
Abstract
Facial injuries are often sustained during cycling 
accidents despite the mandatory use of safety helmets  
in New Zealand. 
Aims: To evaluate the effectiveness of cycling helmets in 
preventing facial trauma. A secondary objective was to 
assess the impact of New Zealand legislation, concerning 
the mandatory use of safety helmets, on the prevalence 
of cycling-related facial trauma. 
Method: Several keywords, such as “cycle accident”  
and “facial trauma”, were used in PubMed to search  
for relevant articles that could be included in this  
non-systematic review. 
Results: Some evidence supporting the role of bicycle 
helmets in preventing head injuries was found; however, 
comparatively fewer studies had investigated the effect 
of helmet use on the prevalence and nature of facial 
injuries. Based on the available data, safety helmets 
appear to reduce the risk of upper facial injuries but 
offer little or no protection to the mandible and some 
structures of the mid-face. 
Conclusions: The impact of mandatory helmet use  
on the rate and pattern of facial injuries is still unclear.  
Most safety helmets do not provide physical protection 
to the mandible; however, further research is needed  
to evaluate whether design modifications would reduce 
the risk of fractures to this area.

Introduction
New Zealand is well recognised globally for its cycling 
culture, particularly with regard to scenic recreational 
riding and international racing. Despite cycling being 
a popular leisure activity in New Zealand, there is only 
marginal use of bicycles for commuting purposes 
(Ministry of Transport, 2013; Tin Tin et al., 2010).  
For example, Christchurch is one of the most bicycle-
active cities in New Zealand, with more than 25% of 
the population using bicycles for recreational activities, 
but only 8% for commuting purposes (Lee and Chou, 
2008). National figures appear even lower with the 2013 
NZ census reporting only about 2% of the population 
using bicycles to commute to work (Ministry of Transport, 
2013). One reason for this trend is the general sense of 
inadequate safety when commuting on roads (Ministry 
of Transport, 2013). Indeed, a large proportion of cyclists 
have reported that the development of dedicated bicycle 
lanes and reduced motor vehicle speeds are important 
factors that would encourage them to commute to work 
(Tin Tin et al., 2010).

From a global perspective, cyclist fatalities in New 
Zealand are relatively low with approximately 2% of 
all road deaths caused by cycling-related accidents 
(Ministry of Transport, 2008). The rate of on-road cyclist 
fatalities in New Zealand is significantly lower than other 
developed countries such as the Netherlands (22%), 
Japan (16%) and Hungary (13%) (International Traffic 
Safety Data and Analysis Group, 2013). One reason for 
this low fatality rate has been ascribed to mandatory 
use of cycling helmets in New Zealand. Even though 
these laws are generally well-enforced (Clarke, 2012), the 
cost-effectiveness of compulsory helmet use remains 
controversial and the impact of helmet use on the risk 
of facial trauma is still unclear (Kopjar and Wickizer, 
2000; Robinson, 2001; Taylor and Scuffham, 2002). 
In fact, some reports have suggested that mandatory 
helmet usage does not reduce the risk of bicycle-related 
injuries, but rather discourages cyclists from spending 
time on the road (Robinson, 2006). The severe nature of 
facial injuries raises important questions regarding the 
effectiveness of currently available protective gear and 
the need for public awareness campaigns.

The main objective of this review article was therefore 
to evaluate the effectiveness of cycling helmets in 
preventing facial trauma. A secondary objective was 
to assess the impact of New Zealand legislation on 
reducing the risk of cycling-related facial trauma.

Facial fractures caused by cycling accidents
Fatalities and serious head injuries are often the 
primary focus of studies investigating the outcome of 
cycling accidents. By comparison, data on the nature 
and frequency of facial trauma is relatively scarce. 
In Christchurch, cycling accidents are the second 
most common cause of sports-related facial trauma, 
accounting for approximately 15% of all treated sports-
related maxillofacial fractures (Antoun and Lee, 2008). 
The most common group of cyclists to sustain facial 
fractures are males between the ages of 10 and 19 years 
(Antoun and Lee, 2008). The increased risk of bicycle-
related facial injuries among young males has also been 
noted elsewhere (Qing-Bin et al., 2013).

Cyclists often sustain facial injuries because of falls 
off their bicycles (Lee and Chou, 2008; Thompson et al., 
1999). Of the facial sites affected, bicycle accidents often 
result in fractures of the mandible and mid-face (Figures 
1 and 2), with the zygoma and mandibular condyle being 
the most commonly affected sites (Lee and Chou, 2008; 
Lindqvist et al., 1986; Boffano et al., 2013; Yamamoto et 
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helmets, regardless of type, provide substantial 
protection against head injuries for cyclists of all ages 
involved in crashes, including motor vehicle accidents 
(Thompson et al., 1999; Thompson et al., 1996A). In a 
Cochrane Collaboration systematic review, five case-
control studies were analysed and it was concluded  
that helmets provide a 63-88% reduction in the risk of 
head and brain injuries across all age groups (Thompson 
et al., 1999). Facial injuries to cyclists occur at a rate 
nearly identical to that of head injuries, namely, 43 and 
45 per 100 000 respectively (Thompson et al., 1999); 
however, there is a lack of evidence regarding the 
effectiveness of bicycle helmets in preventing facial 
trauma (Table 1). The protective effect of bicycle helmets 
against facial injuries, therefore, remains a contentious 
issue in the literature (Hansen and Scuffham, 1995).

One reason for this controversy is that the majority  
of safety helmet designs do not cover the entire face, 
thus offering site-specific protection against facial 
injuries. Indeed, helmet use has been reported to reduce 
the risk of serious injury to the upper (OR = 0.36; 95% 
CI: 0.26-0.49) and mid-face regions (OR = 0.35; 95% 
CI: 0.24-0.50), but not the lower face (OR = 0.88; 95% 
CI: 0.72-1.07) (Thompson et al., 1996B). In support of 
these findings, it was found that helmet use reduced the 
risk of mid-to-upper facial injuries by 65%, but offered 
no significant protection against lower facial injuries 
(Thompson et al., 1999). These findings are perhaps 
not surprising given that most helmets available on the 
market do not protect the mandible – a site that is highly 
susceptible to fractures in these accidents (Lee and 
Chou, 2008; Lindqvist et al., 1986; Boffano et al., 2013; 
Yamamoto et al., 2011).

The effect of different helmet types on the risk of facial 
injuries has also been explored (Hansen et al., 2003). In 
comparison to non-helmet wearers, the use of hard shell 
helmets was reported to reduce the odds of sustaining 
head injuries (OR = 0.36; 95% CI: 0.21-0.60), but not 
facial injuries (OR = 0.90; 95% CI: 0.58-1.41) (Hansen et 
al., 2003). Hard-shell helmets are still preferable to foam-
type ones, which are associated with an increased risk of 
facial injury especially in young children under the age of 
nine years (OR = 1.87; 95% CI: 1.03-3.40) (Hansen et al., 
2003). The fit of safety helmets and the use of visible aids, 
such as lights, may also influence the risk of injury (Tin Tin 

Figure 2. A colour-coded 
illustration of the mandible 
showing the relative risk 
of bicycle-related facial 
fractures by anatomical 
site; red zones indicate the 
greatest (relative) prevalence 
of trauma in mandible, while 
yellow indicates the least 
(based on New Zealand data; 
Chou and Lee, 2008).

Figure 1. A colour-coded 
illustration of the skull showing 
the relative risk of bicycle-
related facial fractures by 
anatomical site; red zones 
indicate the greatest (relative) 
prevalence of trauma in skull, 
while yellow indicates the least 
(based on New Zealand data; 
Chou and Lee, 2008).

Table I. Summary of case-control studies that have investigated the effect of helmets on facial injuries.

Study Primary Outcome Design Sample Size Population

Lindqvist et al., 1986 Facial Fractures Retrospective, observational study 93 Finland

Antoun and Lee, 2008 Facial Fractures Retrospective, observational study 561 New Zealand

Lee and Chou, 2008 Facial Fractures Retrospective, observational study 63 New Zealand

Yamamoto et al., 2011 Facial Fractures Retrospective, observational study 307 Japan

Boffano et al., 2013 Facial Fractures Retrospective, multi-centre, observational 
study

208 Italy, Holland

al., 2011). Severe facial injuries, such as Le Fort II and 
III fractures, have also been reported following cycling 
accidents which involve high impact velocities and forces 
(Syed et al., 2013).  
The upper facial bones, on the other hand, are generally 
less prone to injury with low fracture rates reported for the 
nasal and frontal bones. Interestingly, the pattern of facial 
fractures found in New Zealand is similar to that reported 
in other areas associated with low helmet use (Lindqvist 
et al., 1986; Yamamoto et al., 2011). This raises important 
questions regarding the effectiveness of currently available 
bicycle helmets in reducing facial trauma.

Effectiveness of helmets in preventing  
facial injuries
There is some evidence to support the role of bicycle 
helmets in preventing head injuries (McDermott et al., 
1993; Thomas et al., 1994; Maimaris et al., 1994).  
A number of studies have suggested that bicycle 
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et al., 2013; Romanow et al., 2014). In particular, poor-
fitting helmets that tilt back (OR = 4.81, 95% CI: 2.74–
8.46), shift (OR = 1.83, 95% CI: 1.04–3.19) or come off 
(OR = 3.31, 95% CI: 1.24–8.85) during bicycle accidents 
have been reported to increase the odds of facial injury 
(Romanow et al., 2014).

It is noteworthy, however, that previous research 
has mostly been retrospective with very few well-
designed prospective studies. Using a prospective 
study design, Harrison and Shepherd investigated the 
circumstances of maxillofacial injuries and the scope for 
preventative measures in Welsh cyclists over a 12-month 
period (Harrison and Shepherd, 1999). Information 
was collected prospectively on cyclists reporting to 
five emergency centres in regards to location and 
classification of the injury, presence of a head injury, 
circumstances of the accident, and the use of safety 
helmets (Harrison and Shepherd, 1999). The majority 
of these cyclists were young males, with only 14% of 
them wearing safety helmets at the time of the injury. 
The injuries recorded in these mostly non-helmet wearing 
cyclists were symmetrically distributed around the face. 
Nearly 70% of the sample had soft tissue abrasions and 
lacerations, with only 20% sustaining facial fractures 
(Harrison and Shepherd, 1999). The low rate of helmet 
use in the study, however, prevented the authors 
from making any definitive conclusions regarding the 
protective effect of safety helmets.

In New Zealand, there is limited data regarding the 
role of helmets in preventing facial injuries, with only one 
retrospective study investigating the distribution of facial 
fractures in a Christchurch sample (Lee and Chou, 2008). 
Utilising data from other studies is somewhat problematic 
since the characteristics of cyclists in other countries are 
likely to be different from those found in New Zealand.  
In the Christchurch study (Lee and Chou, 2008), for 
instance, injured cyclists reporting with maxillofacial injuries 
were significantly older than those reported in the South of 
Wales study (Harrison and Shepherd, 1999). Twenty-nine 
percent of the Christchurch sample involved individuals 
between the ages of 10-19 years, while almost two-thirds 
of the patients in the South Wales study were under the 
age of 15 years. Another important difference lies in the 
use of safety helmets, which was recorded in only 14% of 
cyclists in the South Wales study. Although helmet use was 
not recorded in the Christchurch study, this is likely to be 
relatively more because of New Zealand’s transport laws 
concerning mandatory helmet use.

The role of safety helmet legislation in  
reducing facial injuries
In 1994, New Zealand introduced legislation regarding 
mandatory bicycle helmet usage. Recent data from the 
Ministry of Transport seems to suggest a reduced risk 
for cyclists following the introduction of this legislation 
(International Traffic Safety Data and Analysis Group, 
2013). For example, compliance in helmet usage 
improved from 18% to 92% between 1990 and 2011 
(International Traffic Safety Data and Analysis Group, 
2013). This increasing trend in helmet wear is consistent 
with those reported by other countries that have recently 

introduced bicycle helmet legislation. Although this 
data seems to support the role of helmets in preventing 
on-road fatalities, several studies have reported 
contradictory findings regarding the cost-effectiveness 
of safety helmet legislation, especially among adults 
(Kopjar and Wickizer, 2000; Robinson, 2001; Taylor and 
Scuffham, 2002; Hansen et al., 2003).

To investigate the impact of legislation, Scuffham and 
Langley retrospectively examined serious injury trends 
in three age groups between 1980 and 1992 (Scuffham 
and Langley, 1997). Over this period, the voluntary 
wearing of helmets increased in the lead up to legislation 
by up to 84, 62 and 39% for primary school children, 
secondary school children and adults, respectively 
(Scuffham and Langley, 1997). Despite an increase in the 
number of cyclists wearing safety helmets, there was no 
concomitant decrease in the percentage of serious head 
injuries among cyclists. Contrasting results were found in 
another New Zealand study, which investigated the effect 
of safety helmet use on the prevalence of hospitalised 
head injuries between 1990 and 1996 (Povey et al., 
1999). For all age groups, the number of head injuries 
decreased with increasing helmet use for both non-motor 
vehicle accidents (between 24 and 32%) and motor 
vehicle crashes (20%) (Povey et al., 1999). Interestingly, 
there was no change in the severity of head injuries for 
which cyclists were hospitalised over this period. In 
another retrospective study carried out in New Zealand, 
the proportion of serious head injuries reporting to the 
Emergency Department after collision with a moving 
motor vehicle was reported to have reduced from 65% 
to 33% following the introduction of compulsory helmet 
wear (Moyes, 2007). Scuffham et al. also investigated 
the impact of helmet use between 1988 and 1996, and 
found that mandatory helmet wear lead to a reduction 
in head injuries to cyclists of 19% (Scuffham et al., 
2000). Unfortunately, there are no studies to date that 
have investigated the effect of helmet legislation on the 
prevalence and distribution of facial injuries despite their 
relatively high frequency.

In addition to head injuries and on-road fatalities, 
some researchers have considered the effect of helmet 
legislation on other aspects of health and wellbeing. 
Findings from one study, which reported on the activity 
levels of cyclists over different time periods, suggest 
that safety helmet legislation has adversely affected 
general health by reducing the amount of time spent 
cycling (Clarke, 2012). This reluctance to cycle is 
believed to contribute directly to a significant lack of 
exercise, and indirectly to an increased rate of premature 
deaths (Clarke, 2012). It has also been suggested that 
mandatory use of safety helmets may mistakenly give 
cyclists the feeling of added security, which causes them 
to take more risks (Adams and Hillman, 2001). In the 
South of Wales study, for example, approximately 10%  
of those who lost control were helmet wearers, compared 
to 29% of those who collided with a stationary vehicle 
and 18% who were hit by a car (Harrison and Shepherd, 
1999). The increased risk of colliding with oncoming 
vehicles has been attributed to the risk-taking behaviour 
of cyclists wearing helmets (Harrison and Shepherd, 
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1999). The fact that cyclists with previous crash histories 
are more likely to be involved in future accidents may 
also suggest that this group of high-risk cyclists are 
inherently more prone to injuries, regardless of helmet 
use. An alternative form of risk-taking behaviour among 
New Zealand adolescents includes not wearing safety 
helmets altogether (Coggan et al., 1997).

In addition to helmet use, several other factors may 
also influence the risk of bicycle accidents including 
previous crash history, cycling in urban areas, and group 
cycling (Tin Tin et al., 2013; Tin Tin et al., 2014). Clearly, 
more research is needed to investigate the relationship 
between helmet use and risk-taking behaviour, especially 
among younger age groups. Moreover, the impact of 
mandatory helmet use on the rate of facial injuries in  
New Zealand requires further investigation.

Considerations for overseas data
The present review has identified gaps in our knowledge 
of cycling-related facial injuries in New Zealand. The 
effect of helmet use on the prevalence of facial injuries is 
also still lacking, and primarily based on data originating 
from overseas studies. This data should be interpreted 
with caution, however. The South Wales study, with its 
particularly low rate of helmet use, demonstrates major 
challenges when applying international literature to New 
Zealand which is particularly unique in terms of the 
combination of road environment, cycling culture,  
and mandatory use of safety helmets.

With the exception of Australia, Finland and New 
Zealand (where legislative laws exist), the frequency of 
helmet use worldwide is reported to be less than 37% 
(Ministry of Transport, 2008). It is therefore difficult to 
apply international data about the effectiveness of safety 
helmets to New Zealand as there may be systematic 
differences between people overseas who choose to 
wear helmets and those in New Zealand who are legally 
required to use them. For example, overseas helmet 
wearers may be more cautious whilst cycling because 
they are more concerned about their safety than cyclists 
in New Zealand who are obliged to wear helmets under 
current transport laws.

Another methodological issue that makes these 
studies difficult to compare lies in the variability of 
definitions used. Most studies restrict the term “facial 
injury” to serious injuries such as lacerations and 
fractures (Worrell, 1987; Thompson et al., 1999), while 
others have used specific scales to evaluate the severity 
of injuries (Yamamoto et al., 2011). Several methods have 
also been used to classify the location of facial injuries. 
Some authors have recorded these injuries based on 
anatomical sites (Lee and Chou, 2008; Thompson et al., 
1999), while others have mapped them to specific facial 
zones (Harrison and Shepherd; 1999).

Future research directions
There is a significant amount of heterogeneity in the 
population characteristics and data collection methods 
used in overseas studies, which makes it difficult to draw 
strong conclusions about the effectiveness of helmet 
use in preventing facial injuries. There is certainly scope 
for research into the impact of safety helmet legislation 
in New Zealand. Current research mostly pertains to the 
post-legislation period and is limited to common trends 
relating to demographics, type of fracture, mode of 
injury and treatment modalities (Lee and Chou, 2008). 
Retrospective studies comparing cycling-related facial 
trauma before and after legislation was introduced may 
be useful in providing further information preventing 
facial injury. One possibility for carrying out such a study 
includes collecting data from district health boards using a 
standardised classification system that accounts for both 
soft and hard tissue injuries in the orofacial region.

Some authors believe that safety helmets should 
be further developed to provide some protection to 
susceptible sites, such as the mandible and zygoma 
(Acton et al., 1996; Chapman and Curran, 2004). 
Increasing the complexity of safety helmets, however, 
may result in increased weight which may discourage 
people from cycling activities. The effectiveness of any 
new helmet modification should therefore be evaluated 
using well-designed studies. Other preventative 
strategies, such as an improved cycling infrastructure, 
should also be explored.
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