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ABSTRACT

Objectives: This retrospective study aims to analyze the pattern of oro-facial trauma from bicycle acci-
dents in Italian children and adolescents, focusing on the safety devices used.

Methods: The medical records of 1405 patients of the Dental Clinic of the University of Brescia,
between the age of 0 to 18, who experienced a dento-facial trauma from the use of a bicycle, were
analyzed. Data regarding age, gender, weight, height, dominant hand, type of bicycle, use of safety
devices, location and type of dental trauma, teeth involved, bone fractures and soft tissue lesions were
recorded. Statistical analysis was performed.

Results: The majority of the traumatic events occurred in children within the 8-10 years of age-range;
1085 teeth were injured, of which 975 permanent teeth (89.9%) and 110 primary teeth (10.1%). The
most common dental lesions were the coronal fractures (complicated and not complicated) while the
most frequently involved teeth were the upper central incisors; 11% of patients were also treated for
maxillo-facial fractures. A protective helmet was worn only in 3% of the cases; not one patient wore a
mouth-guard. The use of helmets was more frequent in children and adolescents riding racing-bikes
competitively, compared to those who were mountain bikers (p < 0.05).

Conclusions: Bicycle accidents can have serious oro-facial consequences. Therefore, national and

ARTICLE HISTORY
Received 20 May 2016
Revised 24 November 2016
Accepted 2 January 2017

KEYWORDS
Injuries; prevention; child

regional efforts should be made in Italy to promote head and mouth protection in cycling.

Introduction

Cycling is a very common sport/activity; it is sometimes used
as a means of transport, for sport or simply for fun.
Unfortunately, motorcycle and bicycle accidents represent
approximately 50% of all traffic accidents. Cyclists upon
impact risk severe injuries [1,2], such as traumatic brain injury
(TBI) or dental and facial lesions [3]. Other than the initial
physical discomfort, dental injuries can also have functional,
social, economic and psychological consequences [4,5].
Thomson et al. [6] stated that the use of a bicycle helmet
reduces the risk of facial injuries by 65% but it does not sig-
nificantly reduce the risk of dental traumas due to the lack of
protection for the lower part of the face. Helmet use among
cyclists is more widespread in the USA and Canada, than in
Europe. In fact, helmets are worn by more than 50% of
cyclists in the USA and Canada [6] compared to 12% of
cyclists in Germany, 13-15% in Finland, 16-34% in UK, 17%
in Sweden, 7% in Switzerland and 6% in Norway. In
Denmark, 68% of children (aged 0-5) who are passengers on
bicycles wear helmets. Overall in Europe, helmets are used
by 34% of children between 6 and 9. Meanwhile, only 5% of
cyclists aged 10-25, and just 3% of those 25 and older wear
helmets [7,8]. In Italy, the use of helmets is recommended
but not mandatory and there is no data in literature concern-
ing the use of bicycle helmets.

The prevalence of pediatric traumatic dental injuries
ranges from 4 to 59%, but these injuries represent approxi-
mately 20% of all the injuries at preschool age [9,10]. The
aetiology of paediatric traumatic dental injuries includes acci-
dental falls, sport-related trauma, vehicle crashes (car, motor-
bike and bicycle accidents), and violence [11,12]. A significant
proportion of traumatic dental injuries in the USA is caused
by falls off the bicycle or accidents. Out of 200000 bicycle
accidents reported, approximately 1:2 involved children.
Children in the 5-14 year age group have the highest inci-
dence of bicycle-related injuries, even if younger children are
also commonly injured [13]. Boys are at a greater risk than
girls, with an accident ratio of boys to girls varying from 2:1
to 4:1 and they have more facial injuries than girls [14].
Considering the high rate of dental and facial trauma for
bicycle accidents, particularly in children, the aim of this
research was to review and analyze the aetiology, frequency
and distribution of oro-facial trauma in Italy, identifying the
pattern of bicycle trauma in children with special regards to
the safety devices used.

Methods

This retrospective study was carried out on the medical
records of patients (aged from 0 to 18 years) who visited the
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Dental Clinic of the University of Brescia for a dento-facial
trauma due to the use of a bicycle during the period January
2010-December 2014.

For each patient’s medical record, the following data were
recorded: age (Y), gender (M/F), weight (Kg), height (cm),
dominant hand (R/L), type of bicycle (racing bikes included
professional cycling on road or track, mountain bikes
included all other types of bikes), type of activity (adventure
biking, if used on a country/mountain road or if off-road, and
non-adventure riding, if used on normal roads), use of safety
devices (athletic mouthguards, helmets.), location and type
of dental trauma (according to the Andreasen classification)
[14], teeth involved, bone fractures and soft tissue lesions
(swelling or lacerations). The patients with incomplete charts
were excluded from the study. Data were entered in a
Microsoft Excel 2012 database for Macintosh.

Due to the retrospective nature of this study, in order to
comply with the ethic requirements, an exemption was
granted in writing by the University of Brescia IRB. The study
was conducted in compliance with the principles expressed
in the Declaration of Helsinki.

Statistical analysis

The data were analyzed using SPSS version 19.0 (SPSS Inc.,
Chicago, IL), conducted following an intention-to-treat ana-
lysis using the last value forward method. The normal distri-
bution of the sample was analyzed using the
Kolmogorov-Smirnov test (p<0.05), and the difference
between the racing group and the mountain bike group was
calculated through the Exact Fisher test. The statistical ana-
lysis was conducted at a 95% confidence level, and a
p < 0.05 was considered statistically significant.

Results

Over a five-year period, 1951 patients of all ages were
treated at the Dental Clinic of the University of Brescia for a
dento-facial traumatic event; of which, 1405 patients were
aged 0-18 years at the time of trauma. A total of 520 chil-
dren (37%) (mean age 10.7+3.36 years, range 5-18 years)
experienced a bicycle accident or fall and therefore were
included in the study. The ratio between males and females
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Figure 1. Frequency of oro-facial trauma at different ages.
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was almost 3:1, when 385 (74%) of the patients were male
(mean age 10.9+3.2) and 135 (26%) were female (mean age
10.6 £ 3.4). The mean height value was 144 cm and the mean
weight value was 46kg. We observed that 95% of the
patients (n =495) were right-hand-dominant. The majority of
the traumatic events occurred within the age range of 8-10
(Figure 1).

A total of 1085 teeth were involved, of which 975 were
permanent teeth (89.9%) and 110 primary teeth (10.1%). The
most frequently injured permanent teeth were 1.1 (n=315),
2.1 (n=273), 1.2 (h=125) and 2.2 (n=117), followed by the
lower central incisors (Figure 2). Of the deciduous teeth, the
most commonly injured were 5.1 (n=46), 6.1(n=31), 5.2
(n=12), 6.2 (n=9), 7.1 (n=5) and 8.1 (n=7) (Figure 3). In
terms of involvement, we found no significant difference
between the left and the right teeth of the mouth
(p =0.415), however, a higher prevalence of maxillary injuries
over mandibular ones was observed (p=0.000). The various
types of traumatic lesions — divided into dental and peri-
odontal lesions — are shown in Table 1. Mountain bikes (MTB)
were used by 91% of the children (n =473) while the remain-
ing 9% (n=47) used a racing bicycle. Five hundred and five
patients (97%) did not wear a helmet. Of the 15 children
(3%) who wore a helmet, 9 were riding a racing bike and 6 a
mountain bike. Not one single patient used a mouth-guard.
Helmets were worn significantly more by the racing group
than by the mountain bike group (X2=42: p < 0.05) and, of
the mountain bike racers, it was worn more by adventure
riders rather than non-adventure riders (y*=18.37, p < 0.05).
A significant difference was also observed for the type of
lesions between the two groups: in the adventure riders
group, complex fractures (12:3.2, p < 0.05), traumatic avul-
sion (1°=6.8, p<0.05), and soft tissue lesions (y>=9.2,
p <0.05) were more common than in the non-adventure
riders group.

Out of the 520 children referred to the Dental Clinic for a
dental trauma due to a bicycle fall or accident, 57 (11%) were
also treated for bone fractures at the Maxillofacial
Department. There were 19 cases (34%) of mandible fractures,
15 (26%) of the maxillary and the zygomatic bone fractures
and 11 (19%) of the orbital bone fractures. Twelve children
(21%) had multiple facial bone fractures. As for soft tissue
injuries, 406 cases (78%) of lacerations and/or contusions
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Figure 2. Traumatized primary teeth.
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Figure 3. Traumatized permanent teeth.
Table 1. Type of traumatic lesions (n). Discussion
Type of dental traumatic lesion (n=1583)

Dental injuries

Infraction 15 (2.5%)
Crown fracture 163 (28%)
Crown fracture with pulp exposure 17 (3%)
Root fracture 17 (3%)

Crown-root fracture 96 (16.5%)

Periodontal injuries

Intrusive luxation 44 (7.5%)
Extrusive luxation 88 (15%)
Lateral luxation 29 (5%)

Traumatic avulsion 114 (19.5%)

Bone lesions

Mandible fractures 19 (34%)
Maxillary and zygomatic fractures 15 (26%)
Orbital fractures 1 (19%)
Multiple fractures 12 (21%)

Soft tissue injuries

Lacerations and/or contusions 406 (78%)

were reported. The consistency of damage relative to the side
of the face and dominant hand was approximately 96%.

In this study, 37% of traumas in patients aged 0-18 were
due to a bicycle accident. This proportion is within the range
reported in literature, which varies from approximately 20%
[15-18] to 35% and 48% [19,20]. In agreement with the lit-
erature [21], our study reported a greater number of injuries
in boys compared to girls (approximately 2:1); this can easily
be explained by the more frequent involvement of boys in
sports and dangerous activities, such as mountain biking.
Generally, children younger than 5 experience a low fre-
quency of traumatic accidents due to the protective environ-
ment they live in, but for those over the age of 6, road
accidents are the main cause of facial traumas [22]. The cra-
nium is more likely to fracture in an infant due to the cra-
nium-face ratio of 8:1; whereas, with increasing age and
development of the paranasal sinus, the face becomes more
prone to fractures, with an adult cranium-face ratio of 2:1.
Older children and adolescents are more likely to experience
face and dental fractures [23], as shown in this study.
Traumatic dental and periodontal must be treated
promptly and properly in order to reduce the suffering, costs,
and time for patients, parents and health care providers.
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A long-term follow-up, sometimes life-long, for the possible
late complications, is often required.

In the present study, the proportion of different types of
dental and periodontal lesions corresponded to those
reported in literature [24]. Children who, in addition to dental
trauma, experienced associated bone facial fractures, were
reported to have mostly mandible fractures, followed by the
maxillary and zygomatic bone injuries. This is slightly in con-
trast to other reports [15,25], which found a higher preva-
lence of middle-face fractures. However, due to the fact that
the peak incidence of facial fractures in this study was in
older children, the high involvement of mandibular bone
fractures could be explained by the larger and more devel-
oped mandible, typical of this age range, even if the cheek is
generally the first point of collision with the ground [15]. In
accordance with literature, our study found the central upper
incisors to be the most frequently traumatized teeth, fol-
lowed by the lateral upper incisors and then by the lower
frontal teeth. These data can lead to speculation that there
are some predisposing factors in the oral cavity, such as a
dental overjet wider than 6 mm, incompetent lips or mouth
breathing [20,26]. Further studies are needed to investigate
these possible correlations.

In 2006, Bourdet et al. [27] reported a graphical represen-
tation of head impact points after bicycle accidents (after
falls and after impact against the curb); the authors state
that there was a high probability of impact to the superior
part of the head compared to the inferior and the teeth.
These data are in contrast with the high incidence of bicycle-
related dental trauma reported in other literature [28] and
also with the data collected in this study. As bicycle-related
injuries are multi-factorial, how the accident happened
should be considered. If the anterior wheel of the bicycle is
suddenly blocked due to an obstacle, the contact point
between wheel and terrain acts as a pivot, and the cyclist
and the bike are catapulted forward. Usually, due to the
speed, the cyclist cannot remove his/her hands from the han-
dlebars in order to protect his/her face, and the impact with
the ground causes injuries to the face, mouth and teeth [29].
It is interesting to note how, in our study’s sample, the chil-
dren had injuries usually only on one side of the face, in par-
ticular, right handed cyclists presented injuries on the right
side of the face and likewise left handed cyclists on the left
side. Although just 5% of the sample were left-handed and
the difference was not significant, the location of injury could
still be explained by the impact dynamics as explained
above.

There are multiple reasons for accidental falls, such as dis-
traction, poor road conditions, dangerous stunts and collision
with other vehicles/pedestrians or loss of balance. When a col-
lision happens, cyclists are at a disadvantage because of the
lack of safety equipment such as helmets and mouth guards.
No patients included in this study wore an athletic mouth
guard (AMG); a fact that is almost embarrassing. Although the
role of AMG in reducing the incidence and severity of dental
trauma is well known and it is regulated in various different
professional contact sports [28], its use is still rare among
cyclists, as confirmed by our stud. AMGs absorb the force
from a frontal and axial impact, dissipating it over a wide area

[30]. In a recent survey conducted in Italy among children and
adolescents who practiced sports, 80% admitted to know
about the protective benefits of AMG as a protective device.
Nevertheless only 5% of athletes had actually worn one during
practice. The reasons for which they did not wear AMGs were
discomfort and difficulty in breathing. [31]. Moreover, none of
the children/adolescents received information about these
protective devices from their teachers. The same results are
shown in another survey conducted by Muller et al. [28],
where none of the Italian mountain bikers wore AMGs. The
lack of information from parents (and also from coaches and
teachers) could partially explain the shocking results about
AMGs in this study, seeing as the use of protective devices
should be enforced in all sports. From this point of view, the
dentist could have a key role in promoting the use of AMGs in
cyclists, particularly in children, through pictures, illustrated
billboards or interactive games.

All the data recorded in this study and in literature stress
about the excessively low number of helmet-users. Under
the age of 15 the use of helmets is mandatory by law only
in some Eastern and Western European countries, while in
the rest of Europe, its use is just recommended. Although
the importance of a helmet is well documented for the pre-
vention and reduction of TBI as well as for facial injuries
[3,32], a helmet’s design does not protect the lower third of
the face and the teeth [1,15,33]. In order to protect these
areas, a helmet would need to be a full-face one with face-
guard [34].

In this study, the use of helmets seems to be more fre-
quent in children and adolescents who use racing-bikes com-
petitively compared to mountain bikers. This could be
explained by the fact that racing cyclists often ride at high
speeds on the road with cars and other means of transport.
Therefore they perceive a greater sense of danger. Instead,
mountain bikers, mainly non-adventure ones, often ride for
fun, without taking into consideration the dangerous possi-
bility of falling.

This study leads to the conclusion that wearing a bicycle
helmet and a mouth guard should be strongly recommended
for children and adolescents. National and regional efforts
should be made to promote head and mouth protection in
cycling. Projects regarding the promotion of bicycle safety
should actively include paediatricians and dentists, to encour-
age the wider acceptance and use of safety precautions.
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