Original Article - Retrospective Study

Analysis of Different Safety Devices in the
Prevention of Motorcycle-Related Craniofacial
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Introduction: Motorcycle accidents are one of the most frequent causes of trauma. Safety devices and helmets can influence the severity of
injuries. Our retrospective study wants to evaluate the different effectiveness of Open-face and Full-face helmets in the prevention of craniofacial
trauma. Materials and Methods: The sample consists of 440 patients admitted to two Level I Trauma Centres in Northern Italy, between
January 2002 and February 2019, because of motorcycle-related craniofacial trauma. For each patient personal data were collected, as well as
type and site of fractures, type of helmet, if worn, Comprehensive Facial Injury (CFI) score and Abbreviated Injury Score (AIS-Head) for head
injuries. Inferential statistical analysis was then conducted. Results: Two hundred and eighty-eight patients wore Open-face helmets (69.7%)
and 125 patients wore Full-face ones (30.3%). Mean CFI score (Standard deviation - SD) observed in patients with Open-face helmets was
7.0 (SD: 6.8) and surgery was required in 149 cases (51.7%); while it was 4.9 (SD: 6.0) in patients with Full-face helmets for whom surgery
was required in 43 cases (34.4%) (P < 0.0001 and P = 0.002, respectively). Multivariate analysis shows that severity of facial trauma is a
significant risk factor for head injury severity with OR 1.90 (95% confidence interval: 1.43 - 2.51) and P < 0.0001. Discussion: Full-face
helmets are definitely considered to be more protective for facial trauma, which is also a significant risk factor for the severity of head injuries.
The type of helmet chosen influences the need of surgical treatment in case of craniofacial trauma.
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INTRODUCTION

Motorcycle accidents represent, in many countries, one
of the main causes of trauma submitted to the attention of
maxillofacial surgeons:!"? Bikers are exposed to 30 times
greater risk of suffering trauma compared to car drivers.

Safety devices are able to influence the severity of injuries:™
there are many helmet types available on the market with
variable protection profiles [Figure 1].

Aim of this study is to evaluate the effectiveness of different
safety devices in motorcycle-related road accidents, focusing
on the prevention of craniofacial injuries, measured using
comprehensive facial injury (CFI) scorel>® and abbreviated
injury score (AIS-Head) for head injuries.

Access this article online
Quick Response Code:

O30

Website:
www.amsjournal.com

DOI:
E 10.4103/ams.ams_203 21
[ ] .

MeTtHoDS

This retrospective observational study enrolled 440 patients
with motorcycle-related trauma evaluated between January
2002 and February 2019 by a team of five surgeons
experienced in maxillofacial injuries and shared between
two Level I Trauma Centers in Northern Italy. Patients of
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any sex and age with motorcycle-related craniofacial trauma,
regardless of safety devices used, were included. Patients
without thorough clinical and radiological documentation
(traditional or computed tomography) were not included,
as well as patients with other modalities of injury, without
craniofacial involvement or in which the type of helmet
used was not declared by the prehospital trauma care team.
For each patient, the primary variables, which are type of
helmet worn, CFI and AIS-Head scores, calculated by a
specialist at the time of the first evaluation of the patient or,
if retrospectively calculated by the database officer, verified
by comparison with the score attributed by at least two of the
five members of the surgical team, were registered. Sex, age,
mortality, type, and site of facial fractures, which contribute
to the scores calculation, were also recorded and considered
as secondary variables. The multiple types of helmet worn
at the time of the trauma have been simplified, reducing the
possibilities to two main types: “Full-face” (road or cross type)
and “open-face” (modular, jet, or demi-jet) helmets.[” Since the
presence of an incorrectly fastened helmet is known to have
a greater negative impact than the type of helmet itself, this
condition has been considered as the absence of any helmet, !/
to avoid any influence on the results.

HELMET TYPES CHARACTERISTICS IMAGES

This helmet guarantees
the protection of the entire head
including the nape region

Full-face Helmet

This helmet possesses
a reinforced chin guard and a flap
that has the task
to protect the eyes from sunlight

Cross Helmet

This helmet possesses
a chin guard
which can be raised

Modular Helmet

This helmet does not have
the most anterior portion
of the chin guard

BT but has a structure
that extends anteriorly
to protect the cheeks

This helmet does not have
the protective structure
for the cheeks and presents
less protection
at the level of the nape region
in favor of head mobility

Demi-Jet Helmet

VYRR

Figure 1: Helmet types available on the market

The population characteristics were described as absolute
numbers and percentages in case of dichotomous variables,
while continuous parameters were summarized using
mean, median, standard deviation, and interquartile range.
Inferential statistical analysis was conducted by evaluating the
association between the use and type of the helmet and CFI
and AIS-head scores, respectively. Multivariate analysis was
carried out including the type of helmet, CFI, and AIS-head
scores. Statistical analysis was conducted using Stata 9.0
software (Stata Corporation, College Station, Texas, USA).

This research study was conducted retrospectively from data
obtained for clinical purposes. We consulted extensively with
our Institutional Review Board who determined that our study
did not need ethical approval. This study has been conducted
in accordance with the ethical principles mentioned in the
Declaration of Helsinki (2013).

ResuLts

Sample characteristics are reported in Table 1. A total
number of 440 victims of motorcycle-related accidents were
consecutively included.

In our sample, 27 patients (6.1%) did not wear helmet while
413 subjects (93.9%) correctly used their own safety device.
Among them, 288 subjects wore open-face helmets (69.7%)
while 125 patients full-face ones (30.3%).

Sites of injuries were assessed on the basis of bony facial
thirds involved, reporting only once patients with more than
one fracture of the same facial third.

Twenty-four patients reported fractures of the upper facial
third (4.8%): among these ones, 13 patients wore open-face
helmets (54.2%), nine patients wore full-face helmets (37.5%)
and two patients did not wear any safety device (8.3%).

Three hundred and sixty patients reported fractures of
the middle facial third (72.6%); open-face helmet was

Table 1: Sample characteristics: age, sex, type of helmet
worn, in patients with correctly fastened helmet, mortality
in open-face, full-face, and nonwearing helmet population

Characteristics Results
Age

Mean+SD (range)

35.4+13.2 (12-78)

Median (IQR) 34 (25-45)
Males (%) 395 (89.8)
Females (%) 45 (10.2)
Helmet worn (total %) 413 (93.9)

Open-face helmet 288 (69.7)

Full-face helmet 125 (30.3)
Mortality (total %) 24 (5.4)

Open-face helmet 13 (54.2)

Full-face helmet 9(37.5)

No helmet 2(8.3)

SD=Standard deviation; IQR=Interquartile range
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worn by 232 patients (64.5%), full-face helmet was worn
by 102 patients (28.3%), and helmet was not worn by
26 patients (7.2%).

One hundred and twelve patients reported fractures of the
lower facial third (22.6%); 84 patients wore open-face
helmets (75.0%), 22 patients wore full-face helmets (19.6%),
and six patients did not wear any type of helmet (5.4%).

There wasalso aninvolvementofsoft tissues in 160 patients (36.3%);
open-face helmet was worn by 118 patients (73.8%), full-face
helmet was worn by 31 patients (19.4%), and helmet was not
worn by 11 patients (6.8%).

Table 2 highlights the severity of facial injuries measured
with CFI score and the requirement for subsequent surgery in
patients wearing open-face and full-face helmets. CFI <4 is
considered mild facial trauma, 4< CFI <10 is moderate facial
trauma, whereas CFI >10 is considered severe facial trauma.

Table 3 shows distribution of moderate (0 <AIS-Head <2)
and severe (AIS-Head >3) head injuries in patients wearing
helmet or not and in the subsets of patients who wore different
types of helmet.

Results of a uni- and multivariate analysis between type of
helmet and severity of facial trauma in relation to head injury
severity outcome are summarized in Table 4. Severity of facial
trauma is measured with CFI score while head injury severity
with AIS head.

Figure 2 analyses the distribution of head injury severity,
through facial injury severity groups, for patients wearing
open-face or full-face helmets. CFI <4 is considered mild
facial trauma, 4< CFI <10 is moderate facial trauma whereas
CFI =10 is considered severe facial trauma. Moderate head

injuries are measured with AIS head <2 and severe head injury
with AIS head >3.

Discussion

Motorcycle trauma represents a consistent proportion of
road accident injuries. In our sample, the main users of
motorcycles are male (395/440-89.8%) with a mean age of
35.4 years [Table 1].

Mortality rate of motorcycle-related trauma is not so high
in our population and overall number of deaths reaches
5.4% (24/440). This is in line with the international literature!
and reflects both the severity of multidistrictual involvement
and the performance of care reached by dedicated Level I
Trauma Centers.

In our sample, 6.1% of patients (27/440) did not wear helmet
correctly; this is a huge number in a country with strict road safety
laws, as Italy has. However, one of the most interesting results of
this analysis is that more than two out of three riders use open-face
helmets and only one out of three uses full-face ones [Table 1].

A preponderant use of open-face helmets is observed among
dead patients (13/24-54.2%), but numbers are too small to
be able to perform a conclusive analysis. The proportion of
deaths stratified by type of helmet worn shows in fact a greater
homogeneity of results (open-face helmet: 13/288-4.5%;
Full-face helmet: 9/125-7.2%; No helmet: 2/27-7.4%).

Few scientific studies are reported in literature about the
effectiveness of these safety systems, traducing their results
through the correlation with measured trauma severity. Most of
them analyze the outcome using scores frequently self-limited
in their application to craniofacial trauma. Consequently,
contradictory results are reported in literature.[7-$:10:11:13-24]

Table 2: Severity of facial injuries measured with comprehensive facial injury score and requirement for subsequent
surgery in patients wearing open-face and full-face helmets

Open-face helmet (%) Full-face helmet (%) P
CFI <4 102 (35.4) 69 (55.2) 0.001
4< CFI<10 121 (42.0) 38 (30.4)
CFI>10 65 (22.6) 18 (14.4)
Mean CFISD (range) 7.0+6.8 (0-39) 4.9+6.0 (0-33) <0.0001
Median CFI (IQR) 5(2-9) 3 (1-6)
Surgery 149 (38.1) 43 (11.0) 0.002
No surgery 126 (32.2) 73 (18.7)

CFI=Comprehensive facial injury; SD=Standard deviation; IQR=Interquartile range

Table 3: Severity of head injuries measured with abbreviated injury score-Head in patients wearing and nonwearing
helmets or using open-face and full-face ones

No helmet (%) Helmet (%) P Open-face (%) Full-face (%) P
0< AIS-head <2 11 (40.7) 265 (64.2) 0.014 190 (66.0) 75 (60.0) 0.147
AIS-head >3 16 (59.3) 148 (35.8) 98 (34.0) 50 (40.0)
Mean+SD (range) 2.9+1.4 (0-5) 1.9+1.7 (0-6) 0.004 1.9+1.7 (0-6) 2.1+1.8 (0-6) 0.144
Median (IQR) 3(2-4) 2(0-3) 2(0-3) 2(0-3)

AlIS=Abbreviated injury score; SD=Standard deviation; IQR=Interquartile range
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100 100
75 75
M AS=3
M AS<2
50 50
25 25
CFl<4 4<CFl<10 CFI=10 CFl<4 4<CFl<10 CFI=10
e - P-value = 0.009
a P-value = 0.001 b

Figure 2: Graphical display of correlation between facial (CFI score) and head (AIS score) injury severity in patients wearing (a)open-face helmets

or (b) full-face helmets

Table 4: Uni- and multivariate analysis between type of
helmet worn and severity of facial trauma, respect to
head injury severity main outcome

Univariate analysis

OR (95% CI) P
CFI 1.78 (1.37-2.32)  <0.0001  1.90(1.43-2.51) <0.0001
Helmet type  0.77 (0.50-1.19) 0.245 0.63 (0.40-1.00) 0.050
OR=0dd ratio; CI=Confidence interval; CFI=Comprehensive facial
injury

Multivariate analysis
OR (95% CI) P

Our study is, therefore, one of the few in which both the impact
of different types of helmet and the severity of facial and brain
damages are considered using dedicated scores. In this way,
we can measure the greater effectiveness of full-face helmets
compared to open-face ones in preventing motorcycle-related
facial trauma. Furthermore, our sample is one of the widest
described in literature.

The distribution of injuries among facial thirds indicates that,
in all cases, there is a preponderant involvement of midface,
which is characterized by the most prominent structures of the
face, such as nasal and zygomatic bones.

A higher frequencies of midfacial fractures are reported in
patients who wore open-face helmets compared to the ones
wearing full-face helmets (232/360—64.5% vs. 102/360-28.3%).
Same tendency is observed with regard to mandibular
fractures (84/112—75.0% vs. 22/112-19.6%) and fractures of
the upper facial third (13/24-54.2% vs. 9/24-37.5%).

Soft tissue injuries are also found more frequently in riders
who did not wear a helmet (11/27-40.7%) or who wore an
open-face helmet (118/288-40.9%), compared to patients who
wore a full-face helmet (31/125-24.8%); this is especially
true for those wounds complicated with nerve, salivary duct
or lachrymal drainage system involvement, or with loss of
tissue (8.5%).

The most interesting result of our analysis is the increase in severity
of facial injuries, objectified using CFI score, for riders who wore

an open-face helmet at the time of the trauma: the proportion of
patients affected by moderate and severe facial trauma, with CFI
score >4, among open-face helmet users compared to full-face
helmet users is significantly higher [Table 2]. This objectively
measured demonstration of the protective role of full-face systems
has never been previous reported in literature.

The same principle is similarly highlighted by evaluating the
need for surgical treatment of the reported facial lesions, a
parameter strongly correlated to the severity of injuries. We
can affirm that patients who wore a full-face helmet underwent
surgery with a statistically lower rate than those who wore an
open-face helmet [Table 2].

More controversial is the evaluation of the overall effect of
different types of helmets on the severity of brain injuries: the
protective effect of helmets on brain trauma is confirmed, as
demonstrated by the higher AIS head scores found in patients
without a helmet, but the impact of the different type of
helmet does not show a significant difference [Table 3], even
in multivariate analysis [Table 4].

Facial trauma severity is a single risk factor (odds ratio = 1.90,
P <0.0001) for traumatic brain injury severity [Table 4],
hence the protective effect of full-face helmets on facial
injuries [Table 2] could indirectly reflect on greater safety
even in the case of head trauma [Table 4 and Figure 2].

There is a higher rate of severe head injuries with AIS head >3 in
patients with CF1 score >10 who wore a full-face helmet compared
to patients who wore an open-face one [Figure 2]. This can be
explained by considering the high energy required to produce such
a severe facial trauma in riders wearing full-face helmets, which
is directly reflected in a contextual greater impact on the brain.

Our study has some limitations. Patients were identified
retrospectively and, although the sample size is adequate, especially
when compared to the literature, it is not big enough to guarantee
full statistical significance: authors expect that the greater severity of
head injuries assessed by AIS-head score in motorcyclists wearing
an open-face helmet will become statistically significant as the
sample size increases. Furthermore, it was not possible to identify
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precisely the mechanism of injury and the energies involved in the
cases presented, limiting the possibility of interpretation of the data.
Moreover, in patients who wore a helmet, its fitting was unknown
at the time of the trauma: if the helmet is too large, it can move on
patient’s head or come off in an accident, giving rise to alterations of
its protection profile and even causing some types of facial injuries,
such as fractures of nasal or zygomatic bones.

Finally, our study only includes patients who, due to a road
accident, underwent diagnostic assessment for craniofacial
injuries. Consequently, motorcyclists, who were not subjected
to medical evaluation as they had not suffered injuries, were not
included in this study. Therefore, the real protective effect of using
helmets, and in particular full-face ones, is not totally highlighted.

CoNCLUSIONS

With respect to the objectives, our study allows us to conclude
that full-face helmets are definitely considered to be more
protective for facial trauma, which is also a significant risk
factor for the severity of head injuries. The type of helmet
chosen influences the need of surgical treatment in case of
craniofacial trauma. Further prospective studies, preferably
with larger samples, have to be carried out to further investigate
the correlation between facial and brain trauma and the
protective effect of full-face helmets on head trauma. These
results are intended to be a guide for legislative choices in the
field of road safety, given the disabling aesthetic and functional
consequences of craniofacial trauma as well as the associated
economic burden, including the health and social costs related
to any residual disabilities.

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form, the patient(s) has/have
given his/her/their consent for his/her/their images and other
clinical information to be reported in the journal. The patients
understand that their names and initials will not be published
and due efforts will be made to conceal their identity, but
anonymity cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Boffano P, Kommers SC, Karagozoglu KH, Forouzanfar T. Aetiology
of maxillofacial fractures: A review of published studies during the last
30 years. Br J Oral Maxillofac Surg 2014;52:901-6.

2. Al-Hassani A, Ahmad K, El-Menyar A, Abutaka A, Mekkodathil A,
Peralta R, ef al. Prevalence and patterns of maxillofacial trauma:
A retrospective descriptive study. Eur J Trauma Emerg Surg 2019. [doi:
10.1007/s00068-019-01174-6]. Epub ahead of print.

3. Lin MR, Kraus JE. Methodological issues in motorcycle injury
epidemiology. Accid Anal Prev 2008;40:1653-60.

4. Barron S, Falank C, Ontengco J, Chung B, Carter DW. Severity and
patterns of injury in helmeted vs. non-helmeted motorcyclists in a rural
state. J Safety Res 2021;77:212-6.

5. Canzi G, De Ponti E, Novelli G, Mazzoleni F, Chiara O, Bozzetti A,

20.

21.

22.

23.

24.

25.

. Tabary M, Ahmadi

et al. The CFI score: Validation of a new comprehensive severity scoring
system for facial injuries. J Craniomaxillofac Surg 2019;47:377-82.
Canzi G, De Ponti E, Fossati C, Novelli G, Cimbanassi S, Bozzetti A,
et al. Understanding the relevance of Comprehensive Facial Injury (CFI)
score: Statistical analysis of overall surgical time and length of stay
outcomes. J Craniomaxillofac Surg 2019;47:1456-63.

Brewer BL, Diehl AH 3% Johnson LS, Salomone JP, Wilson KL,
Atallah HY, et al. Choice of motorcycle helmet makes a difference:
A prospective observational study. J Trauma Acute Care Surg
2013;75:88-91.

Yu WY, Chen CY, Chiu WT, Lin MR. Effectiveness of different types of
motorcycle helmets and effects of their improper use on head injuries.
Int J Epidemiol 2011;40:794-803.

Ramli R, Oxley J. Motorcycle helmet fixation status is more crucial than
helmet type in providing protection to the head. Injury 2016;47:2442-9.

. Arif MZ, Rajanikanth BR, Prasad K. The role of helmet fastening in

motorcycle road traffic accidents. Craniomaxillofac Trauma Reconstr
2019;12:284-90.

. Lucci C, Piantini S, Savino G, Pierini M. Motorcycle helmet selection

and usage for improved safety: A systematic review on the protective
effects of helmet type and fastening. Traffic Inj Prev 2021;22:301-6.

. Crompton JG, Oyetunji TA, Pollack KM, Stevens K, Cornwell EE,

Efron DT, et al. Association between helmets and facial injury after a
motorcycle collision: An analysis of more than 40 000 patients from the
National Trauma Data Bank. Arch Surg 2012;147:674-6.

. Cini MA, Prado BG, Hinnig Pde F, Fukushima WY, Adami F. Influence

of type of helmet on facial trauma in motorcycle accidents. Br J Oral
Maxillofac Surg 2014;52:789-92.

. Lopes Albuquerque CE, Nogueira Arcanjo FP, Cristino-Filho G,

Mont’alverne Lopes-Filho A, Cesar de Almeida P, Prado R, et al. How
safe is your motorcycle helmet? J Oral Maxillofac Surg 2014;72:542-9.

. Rice TM, Troszak L, Erhardt T, Trent RB, Zhu M. Novelty helmet use

and motorcycle rider fatality. Accid Anal Prev 2017;103:123-8.

. Amirjamshidi A, Ardalan A, Nainei KH, Sadeghi S, Pahlevani M,

Zarei MR. Comparison of standard and nonstandard helmets and
variants influencing the choice of helmets: A preliminary report of
cross-sectional prospective analysis of 100 cases. Surg Neurol Int
2011;2:49.

. Ramli R, Oxley J, Hillard P, Mohd Sadullah AF, McClure R. The effect

of motorcycle helmet type, components and fixation status on facial
injury in Klang Valley, Malaysia: A case control study. BMC Emerg
Med 2014;14:17.

. Sung KM, Noble J, Kim SC, Jeon HJ, Kim JY, Do HH, et al. The

preventive effect of head injury by helmet type in motorcycle crashes:
A rural Korean single-center observational study. Biomed Res Int
2016;2016:7. https://doi.org/10.1155/2016/1849134.

S, Amirzade-Iranaq MH, Shojaei M,
Sohrabi Asl M, Ghodsi Z, et al. The effectiveness of different
types of motorcycle helmets — A scoping review. Accid Anal Prev
2021;154:106065.

Colangeli W, Cordaro R, Boschetti CE, Apice C, Novembre D,
Lo Faro C, et al. Protective effects of helmet type on facial injuries.
J Craniofac Surg 2021;32:1591-5.

Chaichan S, Asawalertsaeng T, Veerapongtongchai P, Chattakul P,
Khamsai S, Pongkulkiat P, et al. Are full-face helmets the most
effective in preventing head and neck injury in motorcycle accidents? A
meta-analysis. Prev Med Rep 2020;19:101118.

Lam C, Wiratama BS, Chang WH, Chen PL, Chiu WT, Saleh W,
et al. Effect of motorcycle helmet types on head injuries: Evidence
from eight level-I trauma centres in Taiwan. BMC Public Health
2020;20:78.

Porto GG, de Menezes LP, Cavalcante DK, de Souza RR, Carneiro SC,
Antunes AA. Do type of helmet and alcohol use increase facial trauma
severity? J Oral Maxillofac Surg 2020;78:797.e1-8.

Wu D, Dufournet M, Martin JL. Does a full-face helmet effectively
protect against facial injuries? Inj Epidemiol 2019;6:19.

Canzi G, De Ponti E, Filippi A, Bozzetti A, Sozzi D, Novelli G. The
burden of facial trauma on mortality in patients with multiple injuries: A
single-center analysis of 1862 motorcycle accidents. J Craniomaxillofac
Surg 2021:S1010-5182(21)00243-2. doi: 10.1016/j.jcms.2021.11.006.
Epub ahead of print.

.Annals of Maxillofacial Surgery | Volume 11 | Issue 2 | July-December 2021




