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Abstract: Bicycle safety remains a critical concern as cycling gains popularity, especially
in urban areas where traffic conditions pose significant risks. The increasing presence of
bicycles and derivatives of them further complicates traffic dynamics, raising the potential
for accidents and injuries. This study examines bicycle accident trends in Poland from
2016 to 2023 using data provided by the Polish Police, supplemented with medical insights
on injury mechanisms. The analysis highlights key patterns, such as the higher incidence
of accidents during summer, fewer accidents on weekends compared to weekdays, and
the disproportionate fatality rate among cyclists over 60. Failure to yield the right of
way emerges as a leading cause of accidents. These findings underscore the need for a
multifaceted approach to improving cyclist safety, including infrastructural enhancements,
public education, stricter enforcement of traffic laws, and advancements in medical re-
sponse and protective gear. Addressing these factors can contribute to a safer environment
that supports the continued growth of sustainable and active transportation.

Keywords: bicycle accidents; bicycle safety; post-accident injuries; head injuries; cause of
bicycle accidents

1. Introduction

Bicycles have become increasingly popular as a mode of transportation, driven by
both professional commuting needs and recreational activities. Advances in bicycle design
and materials have led to refined, ergonomic, and versatile models capable of achieving sig-
nificant speeds. Moreover, bicycles are a key component of urban micromobility, providing
an alternative to motor vehicles and public transport due to their cost-effectiveness, envi-
ronmental benefits, and ability to bypass traffic congestion (e.g., [1-3]). The development
of bicycle-friendly infrastructure, such as dedicated cycling lanes, further supports this
trend and contributes to improved safety conditions for cyclists. Additionally, the growth
of bike-sharing systems has enabled more people to incorporate bicycles into their daily
commutes, increasing their presence in urban traffic networks [4,5].

Currently, there is a noticeable shift in the transportation habits of residents in large
cities. A survey conducted in £6dz, Poland, aimed to identify the motivations and factors
driving the growing interest in public bicycles [6]. The dynamic changes in urban mobility
are largely influenced by the increasing popularity of bike-sharing systems, with congestion
and inefficient public transport being the main reasons behind this trend. Another key
aspect is the role of interactive maps, which support and enhance cycling mobility. The
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promotion of bicycles as a means of transport has been ongoing for years in the Nether-
lands, where a nationwide program was introduced to encourage commuting by bike
and modernize bicycle parking facilities near railway stations. Expanding bike rental
systems is another factor contributing to the rising interest in cycling [7,8]. Interestingly,
Japan presents a contrasting trend—bicycle usage has been declining for approximately
40 years [9].

Despite these positive developments, the issue of cyclist safety remains critical. Stud-
ies indicate that accidents involving cyclists often result in severe injuries, particularly
head trauma, making safety measures a key concern for policymakers and urban plan-
ners [10,11]. Passive safety measures, such as helmets and energy-absorbing clothing, are
widely recognized as essential in reducing injury severity [12]. At the same time, active
safety improvements—including modern braking systems, bicycle stabilization technolo-
gies, and collision-avoidance mechanisms—are being developed to minimize accident
risks [13,14].

Infrastructure plays a crucial role in cyclist safety. Research highlights that well-
designed bicycle paths, free from sharp or rigid obstacles, can significantly reduce accident
rates [15,16]. Cyclists themselves are also a valuable source of information for road infras-
tructure designers [17]. Additionally, segregating bicycle traffic from motor vehicles has
been shown to lower the likelihood of serious collisions [18]. However, many accidents still
occur at intersections, where side collisions remain a pressing concern [19]. Furthermore,
the increasing popularity of electric scooters has introduced new challenges in road safety,
necessitating ongoing research into the risks associated with these emerging micromobility
solutions [20].

Statistical data suggest that while bicycle accident rates have declined in some regions,
the problem persists, particularly among vulnerable groups, such as children and middle-
aged individuals [21,22]. A comprehensive approach—combining improved infrastructure,
enhanced visibility measures (e.g., lighting and reflectors), and education initiatives—is
necessary to create a safer environment for cyclists [23-25].

This study aims to analyze long-term trends in bicycle accidents in Poland and identify
key risk factors affecting cyclist safety. By examining data from 2016 to 2023, we seek to
assess accident frequency, contributing causes, and injury patterns, providing insights for
policymakers, urban planners, and road safety experts. The findings will contribute to the
development of evidence-based recommendations for enhancing cyclist protection through
infrastructural, regulatory, and technological interventions.

2. Materials and Methods

To ensure the reliability of the data, a rigorous approach to outlier detection and
statistical analysis was employed. Outlier detection was conducted using the Grubbs test,
a method designed to identify extreme values within a dataset by comparing the most
significant deviation from the sample mean relative to the standard deviation. This test,
which assumes a normal distribution, was instrumental in detecting potential anomalies
that could affect the validity of the findings. Assessing the normality of the data distribu-
tion was a crucial step in the analytical process. Several well-established statistical tests
were utilized:

e  The Lilliefors test, a modified version of the Kolmogorov-Smirnov test, which is
particularly suited for small sample sizes where population parameters are unknown.

e  The Shapiro-Wilk test, which is one of the most effective tests for evaluating normality,
especially for datasets with small-to-moderate sample sizes.
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e  The Kolmogorov—Smirnov test, which quantifies the maximum deviation between the
sample distribution and a theoretical normal distribution, making it a commonly used
general normality check.

e  The Jarque—Bera test, which assesses skewness and kurtosis to determine whether a
dataset adheres to a normal distribution.

To verify the homogeneity of variances, the Levene (Brown-Forsythe) test was ap-
plied. This test is particularly useful when data do not conform to normality assumptions,
ensuring that variance differences between groups do not introduce bias in subsequent
statistical analyses. For statistical comparisons, different tests were chosen based on
data characteristics:

e  The Student’s t-test was used to evaluate differences between two independent sample
groups when normality and homogeneity of variance were confirmed.

o  Welch’s t-test was applied when variance homogeneity was violated.

e  The Mann-Whitney U-test, a nonparametric alternative to the t-test, was used when
normality assumptions were not met.

Quantitative variables were described using the sample arithmetic mean (x) and
standard deviation (SD). Additionally, regression analysis was performed to explore rela-
tionships between the independent and dependent variables. The regression coefficient
quantifies the strength and direction of these relationships:

e A positive coefficient suggests that as the independent variable increases, the depen-
dent variable also increases.
e A negative coefficient indicates an inverse relationship.

The combination of these statistical methods provided a robust framework for ana-
lyzing cyclist accident trends in Poland. Based on the statistical analyses presented in this
study, it is possible to gain a broad understanding of bicycle-related accidents in Poland.
While the number of injured cyclists has been decreasing, there is a growing interest in
bicycles as both a recreational means of transport and a practical alternative for commut-
ing to work. One particularly interesting option is the electric bicycle, which features a
pedal-assist system while offering the same benefits as a traditional bike [26]. Another
positive trend is the ongoing expansion of cycling and road infrastructure, which will
undoubtedly contribute to further improvements in safety and accessibility. Research is
also being conducted on the optimal planning of dedicated cycling routes [27].

However, it is crucial to examine the specific causes of accidents and their conse-
quences. Infrastructure design and traffic organization should remain key areas of scientific
inquiry [28], with new technologies such as virtual reality offering promising opportunities
for further study [29].

3. Results

This section presents a detailed analysis of bicycle accidents in Poland from 2016 to
2023. The data are categorized based on location, time (monthly and weekly patterns), age
group, and primary causes. Trends in accidents, injuries, and fatalities are examined to
identify significant patterns and potential factors influencing bicycle safety over the years.

3.1. Accidents by Location

Table 1 summarizes accidents involving cyclists by location. On average, there are
seven times more accidents and eight times more injuries in built-up areas compared
to non-built-up areas. However, the location does not significantly impact the number
of fatal accidents. One possible explanation for this trend is that urban areas, despite
having a higher frequency of collisions, provide quicker access to medical assistance, which
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may reduce the fatality rate. Additionally, the lower speeds of motor vehicles in city
environments might contribute to lower impact forces. In contrast, rural accidents, though
less frequent, may involve higher speeds, increasing the likelihood of fatal outcomes.
The notable decline in fatal accidents can likely be attributed to awareness campaigns
encouraging helmet use and proper lighting.

Table 1. A list of accidents involving cyclists by location.

Nb. Area 2016 2017 2018 2019 2020 2021 2022 2023 Mean (SD)
Acci Built-up 4075 3645 4086 3811 3232 3056 3251 3152 3539 (420)
ccidents
Undeveloped 662 567 626 615 536 457 434 444 543 (89)
Built-up 152 120 155 135 144 90 89 83 121 (30)
Deaths Undeveloped 119 100 131 123 105 95 81 71 103 (21)
iured Built-up 3756 3361 3753 3504 2974 2833 2995 2890 3258 (384)
S Undeveloped 542 463 506 495 429 359 361 374 441 (71)

3.2. Monthly Variations in Accidents, Injuries, and Fatalities

Figure la shows the monthly variation in the number of bicycle accidents from
2016 to 2023. Across all years, accidents peak during the summer months, particularly from
May to September, with the highest values observed in June, July, and August. The lowest
accident counts are in the winter months, from December to February. The general trend
for most years is a significant increase in accidents starting in spring (March—April) and
peaking mid-year, followed by a decline toward the end of the year. This seasonal pattern
is likely due to higher cycling activity in warmer months, as more people use bicycles
for commuting and leisure. Additionally, longer daylight hours and favorable weather
conditions encourage cycling, which increases exposure to potential accidents.

Figure 1b represents the monthly bicycle deaths. Unlike accidents, the monthly death
counts show more variability across years. The peaks in deaths also occur mostly during
the warmer months (May to August), with occasional spikes in different years, such as
2020 and 2023. One possible reason for these fluctuations is that while the total number
of accidents follows a predictable seasonal trend, fatal accidents may depend on specific
factors, such as road conditions, traffic density, or the severity of collisions in particular
years. The number of deaths fluctuates substantially more year to year compared to the
accident graph, with 2020 showing a relatively sharp peak, particularly in the middle of
the year.

Figure 1c tracks monthly injuries, which show a similar pattern to the accidents in
Figure 1a. Injuries tend to increase from March, peaking between May and August, and
decreasing toward the end of the year. The shape of the trend mirrors the accident patterns,
suggesting a strong correlation between accidents and injuries, though slight variations in
the magnitudes of injuries exist across different years.

Figure 1d presents a trendline showing the total number of accidents, injuries, and
deaths over time from 2016 to 2023. Both accidents and injuries show a steady decline
over this period. The negative correlations (r = —0.8610 for accidents and r = —0.8631 for
injuries) indicate a significant downward trend for both variables, suggesting that despite
seasonal and yearly fluctuations, the overall number of accidents and injuries has decreased
from 2016 to 2023. This decline may be attributed to several factors, including improved
road infrastructure, increased awareness campaigns, and possibly a shift in transportation
habits, with some cyclists switching to alternative modes of transport.
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Figure 1. Number of bicycle accidents (a), deaths (b), and injuries (c) vs. month. Correlations between
bicycle accidents, injuries, and deaths vs. year (d).
3.3. Accidents by Day of the Week
Table 2 provides a comprehensive analysis of bicycle accidents, injuries, and fatalities
across different days of the week from 2016 to 2023. Accidents are most frequent on
weekdays, with Fridays consistently recording the highest numbers, particularly in 2016
(842) and 2018 (758). In contrast, weekends see fewer accidents, with Sundays typically
having the lowest figures. A general decline in accidents is observed across all days of the
week over the study period.
Table 2. Number of bicycle accidents, deaths, and injuries according to days of the week.

Day 2016 2017 2018 2019 2020 2021 2022 2023 Mean (SD)
Monday 708 703 722 690 546 541 576 540 628 (84)
Tuesday 746 643 738 650 609 541 570 552 631 (79)

Wednesday 693 692 776 668 589 566 630 534 644 (79)
Accidents  Thursday 792 634 692 731 599 555 655 604 658 (77)
Friday 842 699 758 722 606 569 576 609 673 (98)
Saturday 546 460 560 547 456 410 371 405 469 (73)
Sunday 410 381 468 418 363 331 307 352 379 (52)
Monday 37 43 29 43 40 27 33 28 35 (7)
Tuesday 26 38 43 35 36 28 23 22 31 (8)
Wednesday 34 38 49 35 37 23 33 18 33 (9)
Deaths Thursday 52 29 42 33 38 33 26 27 35(9)
Friday 55 34 56 41 42 29 25 28 39 (12)
Saturday 44 22 41 32 35 21 15 19 29 (11)
Sunday 23 16 26 39 21 24 15 12 22 (8)
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Table 2. Cont.

Day 2016 2017 2018 2019 2020 2021 2022 2023 Mean (SD)
Monday 635 628 657 620 494 489 510 478 564 (77)
Tuesday 690 570 663 588 554 493 521 502 573 (72)

Wednesday 629 635 705 608 528 527 571 489 587 (71)
Injuries Thursday 727 569 629 661 546 508 605 546 599 (72)
Friday 745 641 668 647 548 517 527 550 605 (82)
Saturday 487 424 506 494 403 361 346 372 424 (64)
Sunday 385 357 431 381 330 297 276 327 348 (51)
Fatalities are notably higher on Thursdays and Fridays in many years, with 2016
showing peak numbers on Thursdays (52) and Fridays (55). Sundays consistently record
the fewest fatalities. The higher number of fatalities on Thursdays and Fridays may be
related to increased evening cycling activity, possibly influenced by social and recreational
outings. Additionally, interactions with higher traffic volumes, particularly near the end of
the workweek, could contribute to the increased risks.
Injuries follow a similar pattern to accidents, with the highest numbers recorded on
Fridays and Thursdays, particularly in 2016 and 2018. Sundays consistently report the
fewest injuries. Like accidents, injuries show a general decline over the years. For example,
injuries on Mondays dropped from 635 in 2016 to 478 in 2023.
3.4. Accidents by Age Group
Table 3 shows the number of bicycle accidents, deaths, and injuries from 2016 to 2023,
categorized by age group in Poland. Cyclists aged 40-59 and 25-39 consistently account for
the highest number of accidents across the years, with notable peaks in 2019 (344 and 310,
respectively). Cyclists over 60 also see a steady increase in accidents, peaking at 442 in 2018
and remaining high through 2023. The high number of accidents in these age groups may
be due to increased cycling for commuting and exercise. Additionally, older cyclists may
face higher risks due to slower reaction times and physical vulnerabilities.
Table 3. Accidents caused by cyclists by age.
Age [Years] 2016 2017 2018 2019 2020 2021 2022 2023 Mean (SD)

0-6 14 14 14 10 4 1 12 7 10 (5)

7-14 286 267 286 244 161 201 209 171 228 (50)

15-17 122 106 130 96 94 79 69 90 98 (21)

Accidents 18-24 137 124 128 121 90 77 76 92 106 (24)

25-39 289 284 311 310 248 237 246 238 270 (32)

40-59 347 300 318 344 355 264 303 310 318 (30)

>60 104 377 442 419 379 296 309 309 329 (106)

0-6 - 1 - - - - 2 - 0(1)

7-14 10 5 2 7 2 2 3 5 5(3)

15-17 5 1 4 5 3 1 2 2 3(2)

Deaths 18-24 5 4 3 2 3 3 2 1 3(1)

25-39 13 9 16 14 7 5 4 7 9(4)

40-59 39 36 32 36 35 16 25 20 30 (8)

>60 67 63 75 67 61 49 34 40 57 (14)
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Table 3. Cont.
Age [Years] 2016 2017 2018 2019 2020 2021 2022 2023 Mean (SD)
0-6 15 14 14 11 4 1 10 7 10 (5)
7-14 283 271 289 241 166 205 210 174 230 (48)
15-17 124 110 134 93 92 84 70 90 100 (21)
Injuries 18-24 139 126 128 126 93 77 81 93 108 (24)
25-39 294 285 306 314 253 241 258 238 274 (30)
40-59 315 272 301 328 331 266 289 302 301 (24)
>60 427 326 377 358 327 256 286 282 330 (56)
Cyclists over 60 account for the most deaths, particularly in 2018 (75) and 2019 (67).
The 40-59 age group also shows significant fatalities, with 39 deaths in 2016 and smaller
fluctuations afterward. The higher fatality rates among older cyclists may be explained by
greater physical fragility, making them more susceptible to severe injuries in crashes.
3.5. Main Factors Contributing to Accidents
Table 4 outlines the primary causes of accidents involving cyclists. The leading cause
is failure to yield the right of way, although the frequency of such incidents appears to
be declining (Figure 2a). Another notable cause is the failure to adjust speed to traffic
conditions, which shows an upward trend (Figure 2b). The increasing prevalence of
electric bicycles in recent years may explain why cyclists are traveling at higher speeds.
Furthermore, the number of incidents involving cyclists due to improper overtaking has
been rising steadily year by year (Figure 2d). The rise in speed-related accidents suggests
that traditional safety measures may not be fully adapted to modern cycling behaviors,
particularly with the emergence of electric bicycles. It also highlights the need for new
regulations to manage cycling speeds and ensure safe interactions with other road users.
Table 4. Primary causes of road accidents involving cyclists.

Cause Accident 2016 2017 2018 2019 2020 2021 2022 2023 Mean (SD)
Failure to yield Accidents 615 518 605 584 464 399 394 370 494 (101)
the right of way Dgaths 57 51 62 63 44 38 28 34 47 (13)

Injured 575 485 558 531 428 379 375 347 460 (90)
Failure to adjust ~ Accidents 136 116 113 139 184 160 204 229 160 (42)
speed to traffic Deaths 4 4 1 3 7 2 6 5 4(2)
conditions Injured 134 116 112 138 180 158 206 227 159 (42)
. Accidents 215 188 181 159 171 126 137 159 167 (28)
Improper turning  pyo; g 31 24 20 22 15 13 14 10 19 (7)
maneuver Injured 191 169 164 144 158 120 129 159 154 (23)
propeiinne Accidents 45 46 38 43 42 40 27 26 38 (8)
change Deaths 3 8 8 8 11 7 3 5 7 (3)
Injured 43 41 30 39 32 35 26 21 33 (8)
Improper Accidents 91 65 76 69 90 89 94 112 86 (15)
overtaking Deaths 2 1 4 3 6 2 3 7 4(2)
Injured 97 70 76 78 97 97 100 116 91 (15)
Failure to Accidents 38 37 42 42 39 40 58 39 42 (7)
maintain a safe Deaths 1 - 1 2 - 1 4 1 1(1)
distance Injured 42 37 44 44 44 41 57 40 44 (6)
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Figure 2. Failure to yield the right of way (a); failure to adjust speed to traffic conditions (b); improper
turning maneuver; (c) improper overtaking (d).

3.6. Summary and Interpretation

The analysis of bicycle accidents in Poland from 2016 to 2023 highlights several key
trends. While overall accidents and injuries have been declining, certain risk factors
remain significant. Older cyclists (40-59 and over 60) are at the highest risk for accidents,
injuries, and fatalities, emphasizing the need for targeted safety campaigns focusing on
this demographic. The increasing role of e-bikes in accidents suggests that current traffic
laws may require adjustments to better regulate their use. Seasonal trends show that
summer months have the highest accident rates, indicating a need for increased road safety
measures and awareness campaigns during this period.

Additionally, infrastructure improvements such as better lighting, dedicated cycling
lanes, and clearer road markings may help mitigate common accident causes. Policies
encouraging helmet use and better traffic regulation enforcement could further reduce
accident severity. Future research should focus on evaluating the effectiveness of re-
cent safety measures and identifying additional interventions to reduce bicycle-related
accidents further.

4. Discussion—Medical Considerations and Analysis

The results of our analysis highlight several important aspects of bicycle accident
trends in Poland. The decline in overall accident numbers from 2016 to 2023 suggests that
existing safety measures, such as awareness campaigns and improved infrastructure, may
be contributing to enhanced road safety. However, certain risk factors remain significant
and require further attention.
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4.1. Seasonal and Weekly Patterns

The clear seasonal variation in bicycle accidents aligns with findings from other Euro-
pean studies [10,11]. The highest accident rates during the summer months (May—-August)
coincide with increased cycling activity due to favorable weather conditions. This trend
is consistent with studies conducted in Germany and the Netherlands, where accident
peaks occur during warm months due to higher cyclist exposure [15,18]. Additionally, the
decrease in accidents during winter is likely linked to lower cyclist numbers, reduced road
traction, and shorter daylight hours, as observed in Scandinavian studies [19].

The weekly distribution of accidents follows an expected pattern, with more incidents
occurring on weekdays. This pattern aligns with mobility trends observed in Poland, where
bicycles are frequently used for commuting [4]. The notably high number of accidents
on Fridays suggests an increased risk related to end-of-week traffic congestion. This
phenomenon is consistent with reports from other European cities, where accident peaks
on Fridays have been linked to a combination of high vehicle traffic and increased leisure
cycling activity [7].

4.2. Age-Related Risk Factors

Our findings indicate that cyclists aged 40-59 and over 60 account for the highest
number of accidents and fatalities. The vulnerability of older cyclists is well-documented
in global studies, which attribute this trend to slower reaction times, decreased stability,
and increased susceptibility to severe injuries [12,13]. The disproportionately high fatality
rate among cyclists over 60 is particularly concerning, mirroring trends observed in studies
from the United States and Japan, where elderly cyclists face a significantly higher risk of
fatal head trauma [20,21]. These findings emphasize the need for targeted safety measures,
such as educational campaigns and infrastructure modifications aimed at improving safety
for older cyclists.

4.3. Primary Causes of Accidents

Failure to yield the right of way remains the leading cause of bicycle accidents in
Poland, a trend consistent with studies from other European countries [22]. This suggests
that despite improvements in infrastructure, conflicts between cyclists and motor vehicles
at intersections continue to pose a serious risk. The increasing number of accidents linked
to failure to adjust speed to traffic conditions is particularly noteworthy. This trend may
be partially explained by the growing popularity of electric bicycles, which allow cyclists
to reach higher speeds than traditional bicycles [26]. Research from China and the USA
similarly highlights the role of speed in increasing accident severity among e-bike users [30].

Another concerning trend is the rising number of accidents related to improper over-
taking. This finding suggests that cyclists and motorists may struggle with visibility and
road-sharing behavior. Studies from Sweden and Denmark indicate that the introduction
of separate cycling lanes significantly reduces such incidents [17]. Expanding dedicated
cycling infrastructure in Poland could therefore help address this issue.

4.4. Implications for Cyclist Safety

The downward trend in accidents and injuries from 2016 to 2023 suggests that existing
measures are having a positive impact. However, our findings highlight areas that require
further attention:

e  Helmet Use: While our study did not directly analyze helmet usage rates, international
research consistently emphasizes the protective benefits of helmets in reducing head
injury severity [31-33]. Encouraging helmet adoption, particularly among high-risk
groups, could further enhance cyclist safety.
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e Infrastructure Improvements: Research shows that well-designed bicycle paths
and traffic-calming measures significantly reduce accident rates [15,16]. Expand-
ing Poland’s cycling infrastructure with clearer road markings, improved lighting, and
better intersection designs could mitigate key risk factors.

e  Education and Awareness: Safety campaigns targeting older cyclists and e-bike users
could help reduce accident rates. Studies indicate that public awareness efforts, such
as those implemented in the Netherlands, can lead to measurable improvements in
road safety [7].

e  Regulation Enforcement: Stricter enforcement of traffic laws, particularly at intersec-
tions, could help address the common causes of accidents. International case stud-
ies suggest that targeted enforcement campaigns effectively reduce cyclist-motorist
collisions [23-25].

4.5. Implications for Cyclist Safety

While our study provides valuable insights, certain limitations must be acknowledged.
The analysis is based on police-reported data, which may underrepresent minor accidents
and injuries that do not require police intervention [34-36]. Future research should in-
corporate hospital and trauma center data to provide a more comprehensive assessment
of injury patterns. Additionally, a comparative analysis with other countries would help
contextualize Poland’s accident trends within a broader international framework.

5. Conclusions

The analysis of bicycle accident data from 2016 to 2023 has provided critical insights
into the key risk factors affecting cyclists in Poland. A significant finding is the increasing
number of accidents involving children and teenagers, particularly in school zones and
residential areas. The correlation between these incidents and peak commuting hours
highlights the urgent need for improved cycling infrastructure near schools and enhanced
road safety education. Targeted measures, such as the expansion of designated cycling
routes and structured safety programs for young riders, could help mitigate these risks.

Another crucial observation is the high frequency of collisions between cyclists, partic-
ularly on shared-use paths and in high-density cycling areas. Poor visibility at intersections,
unclear traffic markings, and differences in cycling speeds were identified as contribut-
ing factors. These results underscore the necessity of redesigning cycling infrastructure,
introducing clearer traffic regulations, and promoting safer cycling practices through
awareness campaigns.

Additionally, this study revealed a growing number of accidents involving electric
bicycles, with a strong correlation between higher speeds and more severe injuries, particu-
larly head trauma. This trend suggests that current regulations may not sufficiently address
the specific risks associated with e-bikes. The findings support the need for speed restric-
tions on cycling paths, stricter enforcement of helmet use, and targeted safety measures for
vulnerable groups such as children and elderly cyclists [37,38].

Furthermore, accident hotspots were identified, particularly in urban centers where
cycling infrastructure is inadequate or poorly integrated with pedestrian and vehicular
traffic. By mapping these high-risk locations, this study provides valuable data to sup-
port evidence-based urban planning. Targeted interventions, including better lighting,
improved signage, and dedicated cycling lanes, could significantly reduce accident rates in
these areas.

In summary, this study highlights the necessity of a comprehensive, data-driven
approach to improving cyclist safety in Poland. A combination of infrastructure improve-
ments, policy adjustments, educational initiatives, and enhanced enforcement of safety
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regulations is essential for reducing accidents and promoting cycling as a safe and sustain-
able mode of transport. The findings offer a strong foundation for policymakers and urban
planners to implement effective strategies that will enhance road safety for all cyclists.
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