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Abstract

Aim: The aim of the present study was to retrospectively evaluate the epidemiologic characteristics
of the prevalence, type and treatment modalities of maxillofacial trauma according to use of
helmets by motorcyclists in traffic accidents. Methods: Data was collected from patients during a
10-year period (1999-2009). Data recorded included demographic, etiology, diagnosis, type of
fracture, use of helmet, associated facial and general trauma, soft tissue lesions and treatment
methods. Data analysis included a descriptive analysis, Chi-square test and Kruskal-Wallis test.
Results: From 376 motorcycle crash victims, 260 had maxillofacial fractures with a male/female
ratio of 4:1 and a mean age of 26.1. Considering the helmet as a security device, 89 patients were
not wearing a helmet during the crash against 287 patients that were wearing it. One hundred and
sixteen patients had soft tissue lesions, 80 of them wore a helmet at the moment of the crash and
36 did not (p<0.05). The most frequently fractured facial bone was the zygoma (24%) followed
by the mandible. Conclusions: Motorcycle accidents represented almost one third of all maxillofacial
injuries seen at this Oral and Maxillofacial Surgery Division, causing high morbidity. Educational
campaigns, defensive driving and use of adequate helmets are necessary to decrease the
number of facial injuries in such accidents.
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Introduction

Motorcycle injuries continue to be a major public health problem worldwide,
especially in developing countries. These accidents increase dramatically the
health costs involved in treatment and rehabilitation of the injured patients, and
have interrupted the life of thousands of people, especially in the economically
active age range (adolescents and young adults)1.
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If motorcyclists are wearing a helmet at the time of the
accident, their risk of death is reduced by 42%, while
nonhelmeted riders have a 3.1 fold increased risk of head
injuries and death2-3 .

Research has also shown the effectiveness of laws
requiring the use of helmets by two wheel motor vehicle
occupants for the reduction of fatalities and injuries in this
user category4-5. With the changes in the Brazilian traffic code
issued in 1998, security devices were made mandatory, alcohol
abuse was forbidden, and driving without a license or under
the age of 18 became serious offenses6.

Although the impact of helmet use on the reduction of
head injuries during motorcycle accidents is well known, the
effect of their use on facial injuries is not well documented7-8.

The purpose of this study was to review retrospectively
the first 10 years after the new traffic law in Brazil. The patterns
of the maxillofacial trauma in motorcycle accidents relating
the use of helmets were evaluated and discussed.

Material and methods

This 10-year retrospectively study was undertaken by
the Graduate  Oral and Maxillofacial Surgery Division,
University of Campinas - UNICAMP at 7  hospitals located
in the cities of Piracicaba, Limeira and Rio Claro, São Paulo
state. The research protocol was approved by the Human
Research Ethics Committee from the same institution, under
the protocol number 131/2008.

Information was obtained from clinical notes and surgical
records for each patient using a standardized data collection
form that was specifically developed to investigate the
epidemiologic features of maxillofacial trauma. The data
recorded only patients sustaining maxillofacial injuries after
motorcycle accidents. It included patient age, gender,
diagnosis, use of helmet, soft tissue lesions, associated facial
and general trauma and type of treatment. The exclusion
criteria were incomplete information on the trauma in the
medical chart.

The injury sites were classified into three thirds of the
face: upper (frontal bone), middle (maxilla, zygoma,
zygomatic arch naso-orbit-ethmoidal, nasal) and inferior
(mandible). Mandible fractures were divided into specific
sites: condyle, ramus, angle, body, parasynphysis, synphysis
and dentoalveolar. Abrasion and laceration were classified
as soft tissue injuries.

Data were entered into Microsoft Excel software. Simple
descriptive statistical, chi-square test and Kruskal-Wallis test
were applied as appropriate. Statistical significance was
inferred at p<0.05.

Results

A total of 2,785 trauma patients were evaluated from
April 1, 1999, to December 31, 2009. Of these patients, 772
were traffic accidents victims, 376 were motorcycle crash
victims with maxillofacial trauma, and 260 had maxillofacial
fractures. Of the 376 patients with maxillofacial trauma, 307

were males and 69 females, with male/female ratio of 4:1.
Patient age at the time of injury was 10 to 65 years

(mean 26.1 years). Among the total of 376 patients, 29 (8%)
were 10 to 17 years old, 257 (68%) were in the 18-30-year-
old age group (being 211 males and 46 females), 83 (22%)
were 31 to 50 years old, and 7 (2%) were older than 50
years. The Kruskal-Wallis test did not show a statistically
significant association between age groups and use of helmet
(p=0.103). Table 1 describes absolute and relative
distribution of maxillofacial trauma according to age and
gender groups correlating the use of helmet.

Use of helmet

       Female        Male Total

Groups of age without With Without with  

10-17 2 6 10 11 29

18-30 11 35 43 168 257

31-50 2 11 19 51 83

>50 1 1 1 4 7

Total 16 53 73 234 376

Table 1. Distribution of facial trauma according to gender
and year groups.

K-W= 1.33; p= 0.248

                          Number of fractures

Security device 0 1 2 3 4 Total

Without  helmet 36 29 17 3 4 89

With helmet 80 136 55 15 1 287

Total 116 165 72 18 5 376

K-W= 6.98; p= 0.136

Table 2. Distribution of maxillofacial fractures according
to the use of helmet.

Considering the helmet as a security device, 89 patients
were not wearing a helmet at the moment of the crash, against
287 patients that were wearing, of which 234 were males.
The chi-square test did not show a statistically significant
association between gender and wearing security device.

Of the 287 patients that were wearing helmets, 136
suffered maxillofacial fracture and 80 did not have any facial
bone fractured (Table 2). Four patients had 4 different fractures
even wearing helmet, against 1 patient that was not wearing
a security device. The Kruskal-Wallis test did not show a
statistically significant association between number of
fractures and wearing security device (p=0.136).

Patients that wearing helmets (212), were treated
conservatively, while 75 patients had open treatment. Of the
89 patients that were not wearing a security device, 65 had
closed treatment and 24 had open treatment (Table 3). The
x² test did not show a statistically significant difference
between types of treatment and wearing a security device
(p=0.985).

Facial fractures were observed in 260 patients and 116
had soft tissue lesions that include laceration, abrasion and
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 Closed treatment Open treatment Total

Without helmet 65 24 89

With helmet 212 75 287

Total 277 98 376

Table 3. Distribution of treatment according to the use of
helmet.

x² = 0.024; p= 0.985

 Without helmet With helmet Total

General trauma (hole body injuries)

No 38 99 137

Yes 51 188 239

x² = 1.973; p=0.201   

Encephalic trauma associated with use of helmet.

No 67  260 327

Yes 22  27 49

x² = 14.052; p<0.05    

Thoracic trauma associated with use of helmet.

No 71 254 325

Yes 18 33 51

x² = 4.412; p<0.05

Upper members trauma associated with use of helmet

No 64 164 228

Yes 25 123 148

x² = 6.207; p<0.05

Total 89 287 376

Table 5. Distribution of associated general trauma and the
use of helmet

hematoma. Of the patients with these lesions, 80 wore helmets
at the moment of the crash and 36 did not. Patients that were
wearing a helmet and had fractures account to 207 against
53 that did not. The chi-square test showed a statistically
significant difference between type of trauma and wearing
security device (p<0.05).

A tota of 382 different types of fractures were found in
these 260 patients. The zygoma was the most frequently
fractured bone (24%), followed by the mandible: dento-
alveolar trauma (14%), condyle and parasynphysis (11%).
One one case of panfacial trauma was observed and this
patient was not wearing helmet (Table 4).

Overall trauma evaluation revealed 239 patients with
concomitant corporeal lesions. Encephalic trauma (260
patients), chest trauma (254) and upper members (164) were
not found in patients that were wearing helmet, as seen in
Table 5. The chi-square test showed statistically significant
association between associated trauma and wearing security
device.

Type of fracture Without helmet With helmet Total

Lower Third

Mandible

Condile 4 38 42

Ramus 0 3 3

Angle 6 17 23

Body 9 27 36

Parasinphisis 14 27 41

Sinphisis 1 3 4

Dento-alveolar 6 47 53

Midle Third  

Maxila

Le Fort I 5 18 23

Le Fort II 4 8 12

Le Fort III 0 1 1

Zigoma 18 74 92

Zigomatic arch 2 8 10

Nasal 10 20 30

NOE 1 4 5

Upper Third  

Frontal 4 2 6

Panfacial 1 0 1

Total 85 297 382

Table 4. Distribution of maxillofacial fractures  according
to anatomic sites and the use of helmet.

Discussion

In developing countries, traffic deaths are projected to
be the third most important health problem by 2020, and a
large proportion of these deaths involve motorcycles9.
Motorcycles are particularly dangerous vehicles. Motorcycle
riders are at an increased risk of accident because the small
size of the motorcycle makes them more prone than
automobile drivers to experience serious injuries10. Assuming
that a motorcyclist attains a riding license at the age of 17
and rides 13,500 km per year until retirement lifetime, the
risk of death or serious injury approaches 100%11. It is clear
that the use of helmets decreases the severity of injury and
the probability of deaths, reducing health care costs12-14.

 The population evaluated in this retrospective study,
849,269 inhabitants from the cities of Limeira, Piracicaba
and Rio Claro, Brazil, is young, has great mobility, lives in
urban areas and is economically active. In a 7-year period,
the number of inhabitant per motorcycle had a great increase
in these three cities, in 2002 there were 14.24 inhabitants
per motorcycle and this number in 2009 doubled to 7.52
inhabitants per motorcycle15. The users affirm that
motorcycles are affordable, fuel-efficient, have cheaper
maintenance than a car and facilitate locomotion in the
overcrowding traffic, characteristics of the São Paulo state.

The results of this study demonstrated that motorcycle
accidents are common among young male patients.
Gopalakrishna et al.13 reported a prevalence of maxillofacial
injury in males (89.7%) with a mean age of 28.7 years.
According to Oginni et al.16, the male-female ratio was 3.5:1,
the peak age incidence for males was 20 to 29 years, whereas
female had a peak age incidence of 10 to 19 years in
motorcycles accidents. In accordance with the present study,
other Brazilians studies investigated the prevalence of young
males involved in two wheel vehicle accidents17-18. Our
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results are similar tose of other studies worldwide,
representing similar behavior of motorcyclists in different
countries, as discussed herein.

Motorcyclists are in disadvantage against car drivers
when the collision occurs because this two wheel vehicle do
not offer a security device like a seat belt or an air bag, that
keeps the body of the patient inside the car. The pillions
often are heedless far from the motorcycle and the only device
that can prevent a worst injury in the head or face is the
helmet. Helmeted riders have been shown to have 70%
reduction in injury severity and 40% reduction in mortality
compared to unhelmeted riders in collisions19.

Ten years after the introduction of the new traffic code
in Brazil, helmeted motorcyclists represents 76.3% of all
patients involved in motorcycle accidents against 31.2% of
patients before the introduction of the new law, as
demonstrated by Liberatti et al. in a study of the Brazilian
population20. Ferrando et al.5 analyzed the mortality rate before
and after law changes in Spain and found a 25% reduction
of fatal accidents among two wheel vehicle occupants, with
a reduced incidence of head trauma. Another study that
assessed motorcycle and maxillofacial trauma among Nigerian
intracity road users16 reached different results, as none of the
riders or passengers used a helmet at the time of the road
accident, and soft tissue lesions were prevalent among facial
injuries.

The number of motorcyclists presenting maxillofacial
fractures using helmets in this study was higher than
motorcyclists using helmets that sustained facial contusions.
As motorcycle crashes are high-energy trauma, it is possible
that the impact of the cranium and face during the accident
in patients without helmet promote more seriously injury, as
immediate death or severe encephalic traumatism.

The incidence of associated body traumatism with
maxillofacial fractures can vary widely. This study presented
a large number of concomitant traumas in patients that were
wearing helmets during the crash. This could be explained
by the inexistence of a security device that protects the whole
body of motorcyclists. Another factor that can influence this
result would be the increase of riders that were using helmets.

Brasileiro and Passeri21 demonstrated a prevalence of
24.1% in upper limbs associated trauma, this data corroborates
with this study. Ramli et al.22 affirm that the use of helmet
during an accident reduces the incidence of skull injures
while the motorcyclist becomes more susceptible to thoracic
and orthopedic trauma. Alvi et al.23 disagree with this study,
concluding that encephalic trauma is commonly associated
with facial trauma ranging from 5.4 to 85%.

Gopalakrishna et al.13 observed that the incidence of
mandibular fractures is significantly higher for motorcyclists
wearing helmets than for those who do not. The data
presented in this study and in the national studies by Maliska
et al.24 and Scariot et al.25 agree with this statement. The
prominence of the mandible and the dissipation of impact
forces along the architectural framework of the middle third
can explain this prevalence of fractures. The data collected
in this work did not account the deaths, neither the patients

that did not have maxillofacial trauma, considering only the
patients that survived for oral and maxillofacial specific
examination. Further studies must be developed to include
these data, probably collected at hospital emergency rooms.

High-energy trauma caused by motorcyclists is
responsible for higher percentages of soft tissue lacerations
and facial fractures. Motorcycle accidents represented almost
one third of all maxillofacial injuries seen in this division of
oral and maxillofacial surgery, causing high morbidity.
Educational campaigns, defensive driving and the use of
adequate helmets are necessary to decrease the number of
facial injuries in such accidents.

Facial fractures in motorcyclists occur primarily among
men under 30 years of age in the studied population and the
majority of patients sustaining maxillofacial fractures wore
helmets at the moment of the crash. Overall, the most common
fractured sites on the face are the zygomatic complex followed
by the mandible. Patients that wore helmets had more
conservative treatments, and encephalic trauma is related with
the use of helmet. Young adults are more severely injured
and are more frequently involved in accidents.
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