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Abstract

Objectives: To determine the epidemiological characteristics of bicycling-related maxillofacial
fractures in a defined population and to identify factors contributing to these injuries. Methods: An
8-year prospective analysis was carried out, including all patients presenting with bicycling-related
maxillofacial fractures at a tertiary care center from 2017 through 2024. Data recorded for each patient
included age, gender, date and cause of injury, risk factors, type of facial fractures, other injuries,
hospital stay, and helmet use. Statistical analysis was performed using SPSS 20. Continuous variables
were assessed for normality (Shapiro-Wilk test) and compared using the Mann-Whitney test.
Categorical variables were analyzed with chi-square tests. A p-value < 0.05 was considered
statistically significant. Results: Out of 899 cycling accident patients seeking medical treatment, 122
(13%) sustained facial fractures, accounting for 4% of all facial fracture cases in our department
during the study period. The male:female ratio was 2.6:1, and the mean age was 29.5 years (SD 12.8,
range 13-77). Collision with another object/vehicle was the most common cause (64%), followed by
isolated falls (36%). A total of 135 facial fractures were recorded (some patients had multiple
fractures). Mandibular fractures were most frequent (49% of patients) followed by zygomatic (32%),
orbital (13%), nasal (7%), maxillary (2%) and frontal (2%) fractures. Within mandibular injuries,
condylar fractures were the most common subtype (63%). Concomitant injuries were present in 20%
of patients, most often orthopedic limb injuries. Only 27% of patients reported always wearing a
helmet, whereas 43% never more one. Conclusions: Bicycling-related facial injuries are a noteworthy
subset of facial trauma. Missed or delayed diagnosis can lead to lasting deformities and functional
issues. Preventive strategies —especially promoting helmet use and improving helmet design— along
with broader safety measures are important to reduce the incidence and severity of these injuries.

Keywords: bicycling; maxillofacial trauma; injury prevention; helmet use

1. Introduction

Maxillofacial trauma often requires multidisciplinary care and can result from various causes
such as traffic accidents, falls, assaults, and sports. The epidemiology of facial fractures varies by
geographic region and time period. Different trauma mechanisms are associated with different injury
patterns (in terms of patient age, gender, fracture site, and injury severity); understanding these
patterns can guide more effective prevention and treatment strategies [1-3].

Bicycling is a popular form of transportation and exercise across all ages, but it carries a risk of
injury. Traffic accidents —including bicycle crashes— are among the most common causes of
maxillofacial fractures, with bicycle accidents reportedly responsible for about 2-18% of facial
fractures in published series [4-6]. Seville, Spain, provides a pertinent context; the city has undergone
a rapid expansion of bicycle infrastructure. Before 2005, bicycle use in Seville was minimal and
mainly recreational. In 2006, an ambitious plan added over 80 km of bike lanes in one year and
introduced a public bike-share program. Bicycle modal share increased from 0.5% in 2006 to 7% in
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2013. The Copenhagenize Index ranked Seville among the top ten bicycle-friendly cities worldwide.
With the surge in cycling activity, an increase in bicycle-related accidents followed [7-11].

The objective of this study was to characterize the epidemiology of bicycling-related
maxillofacial fractures in Seville since 2017, to identify key risk factors contributing to these injuries,
and to propose countermeasures to improve cyclist safety.

2. Materials and Methods

This study is a prospective analysis of acute maxillofacial fractures sustained in bicycling-related
accidents, treated at the Department of Oral and Maxillofacial Surgery between January 2017 and
October 2024. Bicycling-related injury was defined as any trauma occurring while the patient was
riding a bicycle. We reviewed hospital records, including clinical notes and imaging, for all patients
meeting these criteria. Data collected included age, gender, date of injury, cause/mechanism of the
crash (collision or fall, and specific circumstances), presumed risk factors, type and location of facial
fractures, injuries to other body regions, length of hospitalization, and helmet use pattern. Exclusion
criteria were incomplete patient records and minor superficial injuries (abrasions or contusions)
without any facial fracture. Data analysis was performed using IBM SPSS Statistics 20 (IBM Corp.,
Armonk, NY, USA). Continuous variables were tested for normal distribution with the Shapiro-Wilk
test. Because most continuous data were non-normal, comparisons between groups were made using
the Mann-Whitney U test. Categorical variables were analyzed with chi-square tests. A p-value <
0.05 was considered statistically significant.

This study was approved by the Research and Clinical Ethics Committee and was conducted in
accordance with the principles of the Declaration of Helsinki.

3. Results

During the 8-year study period, 899 patients were evaluated for cycling-related accidents.
Bicycle-related facial fractures were diagnosed in 122 of these cases, representing 13% of cycling
accident patients and approximately 4% of all patients with facial fractures seen at our institution in
that timeframe. There were 88 male and 34 female patients (male:female ratio 2.6:1). The mean age
was 29.5 years (SD 12.8, range 13-77 years). Table 1 summarizes the number of male and female
patients admitted each year with bicycle-related facial fractures.

By age group, young adults were most frequently affected. Patients aged 20-29 years formed the
largest group (43 patients, 35%), followed by those 10-19 years old (31 patients, 25%). Table 2 shows
the age distribution by decade and gender.

Table 1. Admitted patients with bicycle-related maxillofacial fractures per year.

Year Males Females
2017 9 4
2018 13 4
2019 13 6
2020 5 1
2021 12 4
2022 10 4
2023 13 5
2024 13 6

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0027.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 August 2025 d0i:10.20944/preprints202508.0027.v1

3 of 10

Table 2. Gender and age-group distribution of patients.

Decades Males Females Total

(years) Patients
10-19 23 8 31
20-29 30 13 43
30-39 15 6 21
40-49 13 4 17
50-59 4 1

60-69 1

70-79 1

Total 88 34 122

The incidence of bicycle-related maxillofacial injuries by month is illustrated in Figure 1. Cases
were highest from April through September (spring and summer months). There was no significant
difference in incidence across different days of the week.
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Figure 1. Admitted patients with bicycle-related maxillofacial fractures by month of occurrence over an 8-year

period. is a figure. Schemes follow the same formatting,.

Risk factors were identifiable in 83 patients (68%). Some patients had multiple contributing
factors. The key risk factors observed were: not wearing a helmet: 33 patients (27%); involvement of
a motor vehicle: 25 patients (20%); cycling with headphones (music/earpieces): 23 patients (19%);
riding during early evening (dusk): 21 patients (17%), unsafe road conditions (e.g., rain, road works):
15 patients (12%); mechanical failure of the bicycle: 14 patients (11%); alcohol use by the cyclist: 11
patients (9%); and competitive or high-speed cycling (racing): 10 patients (8%). Figure 2a shows the
key risk factors observed in our series.

Most patients (93%) sustained a single facial fracture, while 7% had multiple facial fractures. The
distribution of fracture types is as follows: mandible in 60 patients (49%), zygomatic complex in 39
(32%), orbital in 16 (13%), nasal in 9 (7%), maxillary in 2 (2%), and frontal in 2 (2%). Figure 2b shows
the distribution of fracture types in our series. Mandibular fractures were the most common, and
among these, the condylar region was by far the most frequently fractured site (seen in 63% of
patients with mandibular fractures).
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Figure 2. (a) Risk factors for injury. Understanding these factors is crucial for promoting safe cycling practices and reducing the likelihood of accidents and injuries. of what is contained in the first

panel; (b) Distribution of facial fracture types in our series. Mandibular fractures were the most common.
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The majority of patients did not require prolonged hospitalization. For patients who had no
other injuries besides the facial fracture, the average hospital stay was 4 days (SD 1.2 days). Self-
reported helmet use among the cohort was low: 43% of patients said never wore a bicycle helmet,
and 32% reported inconsistent or occasional helmet use. Only 26% of patients stated that they always
wore a helmet while cycling.

Associated injuries (outside of the facial region) were documented in 24 patients (20%). Among
these concomitant injuries, orthopedic trauma to the limbs was most common (42% of those with
associated injuries). Dental injuries were also frequent, found in 33 patients (27% of all cases). The
most common dental trauma was tooth fracture (43% of those with dental injuries), followed by tooth
luxation (32%) and tooth avulsion (25%). In 80% of cases with dental injuries, the upper anterior teeth
were involved. Traumatic brain injuries (e.g. intracranial injuries or concussions) were noted in 7
patients (6%). These head injuries were associated with a significantly longer hospital stay (mean
30£7 days). Importantly, none of the patients who sustained a concomitant cranial injury were
wearing a helmet at the time of their bicycle crash.

4. Discussion

Overall, the incidence of automobile-related trauma has declined in recent years due to
improved safety measures like seatbelts and airbags. However, injuries from other modes of
transport —such as bicycles— have increased in frequency as these activities grow in popularity. This
trend is evident in Seville following the expansion of its cycling network in 2006. Seville is a flat city
in southern Spain with a mild climate for most of the year, which makes it well-suited to cycling. The
metropolitan area has about 1.5 million inhabitants. The dramatic increase in cycling infrastructure
and usage (from virtually zero daily cyclist in 2005 to a 7% modal share by 2013) was accompanied
by a rise in bicycle accidents. Several factors likely contributed to the spike in accidents. Firstly, the
design and layout of some new bike lanes led to conflict points with motor vehicle traffic and
pedestrians. In certain areas, bicycle lanes intersect with roads and spot where drivers have limited
visibility, resulting in collisions. Secondly, there was a lack of public education on safe cycling
practices when the infrastructure was introduced. Many new cyclists were unfamiliar with how to
safely share the road or bike paths with cars and pedestrians, leading to improper use of the lanes.

Bicycling-related injuries have become an important etiological factor in maxillofacial trauma.
Notably, differences in maxillofacial injury rates across regions can be explained by differences in
exposure to cycling, local habits, and demographic characteristics of cyclists [11-15]. It is also
recognized that injuries to cyclists are under-reported in official road traffic data, because single-
bicycle crashes (falls without collision) often go unreported to police. Therefore, hospital-based data
provide crucial insight into the true burden of cycling injuries [6,9].

Boffano et al. conducted a comprehensive study of bicycle-related maxillofacial injuries in two
European centers (Turin, Italy, and Amsterdam, Netherlands) between 2001 and 2010 [16]. Their
findings on the proportion of facial fractures caused by cycling and the injury patterns are
comparable to those in our series. In our study, bicycle-related fractures consistently represented a
measurable subset of all facial fractures each year from 2017 to 2024. However, it is possible that we
underestimated the total number of cycling-related facial injuries in the community. Some cases
might have been classified differently (for example, attributed to a simple fall rather than a “bicycle
accident” in records) or not brought to medical attention at all (especially if the fracture was
nondisplaced and symptoms were mild). Cyclists who crash without serious symptoms may not seek
treatment, and thus their injuries would not be captured in our dataset. Our series includes the
COVID pandemic period. During the first year of the pandemic, there was a 35,2% reduction in
maxillofacial fractures, including those from bicycle-related accidents, compared to the year before
the pandemic. A significant decrease was detected, compared to the pre-pandemic year. A significant
decrease was detected during the period of total home confinement (March 15%- June 21th, 2020) [17].

The demographic profile of our patients aligns with trends reported in other studies [6-9].
Young male adults made up the majority of bicyclist trauma patients. Individuals in their teens
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through thirties are more likely to cycle frequently (often as a mode of transport in our city) and may
exhibit higher risk-taking behavior, which increases their injury risk. We also observed that the most
severe facial fractures tended to occur in scenarios involving motor vehicles. In fact, maxillofacial
injuries are about three times more likely in crashes that involve a motor vehicle compared to bicycle-
only incidents. This may partially explain why the risk of facial fracture appears to decrease as impact
speed decreases (in purely bicycle falls), although this correlation is complex and confounded by
factors such as the cyclist’s experience and caution levels. It is also worth noting that categorizing an
injury as “motor vehicle involved” does not in itself explain the mechanism. Some bicycle-motor
vehicle collisions happen because of cyclist error (e.g., losing control or mechanical failure leading
into traffic), while others are due to driver error (e.g., a car turning into a cyclist’s path). A study by
Juhra et al. combined police reports with hospital records to get a fuller picture of bicycle accidents,
highlighting that many minor bicycle incidents never reach hospital data and vice versa [12]. Such
combined data give a more accurate statistical pool for understanding cycling accidents.

Consistent with prior reports, the mandible was the most commonly fractured facial bone in
bicycle accidents [18-21]. In our series, nearly half of the patients had a mandibular fracture, and
among those, the condylar process was the most frequent fracture site. Falls from the bicycle often
result in the rider landing on the chin —the most prominent and exposed part of the face- which
transmits force to the mandibular condyles, leading to fracture of the condylar neck. The mandible’s
biomechanical properties explain this: the mandibular symphysis and body are relatively thick and
robust, whereas the condylar neck is a thinner, more fragile area that serves as a stress point.
Clinically, a patient with a condylar fracture may present with preauricular swelling and pain,
limited jaw opening, and malocclusion. In our management protocol for bicycle trauma, careful
examination of mandibular movement (jaw opening, lateral excursions, and bite alignment) is
essential to detect condylar injuries that might otherwise be overlooked on initial assessment.

Facial fractures in cyclists can be accompanied by other traumatic injuries, so a multidisciplinary
evaluation is important. In our study, 20% of patients had injuries beyond the facial region.
Orthopedic injuries (particularly to arms and legs) were the most common concomitant trauma. This
emphasizes that bicycle trauma patients benefit from thorough trauma protocols and imaging (such
as whole-body computed tomography when indicated) to identify all injuries, rather than focusing
only on obvious facial wounds.

There are multiple opportunities to reduce the risk of severe injuries for bicyclists. One of the
most effective measures is the use of safety helmets. Previous studies have shown that bicycle helmets
can prevent between 65 and 88% of serious head injuries [6,7]. Helmets provide a substantial
protective effect by absorbing impact energy and shielding the skull and upper face. Indeed, they are
particularly effective in crashes that do not involve high-speed motor vehicles — for example, when
a cyclist falls or in low-speed collisions— as they can prevent direct head impact. In our series, we
observed that none of the patients who sustained serious head injuries were wearing helmets,
underscoring the protective value of helmet use.

Despite the known benefits of helmets, their usage varies widely. Richard et al. reported that in
France the rate of helmet wearing among cyclists increased significantly from 2000 to 2010 (roughly
7% to 22%), yet this rise did not correspond to a measurable decrease in overall bicycle accidents [22].
This suggests that while more people wore helmets, other factors may have influenced the total
number of accidents (such as increased cycling exposure or risk compensation). In California, Castle
et al. found almost no change in helmet usage or head injury rates among cyclists in Los Angeles
County after the introduction of a mandatory helmet law for minors [23]. By contrast, in New South
Wales, Australia, a mandatory helmet law was associated with a significant and sustained reduction
in head injuries among cyclists; Olivier et al. documented a steady decline in head injury rates
following the law’s implementation [24]. These differing outcomes indicate that legislation and
public health campaigns around helmet use can have varying effectiveness depending on
enforcement and the public’s response.
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In Spain, current law requires cyclists under 16 years old to wear a helmet when riding in urban
areas, but helmet use for adults in cities is only recommended, not mandatory. Our findings strongly
support encouraging helmet use for riders of all ages, not just children. It is important to
acknowledge, however, that standard bicycle helmets (which comply with the European EN-1078
standard) do not cover the entire face — they primarily protect the cranium and upper part of the face,
leaving the lower face (especially the jaw and chin) exposed [25-27]. Therefore, even with a helmet,
a cyclist can sustain facial injuries, particularly in high-impact crashes involving vehicles. Some critics
of helmet promotion have pointed out potential limitations and biases in helmet effectiveness studies
(for example, suggesting that riskier riders are less likely to wear helmets, or that helmets might not
help in certain high-severity impacts). We do not suggest that simply not wearing a helmet causes
accidents — the decision to wear a helmet likely does not affect whether a crash occurs— but helmet
use does mitigate the severity of injuries when accidents happen. Improving helmet design to offer
more facial coverage and better impact absorption could further reduce injury severity. For instance,
innovative helmet technologies, such as inflatable “airbag” helmets, have been developed to provide
enhanced protection for cyclists’ heads and are an area of active interest for injury prevention [28,29].

Ample evidence supports the injury-prevention benefits of helmets. Studies have shown that
wearing a helmet significantly reduces the risk of head and brain injuries, and conversely that not
wearing a helmet is strongly associated with sustaining severe head trauma in a crash [30]. Our
study’s findings are consistent with this: patients who did not wear helmets had a markedly higher
risk of head injury and were more likely to require hospital admission for head trauma, indicating
greater injury severity. This aligns with other reports in the literature that link helmet non-use to
more serious injury outcomes [31,32]. Besides helmets, other technological interventions may
improve cyclist safety in the near future. For example, Anagnostopoulos et al. have developed a
system in which traffic signals can detect an approaching cyclist by communicating with the cyclist’s
smartphone, allowing traffic lights to adjust and give cyclists priority or additional crossing time [33].
Similarly, various vehicle-to-vehicle and vehicle-to-cyclist communication systems (using ad-hoc
wireless networks) are being tested to alert drivers and cyclists to each other’s presence. Such
innovations could help prevent collisions by providing early warnings and adapting traffic control
to protect cyclists.

It should be noted that while bicycle-related maxillofacial injuries have been studied extensively,
the emergence of electric scooters (e-scooters) as a popular urban transport has introduced new
patterns of craniofacial injuries. Currently, research on e-scooters-related injuries is limited, despite
the increasing number of users in cities across Europe and elsewhere. This gap in knowledge will be
addressed in future investigations, where we plan to compare the characteristics of facial injuries
from e-scooter accidents with those from bicycle accidents. Understanding any differences in injury
patterns between these two transport modalities will be crucial for developing effective safety
measures and public health interventions tailored to each [34].

Our study has several limitations. Firstly, it was conducted at a single tertiary referral hospital
in Andalusia. As a major regional center, our hospital tends to receive more severe craniofacial
trauma cases, which may not be fully representative of all bicycle injuries in the community. Minor
facial injuries (for example, uncomplicated nasal fractures or tooth injuries) might be managed at
smaller clinics or not at all, leading to underestimation of less severe cases. Consequently, the true
incidence of bicycle-related facial injuries is likely higher than what we report, as many cyclists with
milder injuries would not present to our department. Secondly, some fractures —particularly condylar
fractures of the mandible— can be easily missed if they are not displaced and the patient’s symptoms
are mild. It is common for a subset of patients with condylar fractures to be managed conservatively
(with rest, soft diet, and analgesics) without referral to specialist care. We have encountered patients
who presented later with chronic temporomandibular joint dysfunction, only to discover a remote
history of an untreated condylar fracture. Thus, our series may under-represent certain injury types
due to these diagnostic challenges. Finally, the sample size (122 patients over 8 years) is relatively
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small for extensive subgroup analysis, reflecting the fact that serious maxillofacial injuries from
cycling are still infrequent on a population level.

5. Conclusions

Maxillofacial trauma is a common injury that can result from a variety of causes. This study
focused on bicycle-related facial injuries in an urban setting with a high adoption of cycling. In our
series, mandibular fractures were the most frequent type of injury, with condylar fractures being the
predominant subtype, often resulting from direct impacts to the chin during falls. Although
bicycling-related maxillofacial fractures are relatively rare, awareness of their frequency, causes, risk
factors, and anatomical distribution is important for emergency and trauma teams who are first to
assess these patients. Early recognition and timely management are crucial, as missed diagnoses or
delayed treatment can lead to permanent facial deformities and functional impairments.

We identified several key risk factors in these injuries, notably the lack of helmet use,
involvement of motor vehicles, distraction (such as headphone use), and riding during the early
evening hours. These insights can inform targeted public health strategies and injury prevention
programs. Efforts to make cycling safer should include promoting the use of protective helmets —
since helmets can significantly reduce the risk of head and facial injuries — while also recognizing that
helmets alone cannot prevent all injuries. Improving infrastructure design, enforcing traffic laws,
educating both cyclists and drivers, and advancing helmet technology are all necessary components
of a comprehensive approach to reduce the occurrence and severity of bicycling-related facial trauma.
By combining these strategies, urban areas can work towards safer sustainable transport systems that
protect cyclists from serious injuries.
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