristics and needs of each city or region.
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