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Purpose: With the increased use of both e-bike and conventional bicycle, the number of bicycle-related
accidents has increased accordingly. To determine whether there are differences in maxillofacial injuries

between these 2 types of bicycle accidents, e-bike and conventional bicycle accidents were compared.

Material and Methods: A retrospective cohort study was conducted for all the consecutive patients

withmaxillofacial injury due to e-bike and conventional bicycle accidents attending the emergency depart-

ment of 4 hospitals in the Netherlands between May 2018 and October 2019. Primary outcomes are maxil-

lofacial fractures present or absent and the severity of maxillofacial injury using the Maximum Abbreviated

Injury Scale and Facial Injury Severity Scale (FISS) after e-bike and conventional bicycle accidents. A binary

logistic regression analysis was used to assess differences in risk between an e-bike and conventional bicy-

cle accident, where age, alcohol use, and comorbidities were added as covariates, for maxillofacial frac-

tures, dental injury, and severe maxillofacial fractures.

Results: In total, 311 patientswere included (73 e-bikers and 238 conventional cyclists). Sex distribution

was equal in both groups (45% male vs 55% female). The e-bike group was older (66 vs 53 median age in
years, P < .001) and had more comorbidities (0 vs 1, P < .001), while alcohol use was higher in the con-

ventional bicycle group (32% vs 16%, P = .008). e-Bikers sustained midfacial fractures more frequently

(47% vs 34%, P = .04), whereas conventional cyclists more often had mandibular fractures (1% vs 11%,

P = .01). Although median Maximum Abbreviated Injury Scale and FISS scores did not differ between e-

bike and conventional bicycle accidents, severe maxillofacial fractures (FISS score $ 2) were observed
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1362 MAXILLOFACIAL FRACTURES IN BICYCLE ACCIDENTS
more often in the conventional cyclists (45% vs 25%, P = .04). No significant differences in risk of midfacial,
mandibular, and severe maxillofacial fractures were found between e-bikers and conventional cyclists ir-

respective of their age, alcohol use, and comorbidities.

Conclusion: Both the distribution and the severe maxillofacial fractures differed between the e-bike and

conventional bicycle accident patients. Patient-specific characteristics, such as age, alcohol use, and co-

morbidities, may have a greater influence on sustaining maxillofacial fractures than the type of bicycle

ridden.

� 2022 The Authors. Published by Elsevier Inc. on behalf of the American Association of Oral and

Maxillofacial Surgeons. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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Bicycles are becoming an increasingly popular means
of transport. Electric bicycles or ‘‘e-bikes’’ have been

categorized as assisted physical pedaling with electric

power, with the capacity to travel at higher speeds of

up to 25 km/h or 15 mph. With the increased use of

both conventional bicycles and e-bikes on Dutch

cycling paths, the number and proportion of bicycle-

related injuries have increased accordingly.1,2

Bicycle-related accidents are frequently associated
with head and facial injuries. Facial injuries have

been seen in 34% of the injured cyclists admitted to

the emergency department (ED).3 E-bike accidents

frequently also lead to facial injuries.4,5 A study

comparing both types of bicycle-related accidents re-

ported that 31% of the e-bikers suffered facial injury

compared with 38% of the conventional cyclists,

with equal severity.6 Another study focusing on e-
bike-related maxillofacial injuries showed that zygo-

maticomaxillary complex fracture was the most

frequent observed injury followed by soft-tissue in-

juries.5 Consequently, several studies suggested that

helmet use can decrease the risk of, or even prevent,

facial injury in bicycle accidents.7,8 As bicycle-related

accidents are considered one of the major causes of

maxillofacial fractures, recommendations have been
made to make wearing a helmet mandatory for cy-

clists.9 With the increased presentation of patients at

the ED after bicycle accidents, research focusing on

the epidemiologic factors of the sustained maxillofa-

cial injury is becoming increasingly more important.

However, there is a lack of epidemiologic data on

maxillofacial injuries following e-bike and conven-

tional bicycle accidents as well as evidence of the dif-
ferences in the types and severity of maxillofacial

injuries between these bicycle types. Therefore, the

purpose of this study was twofold. First, to determine

whether there is a difference in the incidence of maxil-

lofacial fractures between e-bike- and conventional

bicycle-related accidents. Second, to assess if there is

a difference in the severity of maxillofacial injury be-

tween e-bike- and conventional bicycle-related acci-
dents. It was hypothesized that e-bike accidents

result more frequently in maxillofacial fractures and
more severe maxillofacial injuries than conventional
bicycle accidents. The aim of the study was, first, to

assist ED personnel when assessing maxillofacial in-

juries due to conventional bicycle and e-bike acci-

dents. Moreover, it is unusual to wear a bicycle

helmet when cycling in the Netherlands.10,11 There-

fore, the second aim of this study was to provide

new data for advice about helmet use for cyclists and

e-bikers.
Material and Methods

STUDY DESIGN

A retrospective cohort study was conducted with

patients selected from our research group’s database

containing patients with midfacial or mandibular in-

juries attending the ED of 4 hospitals in the north of

the Netherlands between May 2018 and October

2019.12 The Institutional Review Board of the Univer-
sity Medical Centre Groningen (Groningen, the

Netherlands) confirmed that the Medical Research

Involving Human Subjects Act does not apply (METc

code 2017/249), and local feasibility was approved

by all the hospitals.
PATIENT POPULATION

All the patients aged 18 years or older presenting

with midfacial or mandibular injuries at the ED
following a conventional bicycle or an e-bike accident

were included. Patients suffering maxillofacial injuries

due to other types of bicycles (eg, speed pedelecs, rac-

ing bicycles, or mountain bikes) were excluded. Pa-

tients who declined access to their electronic patient

files were also excluded.
DATA EXTRACTION

Data were collected from the electronic patient files
and the Dutch Trauma Registry. The Dutch Trauma

Registry is based on the Major Trauma Outcome Study

and includes patient characteristics, vital signs on

admission, injury mechanism, anatomical injury char-

acteristics, and outcome.13 The patient characteristics



Table 1. PATIENT CHARACTERISTICS, INJURY CHARACTERISTICS, ADMISSION, AND MORTALITY AFTER CONVEN-
TIONAL BICYCLE OR E-BIKE ACCIDENTS

Total Conventional Bicycle e-Bike P Value

Patients (n) 311 237 74

Male sex, n (%) 141 (45) 108 (46) 33 (45) .88

Age in years, median (IQR) 56 (35) 53 (38) 66 (18) <.001*

FCI

Comorbidities present, n (%) 123 (40) 80 (34) 43 (58) <.001*

Comorbidities number, median (IQR) 0 (1) 0 (1) 1 (2) <.001*

Alcohol use, n (%) 88 (28) 76 (32) 12 (16) .008*

ISS

Score, median (IQR) 5 (7) 4 (4) 6 (10) .001*

Severe multitrauma, n (%)y 14 (5) 11 (5) 3 (4) 1

Discharge destination

Hospital, n (%) 123 (40) 81 (34) 42 (57) .001*

Admission duration in days, median (IQR) 2 (2) 2 (1) 3 (4) .01*

ICU, n (%) 8 (3) 4 (2) 4 (5) .1

Admission duration in days, median (IQR) 3 (6) 3.5 (8) 3 (6) .76

Thirty-day mortality, n (%) 1 (0) 1 (0) 0 (0) 1

Abbreviations: IQR, interquartile range; FCI, Functional Comorbidity Index; ICU, intensive care unit; ISS, Injury Severity Score.
* P < .05.
y ISS score >15 is considered severe multitrauma.

van der Zaag et al. Maxillofacial Fractures in Bicycle Accidents. J Oral Maxillofac Surg 2022.
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included age, sex, alcohol use, comorbidities, and 30-

day mortality. The injury characteristics collected

from the electronic patient files and radiographs con-

sisted of the presence and classification of midfacial

andmandibular fractures, dental injury, skull fractures,

treatment decisions, concomitant injuries diagnosed

at the ED, discharge destination after the ED, and

days hospitalized.

OUTCOME MEASURES

The primary outcome was the incidence of midfa-

cial and mandibular fractures and the severity of maxil-

lofacial injury. Midfacial fractures were categorised
as the frontal sinus, orbital, maxillary sinus,

zygomaticomaxillary complex, nasoorbitoethmoid,

nasal, Le Fort-type fractures, and dentoalveolar

fractures of the maxilla.14 Mandibular fractures were
FIGURE 1. Maxillofacial injury severity after e

van der Zaag et al. Maxillofacial Fractures in Bicycle Accidents. J Oral M
categorised as symphyseal and parasymphyseal,

corpus, angular, ramus, coronoid, condyle, and den-

toalveolar.15 The severity of the maxillofacial injury

was assessed using the Maximum Abbreviated Injury

Scale (MAIS) of the facial region.16 The MAIS is the

Abbreviated Injury Scale (AIS) score of the most severe

injury sustained. The AIS is an anatomically based

injury severity scoring system that classifies each
injury according to body region on a 6-point scale,

with higher scores indicating higher injury severity.

The maxillofacial AIS scores go from 1 to 4. The

MAIS facial region score was used as a representation

of the overall severity of the maxillofacial injury. Maxil-

lofacial fracture severity was scored using the Facial

Injury Severity Scale (FISS), on which each maxillofa-

cial fracture subtype has a score of 1 to 6 points.17

The FISS score is the summation of the points of the
-bike and conventional bicycle accidents.

axillofac Surg 2022.



1364 MAXILLOFACIAL FRACTURES IN BICYCLE ACCIDENTS
observed maxillofacial fractures. FISS scores were cat-

egorised into minor (FISS score = 1) or severe maxillo-

facial fractures (FISS score $ 2). Patients without a

maxillofacial fracture (FISS score = 0) were excluded

from the analyses regarding maxillofacial fractures.

The overall injury severity was measured according

to the Injury Severity Score (ISS), which is the sum

of the squares of the 3 highest AIS scores of the studied
body regions.18 Severe multitrauma is defined as an ISS

> 15. Dental injury involved (sub)luxation, avulsion, or

a fracture of the teeth or tooth. Skull fractures were

defined as frontal, temporal, parietal or occipital, or

skull base fracture. Alcohol usage was scored as either

yes (alcohol use, irrespective of the number of alcohol

units) or no (no alcohol use or alcohol use was not

noted in the electronic patient file). The Functional
Comorbidity Index (FCI) was used to score the pres-

ence of 18 comorbid conditions, resulting in a total

score between 0 and 18. A higher FCI score implies

greater comorbidity and correlates with reduced phys-

ical function.19
STATISTICAL ANALYSIS

The Statistical Package for the Social Sciences was

employed for the data analysis (IBM Corp. Released

2015, IBM SPSS Statistics for Windows, Version
23.0). The categorical variables were presented as fre-

quencies and percentages. Regarding the continuous

variables, the normally distributed variables were dis-

played as means with the standard deviation, and the

nonnormally distributed variables were represented

as the median with the interquartile range. Pearson’s

c2 test or Fischer’s exact test was used to test the dif-

ferences in both the subgroup analyses for the patient
characteristics per maxillofacial fractures and maxillo-

facial injury severity scores, irrespective of type of bi-

cycle, and in the maxillofacial fractures and

maxillofacial injury severity scores between the con-

ventional bicycle group and the e-bike group. The

Mann-Whitney U test was used to test differences in

the nonnormally distributed data. A binary logistic

regression analysis was applied to assess differences
in the risk of maxillofacial fractures, dental injury,

and for severe maxillofacial fractures between conven-

tional bicycle group and the e-bike group. Analyses

were conducted for the midfacial fractures, mandib-

ular fractures, skull fractures, dental injury, and maxil-

lofacial fractures with a FISS score $ 2 (ie, severe

maxillofacial fractures). Patient characteristics such

as age, alcohol use, and FCI score were added to the
analyses as potential cofounders. The FCI score was

dichotomized for these analyses; the patients either

had no or 1 comorbidity (FCI# 1) or 2 or more comor-

bidities (FCI $ 2). Age was categorised into 18-54, 55-
74, and 75+ years. A P value of#0.05 was used to indi-

cate statistical significance.
Results

PATIENT CHARACTERISTICS

The details of the patient characteristics are pre-

sented in Table 1. Between May 2018 and October

2019, a total of 993 consecutive patients with maxillo-

facial injuries visited the EDs. Of these, 311 patients

(32%) had a bicycle accident. Of those, 238 patients

had suffered a conventional bicycle accident (77%),

and 73 had an e-bike-related accident (23%). The e-

bike group was statistically significantly older with a
median age of 66 years compared to the conventional

bicycle group’s median age of 53 (P < .001). Sex distri-

bution was equal in both groups. The presence of co-

morbidities (P < .001), and the total number of

comorbidities (P < .001) was found to be statistically

significantly higher for e-bikers than for conventional

cyclists. Alcohol use frequency was statistically signif-

icantly higher in the conventional bicycle group (32%)
than that in the e-bike group (16%) (P = .008).
MAXILLOFACIAL FRACTURES AND INJURY SEVERITY
OUTCOME

Maxillofacial fractures and the severity of maxillofa-

cial injuries are presented in Figure 1 (Table 2 and 3).

Midfacial fractures (median age 62 years, P < .001),

skull fractures (median age 63.5, P = .03), and maxillo-
facial injury with a MAIS score of 3 (median age

73 years, P = .02) were all statisticallly significantly

associated with a higher age. Mandibula fractures

and dental injury were statistically significantly associ-

ated with a lower age (median age of 28.5 and 44,

respectively, P < .001 and P = .001), low number of co-

morbidities (median of 0 and 0, respectively, P < .001

and P = .04), and alcohol use (54% and 42%, respec-
tively, P = .003 and P = .03). Midfacial fractures were

observed statistically significantly more often in the

e-bike group (47% vs 33%, P = .03). Mandibular frac-

tures were observed statistically significantly more

often in the conventional bicycle group (11% vs 1%,

P = .01). There were no statistically significant

differences in the median MAIS and FISS scores be-

tween the 2 groups. The severe maxillofacial fractures
(FISS score $ 2) were found statistically significantly

more often in the conventional bicycle group (45%

vs 25%, P = .04).
FRACTURE TYPES

Themidfacial andmandibular fracture outcomes are

presented in Table 4. Zygomaticomaxillary complex

fractures (19%) were the most frequently observed

maxillofacial fracture type, followed by orbital
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fractures (10%) and nasal fractures (9%). Regarding the

conventional bicycle-related accidents, the most re-

ported fractures were zygomaticomaxillary complex

(19%), nasal (9%), orbital floor and rim (8%), and

condyle process and head fractures (8%). In the

e-bike group, the most reported fractures were zygo-

maticomaxillary complex (20%), orbital floor and rim

(19%), and nasal fractures (8%). More symphyseal frac-
tures were found in the conventional bicycle group

(P = .03), while more orbital (P = .005) and Le Fort

II (P = .04) fractures were seen in the e-bike group,

the differences of which are statistically significant.

LOGISTIC REGRESSION ANALYSIS

The logistic regression analyses results are pre-

sented in Table 5. After correcting for relevant con-

founding factors, there were no statistically
significant differences in the risk of sustaining midfa-

cial fractures, mandibular fractures, skull fractures,

dental injury, and severe maxillofacial fractures be-

tween the e-bikers and conventional cyclists.

Discussion

Bicycle-related accidents often result in maxillofa-

cial injury.9 With the increased use of e-bikes, there

is a need to study the epidemiologic characteristics
of the maxillofacial injuries in order to guide the diag-

nostic process at the ED department and to give input

in discussions about the use of helmets. This study

showed that midfacial fractures were found more

frequently in e-bike accidents while mandibular frac-

tures were observed more in conventional bicycle ac-

cidents. Maxillofacial injuries and fracture severity did

not differ between both groups. However, the severe
maxillofacial fractures were found more often in the

conventional bicycle group.

Although both the median score and the differences

in maxillofacial injury severity were not statistically

significant, the MAIS indicated that the maxillofacial

injuries due to e-bike accidents appeared more severe

than on conventional cyclists. A trend was observed

that e-bikers suffered fewer minor (MAIS 1) but more
moderate maxillofacial injuries (MAIS 2) than conven-

tional cyclists. The potential factors involved could be

the higher speed of an e-bike or that the e-bike group

was significantly older. In accordance with this study,

previous research stated that elderly cyclists have a

higher chance of more severe injuries.20 However,

the severe (MAIS 3) and serious maxillofacial injuries

(MAIS 4) were rare and equally prevalent in both
groups. Overall, there was no statistically significant

difference in median maxillofacial fracture severity

even though the e-bike-related accidents resulted in a

higher FISS score than the conventional bicycle group.

However, after a distinction was made between minor



Table 3. MAXILLOFACIAL FRACTURES AND THE MAXILLOFACIAL INJURY SEVERITY SCORES AFTER E-BIKE AND CON-
VENTIONAL BICYCLE ACCIDENTS

Maxillofacial Fractures and Maxillofacial Injury Severity Scores Total Conventional Bicycle e-Bike P Value

Midfacial fractures

Patients, n (%) 114 (37) 79 (33) 35 (47) .03*

Conservative treatment, n (%) 95 (83) 64 (81) 31 (87) .32

Active treatment, n (%) 19 (17) 15 (19) 4 (11)

Closed 12 (11) 11 (14) 1 (3)

Surgical 7 (6) 4 (5) 3 (9)

Mandibular fractures

Patients, n (%) 26 (8) 25 (11) 1 (1) .01*

Conservative treatment, n (%) 12 (46) 11 (44) 1 (100) .46

Active treatment, n (%) 14 (54) 14 (56) 0 (0)

Closed 4 (15) 4 (16) 0 (0)

Surgical 10 (39) 10 (40) 0 (0)

Dental injury, n (%) 48 (15) 43 (18) 5 (7) .02*

Skull fractures, n (%) 30 (10) 19 (8) 11 (15) .08

MAIS Face

Score, median (IQR) 1 (1) 1 (1) 1 (1) .16

MAIS score of 1, n (%) 214 (69) 168 (71) 46 (62) .16

MAIS score of 2, n (%) 90 (29) 64 (27) 26 (35) .18

MAIS score of 3, n (%) 7 (2) 5 (2) 2 (3) .76

FISS

Score, median (IQR) 1 (1) 1 (1) 1 (1) .07

FISS score = 1, n (%) 83 (61) 56 (55) 27 (75) .04*

FISS score $ 2, n (%) 54 (39) 45 (45) 9 (25)

Abbreviations: FISS, Facial Injury Severity Scale; MAIS, Maximum Abbreviated Injury Scale.
* P < .05.
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(FISS = 1) and severe maxillofacial fractures (FISS$ 2),

we saw that the incidence of severe maxillofacial frac-

tures was significantly higher among the conventional
cyclists. In other words, the e-bikers’ maxillofacial

fractures were less severe but were sustained more

frequently, whereas the conventional cyclists sus-

tained maxillofacial fractures less frequently, but, if

they did, the fractures were more severe. A study

focusing on patients hospitalized due to electric-

powered bike accidents reported that the majority of

oral- and maxillofacial-related injuries were moderate
(MAIS 2) followed by minor (MAIS 1).21 Two studies

on patients who sustained maxillofacial fractures due

to conventional bicycle accidents reported a mean

FISS score, as a representation of severity, of 1.9 and

2.0, respectively.22,23 Our study reports a median

FISS of 1 for both conventional bicycle- and e-bike-

related accidents. In general, maxillofacial injury

severity seems to be comparable between the 2 types
of cyclists. Both sustained minor maxillofacial injuries

more frequently, followed by moderate maxillofacial

injuries. In addition, both groups of cyclists had

more maxillofacial fractures with a FISS score of 1 fol-

lowed by maxillofacial fractures with an FISS score of
2. This seems to be in line with the results of a study

where the e-bike accident injury patterns were more

comparable with conventional bicycle accidents
than with motorcycle accidents.24 The mechanisms

that are frequently involved in bicycle accidents and

injury are loss of balance, falling while mounting or

dismounting, or getting spooked by other traffic. The

cycling velocity in such cases tends to be low, and

the resulting fall takes place on a level surface, thus

rarely leading to severe maxillofacial injuries.23 These

low-energy falls are known to frequently lead to soft-
tissue injuries, such as abrasions, hematoma’s, and

lacerations, all of which are minor maxillofacial in-

juries.25-27

This study showed that the most frequent fractures

seen in both groups were zygomaticomaxillary com-

plex fractures, orbital fractures, and nasal fractures.

Mandibular fractures were observed less frequently,

and remarkably, only 1 mandibular fracture was re-
ported in the e-bike group. The results of the present

study are in line with previous studies that reported zy-

gomaticomaxillary complex fractures and orbital frac-

tures as the most frequently seen midfacial fractures

following conventional bicycle accidents.22,23,28,29



Table 4. INCIDENCE OF MIDFACIAL AND MANDIBULAR FRACTURES AFTER E-BIKE AND CONVENTIONAL BICYCLE
ACCIDENTS

Maxillofacial Fractures Total Conventional Bicycle e-Bike P Value

Midfacial fractures, n (%)

Frontal sinus 5 (2) 5 (2) 0 (0) .60

Orbital floor and rim 32 (10) 18 (8) 14 (19) .005*

Zygomaticomaxillary complex 58 (19) 43 (18) 15 (20) .68

Nasoorbitoethmoid 5 (2) 3 (1) 2 (3) .34

Maxillary sinus 8 (3) 6 (3) 2 (3) 1

Nasal 28 (9) 22 (9) 6 (8) .76

Le Fort I 5 (2) 3 (1) 2 (3) .34

Le Fort II 4 (1) 1 (0) 3 (4) .04*

Le Fort III 1 (0) 0 (0) 1 (1) .24

Dentoalveolar process 8 (3) 8 (3) 0 (0) .21

Mandibular fractures, n (%)

Symphyseal and parasymphyseal 14 (5) 14 (6) 0 (0) .03*

Corpus 6 (2) 6 (3) 0 (0) .34

Angular 1 (0) 1 (0) 0 (0) 1

Ramus 3 (1) 3 (1) 0 (0) 1

Coronoid 1 (0) 1 (0) 0 (0) 1

Condyle process and head 19 (6) 18 (8) 1 (1) .05

Dentoalveolar process 0 (0) 0 (0) 0 (0) N/A

Abbreviation: N/A, not applicable.
* P < .05.
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The incidence of mandibular fractures in our study is

also in accordance with that seen by previous studies

whereby conventional bicycle accidents frequently

lead to mandibular fractures, with condyle fractures

being the most common subtype.22,23,28,29 Two

studies presented zygomaticomaxillary complex frac-

tures as the most frequent midfacial fracture due to
e-bike accidents.5,21 There could be various reasons

for the higher incidence of midfacial fractures and a

lower incidence of mandibular fractures among the

e-bikers. A potential influence could be the heavier

weight of an e-bike, with more chance of falling side-

ways than toppling over the handlebar with low-

speed accidents. In addition, the e-bike cohort was

significantly older, and low-speed injury mechanisms,
such as sudden stops and losing balance, are already

common among elderly cyclists.30,31 A study showed

that the majority of the midface fractures due to con-

ventional bicycle accidents were situated in the lateral

region.29 However, if e-bikers are more likely to fall

sideways than conventional cyclists, then the lateral

structures will be more frequently affected, possibly

resulting in more midfacial fractures and fewer
mandibular fractures among e-bikers. In contrast,

toppling over the handlebar leads to a frontal impact

on the chin, which can result in fractures in the sym-

physeal region and indirect fractures of the condyles,

a common sequel to falling off a bicycle.22,28 This is
also reflected in the mandible fractures seen among

our group of conventional cyclists, with the most re-

ported subtypes being condyle and symphysis frac-

tures. A notable aspect in these fractures, as well as

in the dental injuries, is the high level of alcohol use.

It is presumable that the alcohol use caused reduced

stability and reaction capacity to avert the fron-
tal impact.

A main finding of this study was that the logistic

regression analysis showed that after correction for

several relevant patient characteristics, both the e-

bike and the conventional bicycle were not statisti-

cally significantly associated with an increased risk of

the various maxillofacial fractures, dental injury, and

the severe maxillofacial fractures. These findings sug-
gest that it is not the type of bicycle ridden but the pa-

tient characteristics that play a crucial role in

maxillofacial fractures following a bicycle accident.

The use of a helmet for conventional cyclists has

been proven to reduce head injury and has a protec-

tive effect on facial injuries and fractures.8 However,

in Dutch cycling culture, it is highly unusual to cycle

with a helmet nor is it mandatory when cycling on
an e-bike. Similarly, in this study, only a few of the par-

ticipants were reported to wear a helmet. This limited

helmet use is in line with a report on helmet use in the

Netherlands.11 Hence, helmet use was not included in

the analyses and was sparse to draw conclusions from



Table 5. ANALYSIS OF DIFFERENCES IN THE RISK OF MAXILLOFACIAL INJURY BETWEEN E-BIKERS AND CONVEN-
TIONAL CYCLISTS

Outcome B SE P OR 95% CI

Midfacial fractures* 0.27 0.29 .35 1.31 0.740-2.30

Mandibular fracturesy,z �1.17 1.08 .28 0.31 0.04-2.54

Skull fractures* 0.47 0.43 .28 1.60 0.69-3.74

Dental injury* �0.73 0.52 .16 0.48 0.18-1.34

Severe maxillofacial fractures (FISS $ 2)* �0.83 0.48 .08 0.48 0.17-1.11

Conventional cyclists were used as the reference group.
Abbreviations: B, logistic regression coefficients; CI, confidence interval; FCI, Functional Comorbidity Index; FISS, Facial Injury

Severity Score; OR, odds ratio; SE, standard error.
* Corrected for age, alcohol use, and comorbidities (FCI).
y Corrected for age and alcohol use.
z FCI was not a relevant cofounder.
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its possible effect on the risk of maxillofacial injuries in

this study. A study also showed more severe brain in-

juries among e-bikers than among conventional cy-
clists.6 In addition, considering that e-bikers more

frequently suffered fractures to the skull and that

cyclist characteristics strongly influence the maxillofa-

cial injury, the advice for e-bikers as well as vulnerable

and elderly cyclists is to wear a helmet.

STRENGTHS OF THIS RESEARCH

The primary strength of this study is the use of data

from a large multicentre cohort and reporting on both

the incidence and the severity of maxillofacial injuries

sustained in e-bike-related accidents compared to

conventional bicycle-related accidents. The partici-

pating hospital EDs cover a range of hospital trauma

levels (level 1-3), populations, and geographic differ-

ences, thereby reducing forms of selection bias. The
second strength of this study is that by correcting for

differences in patient characteristics between the e-

bikers and conventional cyclists, the actual risk

involved with riding an e-bike or a conventional bicy-

cle on maxillofacial fractures could be established.

LIMITATIONS OF THIS RESEARCH

This study has a number of limitations. First, a retro-

spective design was used, which is associated with

some limitations such as the availability of data. For

example, the number of used alcohol units was often

not quantified. Therefore, alcohol usage was scored

as binary, including patients in whom it was evident

from the anamnesis that alcohol use could have had
an effect on their cycling ability. As helmet use for e-

bikers and conventional cyclists is rare in the

Netherlands, helmet use was also seldom documented

in the electronic patient files. Moreover, not wearing a

helmet was consequently also rarely documented.
Therefore, the decision was made to not include hel-

met use as a covariate. Also, the distribution among

the 2 bicycle groups was disproportionate as the num-
ber of patients with e-bike-related accident was

limited. Another limitation is that the outcome mea-

sures are only a limited representation of severity.

The AIS for maxillofacial injury only goes from 1 to

4, and the 3 and 4 scores were uncommon in both

groups. In other words, the AIS offers only a limited de-

gree of distinction for facial injuries. The FISS is unable

to assess minor maxillofacial injuries as it consists
almost exclusively of maxillofacial fractures. Neverthe-

less, both scales were used side by side to assess the

injuries as thoroughly as possible. Moreover, instead

of a quantitative method, a binary registration of facial

fractures was used, which may have overrepresented

or underrepresented several fracture types. However,

the FISS does take the number of fractures into consid-

eration, minimizing the overrepresentation and under-
representation when assessing the severity of

these fractures.
STUDY RECOMMENDATIONS

Future research on maxillofacial facial injuries after

e-bike and conventional bicycle accidents should in-

crease the sample size, especially after e-bike acci-

dents. Increasing the sample size will make it

possible to provide more data on injury differences be-

tween both bicycle types. Moreover, prospective

research on maxillofacial injury after bicycle accidents

could focus on specific influences such as helmet use,
quantifying alcohol use, and the mechanism of injury.

The advantages of a helmet as a protective measure for

e-bikers, as well as for vulnerable and elderly cyclists,

should be advocated and then investigated further

given the fact that e-bikers suffered fractures to the
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skull more frequently and that cyclist characteristics

could influence maxillofacial injury.

In conclusion, e-bikers suffered midfacial fractures

significantly more often, and mandibular fractures

less often, than conventional cyclists. There was no

significant difference in the severity of maxillofacial in-

juries as well as the severity of maxillofacial fractures

between both groups. However, severe maxillofacial
fractures were found significantly more frequently

among the conventional cyclists. Furthermore, this

study indicates that the cyclist’s characteristics, such

as age and comorbidities, could have a major influence

on sustaining maxillofacial fractures rather than the

type of bicycle being ridden.
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